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Neoplastic meningitis is a late, difficult-to-treat com-
plication found in 5% of all patients with cancer.1 
As patients with cancer live longer and as the use 
expands of antibody therapies that typically do not 
cross the blood–brain barrier,2 one may expect that 
the prevalence of neoplastic meningitis will increase 
in the future.

Clinical suspicion must be high because early 
treatment may improve prognosis.3 The method of 
diagnosis has remained the same over the years and 
is based on cytology and biochemistry of the cere-
brospinal fluid (CSF; with flow cytometry for he-
matological malignancies), gadolinium-enhanced 
magnetic resonance imaging of the entire neuraxis, 
and multifocality of neurological symptoms.1 For 
the differential diagnosis, the clinician must always 
keep in mind infectious forms of meningitis, para-
neoplastic syndromes, and autoimmune diseases,  
because these conditions may coexist or mimic neo-
plastic meningitis.

Neurosurgeons may be consulted for neoplastic 
meningitis management, which may include place-
ment of a ventricular-access device (for intrathecal 
chemotherapy) or a shunt for CSF diversion, because 
many patients have increased intracranial pressure 
due to communicating or obstructive hydrocepha-
lus. When a shunt is placed, a programmable valve 
will allow for the intrathecal administration of che-
motherapy by increasing pressure for several hours 
after infusion. Neurosurgeons should attempt to 
avoid iatrogenic neoplastic meningitis due to the 
spillage of tumor cells during brain and spinal cord 
tumor piecemeal resections. 

Radiotherapy is reserved for patients with bulky 
disease and as an adjunct to improve CSF flow ab-
normalities and help with the distribution of che-
motherapeutic agents. Regional chemotherapy may  
use methotrexate, but systemic myeloablative  
chemotherapy with or without stem cell transplanta-
tion or targeted agents (BRAF inhibitors) may also 
be utilized.

In spite of a poor overall prognosis, some pa-
tients with neoplastic meningitis live longer, espe-
cially those with hematopoietic malignancies.1-3 
However, many unanswered questions still remain, 
particularly with regard to methods of measuring 
outcomes and the role of chemoprophylaxis in pa-
tients with leukemias and lymphomas. “Liquid” bi-
opsy also holds promise as a future diagnostic tool 

by detecting circulating tumor DNA in the CSF.
This issue of Cancer Control attempts to review 

the literature on the subject of neoplastic meningitis, 
focusing on establishing the diagnosis early, main-
taining a high index of suspicion for this complica-
tion among patients with cancer, describing poten-
tial treatments on the horizon, and identifying the 
multidisciplinary approach required to manage  
the disease. 

In their article, Dr Filis and colleagues discuss 
key points on the physiology of CSF as well as the 
diagnostic and treatment options for hydrocephalus.

Of particular interest to all clinicians, Dr 
Rigakos and coauthors comprehensively review  
the clinical presentations, differential diagnosis, 
and radiographical findings of patients with neo-
plastic meningitis — which remains woefully un-
derdiagnosed.4 

Dr Le Rhun and others examine neoplastic men-
ingitis secondary to solid malignancies, which typi-
cally have a short median survival of a few months. 
In those cases, determining whom to treat can be 
challenging.

Dr Murthy and colleagues review neoplastic 
meningitis with primary or secondary central ner-
vous system involvement by leukemia or lymphoma. 
They emphasize aggressive, preventive strategies, 
the early diagnosis of high-risk patients, and sys-
tematic therapies that can penetrate the blood–brain 
barrier.

Dr Sahebjam and others examine experimental 
treatments for neoplastic meningitis from solid ma-
lignancies. In particular, they summarize the role of 
BRAF inhibitors in melanomas, epidermal growth 
factor receptor–tyrosine kinase inhibitors in lung 
carcinomas, and trastuzumab in ERBB2-positive 
breast cancer.

Dr Volkov and coauthors discuss the use of the 
Ommaya reservoir for the intrathecal administration 
of chemotherapy and shunting devices for hydro-
cephaly as well as their respective complications.

Diagnostic difficulties exist for neoplastic 
meningitis — including the lack of new diagnostic  
tools — as well as frustration from clinicians be-
cause of poor prognoses despite aggressive treat-
ment,1 so neoplastic meningitis can be thought of as 
one of the few “last frontiers” of oncology to be con-
quered. To do so will require innovation and wis-
dom across a multidisciplinary team. 

Editorial

Neoplastic Meningitis: One of the Last Frontiers of Oncology 



Cancer Control  5January 2017, Vol. 24, No. 1

In the same vein, we hope you enjoy and benefit 
from reading this issue of Cancer Control. 

Frank D. Vrionis, MD, PhD
Neuro-Oncology Program
H. Lee Moffitt Cancer Center & Research Institute
Tampa, Florida
fvrionis@brrh.com

Dr Vrionis is now affiliated with the Marcus Neuroscience 
Institute, Boca Raton Regional Hospital and the Charles 
E. Schmidt College of Medicine, Florida Atlantic University, 
Boca Raton, Florida.
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The physiology of CSF is a complex topic, 

and treatment for hydrocephalus typically 

depends on its cause.

Cerebrospinal Fluid and Hydrocephalus: Physiology,  
Diagnosis, and Treatment

Andreas K. Filis, MD, Kamran Aghayev, MD, and Frank D. Vrionis, MD, PhD

Artwork courtesy of Julie Gilbert Pollard. Impatiens by the Creek (detail).  
Watercolor on paper, 12" × 12".

Background: Cerebrospinal fluid (CSF) is found around and inside the brain and vertebral column. CSF plays 
a crucial role in the protection and homeostasis of neural tissue.
Methods: Key points on the physiology of CSF as well as the diagnostic and treatment options for hydrocephalus 
are discussed.
Results: Understanding the fundamentals of the production, absorption, dynamics, and pathophysiology of 
CSF is crucial for addressing hydrocephalus. Shunts and endoscopic third ventriculostomy have changed the 
therapeutic landscape of hydrocephalus. 
Conclusions: The treatment of hydrocephalus in adults and children represents a large part of everyday 
practice for the neurologist, both in benign cases and cancer-related diagnoses.

Cerebrospinal Fluid
Production
Approximately 70% of cerebrospinal fluid (CSF) is 
produced by the choroid plexus of the lateral ven-
tricles and the tela choroidea of the third and fourth 
ventricles.1 There is also extrachoroidal secretion of 
CSF by the epithelium of the ependyma and by the 
capillaries via the blood–brain barrier. Choroid plex-
us can develop as early as the 41st day in the embryo.2

In general, the volume of CSF in an adult is approxi-
mately 150 mL (125 mL in the subarachnoid space, 25 mL 

in the ventricles), whereas the total volume of CSF is 50 mL 
in newborns. The daily amount of CSF secreted is 500 mL, 
meaning that CSF is renewed 3 times every 24 hours.

Function
Spector et al3 studied the multiple functions of CSF, 
noting that CSF serves as a cushion for the brain and 
provides buoyancy. The average adult brain alone 
weighs more than 1000 g, but this force is effectively 
10 to 15 times less with CSF. Because molecules are cir-
culated through the blood–brain and blood–CSF barri-
ers, the neural tissue is nourished and toxic products of 
metabolism are carried away. 

 
Absorption and Circulation
The CSF circulates from the lateral ventricles through 
the interventricular foramina to the third ventricle 
and then via the cerebral aqueduct into the fourth 
ventricle. From there, via the 2 lateral apertures and 
median aperture, it enters the subarachnoid space 
and is distributed into the cerebral hemispheres and 
around the spinal cord. The spinal cord has a thin 
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central canal that also contains CSF and contributes to 
the distribution of CSF within the vertebral column.

The sites of CSF absorption are mainly the arach-
noid villi in the superior sagittal sinus. The arach-
noid villi are protrusions of the arachnoid layer into 
the sinus and are lined with epithelium.4 The villi are 
thought to function as valves.

Additional sites of CSF absorption include the spi-
nal arachnoid villi close to the epidural spinal veins and 
the meningeal sheaths of the spinal and cranial nerves. 
Lymphatics located proximal to arteries and nerves are 
also part of the mechanism of CSF absorption.

Composition
The CSF is a clear, colorless liquid. In an average adult 
lying down, the opening pressure of CSF as measured 
via lumbar puncture is approximately 10 to 20 cm 
H

2
O; in a sitting individual, this pressure ranges from 

20 to 30 cm H
2
O; in children and newborns, the range 

is lower.
In general, the CSF of an adult has fewer than 

5 white blood cells, a plasma glucose level of 60% to 
80%, and a protein level of 20 to 40 mg/100 mL, although 
significant differences can be observed depending on 
where the collection of CSF was obtained. The protein 
level will be higher if the collection is obtained via lum-
bar puncture than if obtained via a ventricular tap.

In clinical practice, it is useful to have a method 
for distinguishing between CSF and other fluids, espe-
cially in questionable cases of CSF leak. The ratio of  
β-2 transferrin protein in the fluid to the serum has 
been proven to deliver accurate results.5

Dynamics of Circulation
A detailed description of the dynamics of CSF is be-
yond the scope of this paper. Marmarou et al6 have 
pioneered research in this field. Briefly, 3 components 
are important for the dynamics of CSF, namely the 
(1) formation, (2) storage, and (3) absorption of CSF. 
In general, the formation of CSF is considered to be 
constant under normal circumstances. The storage of 
CSF is proportional to the compliance of the ventricles. 
The reabsorption is proportional to the pressure gradi-
ent between CSF and the sagittal sinus and inversely 
proportional to flow resistance. Volumetrically, the 
production of CSF is equal to the storage added to ab-
sorption.7 Based on the equation of Marmarou et al6 for 
intracerebral pressure, an increase in the production of 
CSF or outflow resistance at the level of the arachnoid 
villi or at the dural sinus can lead to higher intracere-
bral pressure. 

Blood–Brain Barrier and Blood–Cerebrospinal 
Fluid Barrier
The blood–CSF barrier consists of tight junctions at 
the epithelial cells of the choroid villi that project into 

the sinus. Similarly, the blood–brain barrier separates 
the brain tissue from the surrounding blood vessels. 
Both barriers selectively allow the passage of different 
molecules.

Hydrocephalus
Classification
Hydrocephalus is defined as the accumulation of an 
abnormal quantity of CSF in the ventricles. However, 
this description is oversimplified because hydroceph-
alus is multifactorial. In textbooks of neurosurgery, 
numerous classification schemes can be found.8,9 Gen-
erally, hydrocephalus falls into the obstructive or com-
municating group. 

External hydrocephalus is considered to be a 
separate entity. The condition refers to abnormal col-
lections of CSF over the hemispheres and is a form of 
communicating hydrocephalus. It can be caused by in-
fection, trauma, or prior surgery.

Multiple pathologies cause obstruction at differ-
ent levels. At the interventricular foramina, a colloid 
cyst or astrocytoma may cause obstruction. At the lev-
el of the third ventricle, craniopharyngioma or optical 
thalamic glioma may account for obstruction. Pineal 
cysts and solid tumors can also obstruct the cerebral 
aqueduct. Gliomas, plexus papillomas, ependymo-
mas, and medulloblastomas are examples of possible 
disease entities for occlusion at the level of the fourth 
ventricle.

Some causes for nonobstructive (communicating) 
hydrocephalus include infections that cause adhesions 
(eg, meningitis), hemorrhage following stroke, intrace-
rebral bleeding, the leptomeningeal spread of cancer, 
or sinus thrombosis.

In the fields of pediatrics and neonatology, it is 
important to mention the posthemorrhagic hydro-
cephalus of prematurity related to bleeding in the 
subependymal germinal matrix.10,11 This condition 
affects premature neonates and manifests in the first 
weeks of life. The germinal matrix is fragile, and fluc-
tuations in cerebral blood flow can lead to subepen-
dymal bleeding with or without rupture to the ven-
tricle. Blood in the ventricle can cause obstruction of 
the CSF pathways and subsequent posthemorrhagic 
hydrocephalus.10,11

Chiari malformation — particularly type 2 — is as-
sociated with hydrocephalus, and these patients will 
require shunting.

Normal pressure hydrocephalus can be clinically 
diagnosed using the Hakim triad of urinary incon-
tinence, memory loss, and gait unsteadiness. In such 
cases, CSF pressure is generally below 20 cm H

2
O. 

This type of hydrocephalus can be common in older 
individuals, although it is not exclusive to this patient 
population. According to a Norwegian study, the prev-
alence rates in Norway ranged from 3.3 per 100,000 
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persons aged 50 to 59 years, 49.3 per 100,000 persons 
aged 60 to 69 years, to 181.7 per 100,000 persons aged 
70 to 79 years.12

Pseudotumor cerebri syndrome (PTCS) is an en-
tity that includes idiopathic intracranial hypertension 
and secondary PTCS (when a cause is discerned). The 
pathogenesis of PTCS is relatively unknown, although 
theories have been proposed and have included ve-
nous thrombosis, increased resistance to CSF outflow, 
altered vitamin A metabolism, and obesity, among oth-
ers.13 Regardless of its pathogenesis, ventriculomegaly 
is not present in cases of PTCS, but intracerebral pres-
sure as measured via lumbar puncture (opening pres-
sure) will be higher than normal.

Diagnosis 
The diagnosis of hydrocephalus is generally made 
using a combination of clinical signs, findings on 
radiological imaging, and, on some occasions, CSF 
pressure readings.

In children, a bulging frontal fontanelle indicates 
increased intracranial pressure. Ultrasonography or 
computed tomography will show ventriculomegaly 
and possibly help reveal the cause of hydrocephalus. 
In adults, standard imaging modalities include com-
puted tomography and magnetic resonance imaging. 
In many cases, high-volume lumbar puncture is per-
formed for diagnostic purposes. If the patient experi-
ences significant clinical improvement, then shunting 
may be offered to them. More sophisticated imaging, 
such as CSF flow studies or radionuclide distribution 
over the hemispheres, can also be used to make the di-
agnosis. In rare cases, invasive monitoring via a ven-
tricular catheter has been reported.14

Treatment
The type of therapy indicated is directed by the cause 
of the hydrocephalus. For example, shunting may no 
longer be necessary if the cause of the hydrocephalus 
is eliminated. In cases of hemorrhage or tumors, surgi-
cal evacuation might be an appropriate option in com-
bination with or without shunting.

In general, shunting is required to correct myelo-
meningocele in patients with type 2 Chiari malforma-
tion. In utero myelomeningocele repair is ideal so that 
brain herniation can be prevented, although this pro-
cedure is not yet the standard of care.15 Decompres-
sion of the foramen magnum and duraplasty are the 
therapeutic plan of choice for type 1 Chiari malfor-
mation.16 Shunting of recurrent hygromas in cases of 
external hydrocephalus or evacuation may also be ap-
propriate options.

Endoscopic third ventriculostomy is indicated in 
cases of aqueduct stenosis when the fourth ventricular 
enlargement is absent. Nonetheless, endoscopic third 
ventriculostomy has been used for other cases of hy-

drocephalus but with variable outcomes.17,18 In the field 
of pediatric neurosurgery, endoscopic third ventricu-
lostomy has been used in cases of shunt failure, post-
hemorrhagic hydrocephalus, and Chiari malforma-
tions. It has also been combined with choroid plexus 
cauterization.19

Conclusions
The physiology of cerebrospinal fluid is a complex top-
ic still undergoing rigorous research. Circulatory ab-
normalities of cerebrospinal fluid are common and of-
ten require neurosurgical attention. In many cases, the 
course of hydrocephalus can be significantly changed 
with neurosurgical intervention (eg, posthemorrhag-
ic hydrocephalus, normal pressure hydrocephalus), 
thus offering patients a normal life span; however, in 
those with cancer-related hydrocephalus, therapeutic 
options may be limited to palliative care. Endoscopic 
third ventriculostomy is an option for selected patients 
with pineal or posterior fossa tumors and may circum-
vent the need for a shunt.
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Clinician awareness of neoplastic  

meningitis is important so that  

the disease is recognized and treated  

in a timely manner.

Clinical Presentation, Diagnosis, and Radiological Findings  
of Neoplastic Meningitis
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Background: Neoplastic meningitis is a complication of solid and hematological malignancies. It consists of 
the spread of malignant cells to the leptomeninges and subarachnoid space and their dissemination within 
the cerebrospinal fluid.
Methods: A literature review was conducted to summarize the clinical presentation, differential diagnosis, 
laboratory values, and imaging findings of neoplastic meningitis.
Results: Neoplastic meningitis is an event in the course of cancer with a variable clinical presentation and 
a wide differential diagnosis. In general, characteristic findings on gadolinium-enhanced magnetic resonance 
imaging and the presence of malignant cells in the cerebrospinal fluid remain the cornerstones of diagnosis. 
However, both modalities do not always confirm the diagnosis of neoplastic meningitis despite a typical 
clinical picture.
Conclusions: Clinicians treating patients with cancer should be aware of the possibility of neoplastic meningitis, 
especially when multilevel neurological symptoms are present. Neoplastic meningitis can be an elusive diagnosis, 
so clinician awareness is important so that this malignant manifestation is recognized in a timely manner.

Introduction
Neoplastic meningitis is a rare, late, and frequently 
terminal event in the course of malignancy. It occurs 
in 4% to 15% of solid tumors and up to 20% of lym-
phomas and leukemias, and it is associated with sig-
nificant morbidity and short survival rates (range, sev-

eral weeks to 8 months).1,2

Neoplastic meningitis is characterized by the dif-
fuse involvement of the leptomeninges (pia and arach-
noid), the subarachnoid space, and the cerebrospinal 
fluid (CSF) by malignant cells, and it occurs through 
the hematogenous invasion of the subarachnoid space 
and ventricles or through direct extension from bone 
and brain lesions, or, in some cases, with local spread 
through the dura along perineural and perivascular 
spaces.3 The most frequent primary solid tumors as-
sociated with neoplastic meningitis are breast cancer, 
non–small-cell lung cancer, and malignant melanoma.4 
Neoplastic meningitis is typically a late event (70%) 
and is rarely (15%) a presenting finding in an undiag-
nosed malignancy.5 However, neoplastic meningitis 
is expected to occur more frequently in the future be-
cause longer cancer survival times allow tumor cells 
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the time needed to penetrate so-called central nervous 
system (CNS) sanctuary sites.6 Molecular therapeutic 
agents, particularly monoclonal antibodies, generally 
do not penetrate the CNS, and their use could lead to 
increasing rates of neoplastic meningitis in patients 
receiving such agents. Use of improved neuroimaging 
techniques might also increase the diagnostic rate of 
neoplastic meningitis.

A diagnosis of neoplastic meningitis is generally 
suggestive of advanced disease, and the overall prog-
nosis is affected by controlling leptomeningeal dis-
ease. However the prognosis, choice of therapy and 
patient outcomes depend on the state and extent of 
the systemic disease. Furthermore, a patient’s general 
performance status is a core determinant of outcome, 
possibly because this value reflects the entire stage of 
the disease and its severity.

The dissemination of leptomeningeal cancer is a 
metastatic complication whose impact in clinical on-
cology is growing. Treatment advances have been 
hampered by difficulties in diagnosis and response 
assessment, as well as possible frustration from clini-
cians because of the poor prognosis of the disease, 
even with aggressive treatment.5 However, advances in 
therapeutic management have been achieved.6 In select 
patients, survival and time to neurological progression 
can be improved with therapy, making early diagno-
sis and a high index of suspicion very important.7

Clinical Presentation
Pathogenesis of Symptoms
Neoplastic meningitis has a variable clinical presenta-
tion with multifocal and multilevel CNS involvement 
caused by multiple pathophysiological mechanisms, 
including the mass effect of tumor presence in the sub-
arachnoid space, direct invasion of the leptomeninges 
and brain parenchyma, CSF circulation obstruction 
leading to increased intracranial pressure, and cranial 
or spinal nerve root impingement.8

The types of symptoms in neoplastic meningitis 
arise because of involvement of the different anatomi-
cal areas and may, at times, depend on the type of pri-
mary cancer. A normal reduction of CSF circulation 
and the effect of gravity may be why CSF obstruction is 
seen in the lumbar region and may explain why gross 
tumor involvement is typically present at the base of 
the brain (basilar cisterns or posterior fossa), the Syl-
vian fissures, and the cauda equina.3 Tumor cells can 
also reach the leptomeninges through the blood or 
by invasion into the perineural or perivascular spaces 
and vascular alterations due to tumor growth.3,9 Pa-
renchymal metastases may be present, but neurologi-
cal symptoms that cannot be attributed to a single area 
of the CNS may be the result of neoplastic meningitis; 
thus, the clinician must have a high index of suspicion.

Patients with neoplastic meningitis subacutely 

present with symptoms that can emerge over days 
or weeks and can include multifocal neurological 
impairment, meningismus with headache, vomit-
ing, and nuchal rigidity.10 These symptoms may 
be difficult to attribute to neoplastic meningitis be-
cause they are nonspecific. Signs and symptoms of 
neoplastic meningitis can be categorized according 
to where the disease manifests within the 3 ana-
tomical areas of the CNS: cerebrum (15%), cranial  
nerve/brainstem (35%), and spinal cord (60%).8,10,11  
A retrospective study of 187 patients found that 34% 
of study patients had signs in 1 anatomical area, 39% 
in 2 anatomical areas, and 25% in all 3 anatomical 
areas. Two percent of those study patients had no 
clinical features,10 although other researchers have 
shown that an even higher percentage of patients are  
asymptomatic.12

In all anatomical areas combined, the most com-
mon symptoms are headache, nausea, vomiting, pare-
sis, paralysis, confusion, diplopia, cerebellar dysfunc-
tion, and back pain (Table 1).3,6,8-10,12-18

Cerebral Symptoms
Cerebral symptoms include headache, dizziness/ver-
tigo, confusion, fatigue, gait instability, aphasia, al-
tered mental status, seizure (although rare), hemipa-
resis, and numbness.16,19,20 Of these, headache is the 
most common among all 3 anatomical areas of the 
CNS.16,19,20 These symptoms are attributed to high in-
tracranial pressure and may be associated with pap-
illedema. Headaches are often described as worse 
when awakening or lying down and can interfere with 
sleep.19 Other patients present with seizure and altered 
mental status.13,16 Nausea and vomiting represent the 
most common symptom cluster following headache.8,16 
Symptoms are frequently related to intracranial pres-
sure, either with or without evidence of an actual block 
to the flow of CSF or direct meningeal irritation. Pho-
tophobia can also exist but is rare. Involvement of the 
pituitary stalk can rarely lead to diabetes insipidus or 
panhypopituitarism.

Cranial Nerve and Brainstem Symptoms
Cranial nerve and brainstem symptoms include visual 
disturbances (eg, loss of visual acuity, diplopia), facial 
muscle weakness, hearing loss, nausea and vomiting, 
dysphagia and dysarthria, hoarseness, decreased hear-
ing, and facial pain or numbness.8 A related symptom 
encountered in breast cancer is that of a “numb” or 
“frozen chin” (ie, presence of hypesthesia in the chin). 
Visual loss and ocular mobility deficits with diplopia 
are the most frequently occurring ocular symptoms.9

Cerebellar involvement can cause an unsteady 
gait, diplopia, ataxia, and falls. Such symptoms are 
present in 65% of patients; nausea, vomiting, and diplo-
pia are the most frequent symptoms.8
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Spinal Cord Symptoms
Spinal nerve root involvement may cause lumbar pain, 
limb paresis or paralysis, bowel and bladder dysfunc-
tion, and loss of reflexes that may lead to cauda equina 
or cauda medullaris syndrome.8,14,15 Paresis or paraly-
sis was the initial finding in 41% of patients presenting 
with neoplastic meningitis secondary to breast cancer 
and is a commonly seen symptom.8,14,16 At our clinic, 
1 patient presented with painful, unprovoked muscle 
spasms who, after investigation, was diagnosed with 
neoplastic meningitis.

Physical Examination
Findings on physical examination may reflect the multi-
level CNS involvement and typically consist of neurolog-
ical signs. Neurological examination may show visual 
loss or ocular motor nerve palsies, with abducens nerve 
being the most commonly affected followed by oculo-
motor and trochlear nerves.5 

Oculomotor nerve palsy causes diplopia accom-
panied with ptosis and mydriasis, whereas the patient 
with trochlear palsy diplopia may notice it when de-
scending stairs; abducens palsy causes horizontal 
diplopia. Facial and trigeminal palsy may cause facial 
weakness and hypesthesia, and vestibular and cochlear 
nerve involvement may cause hearing impairment, ver-
tigo, and instability. Lower cranial nerve (IX, X, XI, XII) 
palsies lead to impaired speech and swallowing. 

Findings on neurological examination may also 

reveal weakness in the extremities, hypesthesia, defi-
cits of higher mental functions with altered mental 
status (confusion, lethargy, personality changes), gait 
instability, ataxia and dysmetria in cerebellar tests, 
and asymmetry in tendon reflexes. Funduscopy may 
or may not reveal papilledema. Nuchal rigidity and the 
presence of the Lhermitte sign — although considered 
to be typical signs — are not common.

Patient performance status is important in the set-
ting of neoplastic meningitis. In a study of leptomen-
ingeal metastases from breast cancer and a study of 
neoplastic meningitis due to several different primary 
tumors, researchers found that the median Karnofsky 
performance status was approximately 70%.8,16

Differential Diagnosis
The clinical presentation of neoplastic meningitis can 
be mimicked by a variety of conditions. The differen-
tial diagnosis of patients with symptoms suggestive of 
neoplastic meningitis is less laborious in patients with 
a diagnosed malignancy than in those without a diag-
nosis of cancer because a wide range of infectious and 
noninfectious causes of meningitis-like symptoms will 
need to be vetted.

In patients with cancer, metastatic disease in com-
partments of the CNS adjacent to the meninges may 
provoke clinical features similar to those seen in neo-
plastic meningitis. The bone structures surrounding 
the CNS, with special attention paid to the base of skull 

Table 1. — Frequent, Infrequent, and Rare Symptoms of Neoplastic Meningitis

Frequent Infrequent Rare

Cerebral  
symptoms

Communicating hydrocephalus6

Gait alterations 
Headache
Nausea
Seizure6,13

Vertigo
Vomiting

Altered mental status16

Nuchal rigidity3

Isolated mental change6

Noncommunicating hydrocephalus3

Photophobia
Seizure

Cranial 
nerve  
dysfunction 

Diplopia
Dysphagia
Facial hypoesthesia3,6

Hearing loss6

Hoarseness 
Hypoacusia
Ocular motility deficits9

Vision loss3,6,9

—

Bilateral tinnitus13

Numb chin syndrome
Vestibulocochlear nerve involvement3

Spinal  
symptoms

Bilateral/unilateral pain3

Loss of reflexes3,8,14

Paresis 
Motor deficits 
Weakness in extremities3,6

Incontinence3,8,14,15

Intestinal dysfunction3,8,14

Chest pain17

Other
— —

Asymptomatic10,12

Neoplastic meningitis presenting before primary cancer3,9,18
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as well as the dura and brain parenchyma, must be 
evaluated for metastatic disease that may or may not 
coexist with neoplastic meningitis.21

Paraneoplastic syndromes are a group of disor-
ders that can present in patients with cancer; many of 
these syndromes have symptoms resembling neoplas-
tic meningitis. Cerebellar degeneration, sensory neu-
ropathy, limbic encephalitis, myasthenia gravis, and  
Eaton-Lambert myasthenic syndrome are the most com-
mon paraneoplastic neurological syndromes, and their 
manifestation can precede a cancer diagnosis by years.22

A list of infectious agents should be included in the 
differential diagnosis of meningitis, with special inter-
est paid to those causing more chronic forms of menin-
gitis. This is because acute infections are generally less 
difficult to rule out based on their typical clinical and 
laboratory findings. However, the clinician must keep 
in mind that patients with leptomeningeal disease can 
also have acute infectious meningitis.

Bacteria that can cause chronic meningitis in-
clude Listeria monocytogenes, Rickettsia rickettsii, 
Tropheryma whippelii, and species of Actinomyces, 
Brucella, Ehrlichia, and Nocardia. Tuberculosis and 
spirochetal infections due to Borrelia burgdorferi, 
Treponema pallidum, and Leptospira species are also 
included in the differential diagnosis of chronic men-
ingitis, as are many viral infections (HIV, cytomega-
lovirus, Epstein-Barr virus, human T-cell lympho-
tropic virus types 1 and 2, herpes simplex virus [HSV; 
typically type 2 because type 1 causes encephalitis], 
varicella zoster virus, Enterovirus, paramyxovirus, 
West Nile virus, St Louis encephalitis virus, and lym-
phocytic choriomeningitis virus).23 Fungal infections 
should be acknowledged in the differential diagno-
sis and include the fungi Cryptococcus neoformans, 
Blastomyces dermatiditis, and Coccidioides immitis, 
as well as parasitic infections with Taenia solium, An-
giostrongylus schistosoma, Toxoplasma gondii, and 
Acanthamoeba species.23

Viral encephalitis or partially treated bacterial 
meningitis may have persistent symptoms that may 
be misleading. Recurrent meningeal inflammation 
(usually related to HSV type 2 infection) has also been 
described as Mollaret meningitis, with more than 
3 episodes of fever and meningismus lasting less than 
1 week and spontaneously resolving.24 Noninfectious, 
recurrent meningeal irritation may be related to an epi-
dermoid cyst or other intracranial cystic abnormalities, 
because they can lead to the intermittent leakage of 
irritating squamous material into the CSF.25

Infection of structures adjacent to the meninges, 
such as an epidural or subdural abscess, sinusitis, or 
otitis, should be ruled out. Occasionally, systemic in-
fections may have CNS complications such as brain mi-
croabscesses in bacterial endocarditis.

Autoimmune diseases are important to the dif-

ferential diagnosis of neoplastic meningitis. Sarcoid-
osis, systemic lupus erythematosus, granulomatosis 
with polyangiitis, Behçet disease, CNS vasculitis, 
and Vogt-Koyanagi-Harada syndrome can all present 
similarly to neoplastic meningitis.26 The same is true 
for multiple sclerosis, Creutzfeldt-Jakob disease, and 
other neurodegenerative diseases with a protracted 
clinical course.27

Drug-induced meningitis is another entity to rule 
out in the differential diagnosis. Symptoms and signs 
of aseptic meningitis can be induced by a number of 
medications, including nonsteroidal anti-inflamma-
tory drugs, certain antibiotics (eg, trimethoprim/
sulfamethoxazole), intravenous immunoglobulin, 
cetuximab, and antiepileptic drugs.28-31 In addition 
to drug-related symptoms and findings that mimic 
neoplastic meningitis, a neoplastic meningitis–like 
presentation can occur as a complication of treat-
ment (radiation-induced nerve root dysfunction  
with thickening).

Workup 
In patients presenting with symptoms suggestive of 
neoplastic meningitis, particularly if a diagnosis of can-
cer has not been established, the clinician must obtain 
the patient’s medical history. A travel history should 
also be taken, which could indicate an endemic infec-
tion such as coccidiomycosis if the patient has recently 
traveled to the southwestern United States or Mexico. 
Animal or arthropod exposure can lead the clinician 
to suspect conditions such as Lyme disease or lympho-
cytic choriomeningitis, and a history of unpasteurized 
dairy product consumption, contact with cattle, or 
both may point to brucellosis.

Involvement in risky sexual behaviors and intra-
venous drug use could suggest infection with HSV 
type 2, HIV, or syphilis, and a history of contact with 
other individuals with suspect symptoms or conditions 
(eg, enterovirus infection, tuberculosis) can be helpful 
for the differential diagnosis. A medication list must 
also be obtained (eg, nonsteroidal anti-inflammatory 
drugs, immunoglobulin).

Scrutiny in the review of systems may reveal 
symptoms indicative of an etiology other than neo-
plastic meningitis. Patients who are acutely ill with 
fever are more likely to have bacterial meningitis or a 
form of aseptic meningitis than neoplastic meningitis, 
which, in turn, would be expected to have a more in-
sidious presentation. If the non-neurological systemic 
symptoms present are not related to a known cancer 
diagnosis, the likelihood of neoplastic meningitis is 
low. Uveitis, iritis, or both are suggestive of sarcoidosis, 
Behçet disease, or Vogt-Koyanagi-Harada syndrome 
(as well as vitiligo and poliosis for the latter). Diabetes 
insipidus and peripheral facial nerve palsy are also in-
dicative of sarcoidosis. Recurrent genital ulcers related 
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to Behçet disease and herpetic skin and genital lesions 
may precede neurological signs in herpetic meningo-
encephalitis. Skin rash and purpura are typical skin 
findings in Neisseria meningitides infection. Entero-
viral infection, primary HIV infection, or syphilis may 
present with a diffuse maculopapular rash. Salivary 
gland inflammation is seen in mumps, and pharyngeal 
inflammation in conjunction with sores and encepha-
lopathy are signs of primary HIV infection.

Laboratory Tests
CSF cytology is the diagnostic cornerstone of neo-
plastic meningitis because it has a high rate of spec-
ificity.32 In rare cases, viral infections can cause 
false-positive results when a patient is evaluated for 
neoplastic meningitis as a result of a hematological 
malignancy, but not for solid tumor–related neoplas-
tic meningitis.33 A negative finding on cytology does 
not exclude neoplastic meningitis if the clinical pre-
sentation and findings on imaging are suggestive of 
the disease, but it is unusual to have neoplastic men-
ingitis in conjunction with a normal CSF cell count 
and normal findings on biochemistry.34

Pleocytosis in CSF has been observed in many  
clinical entities resembling neoplastic meningitis. In  
1 study, a CSF neutrophilic white blood cell count of 
1180 cells/μL, a protein level above 220 mg/dL, and a 
glucose level below 34 mg/dL were suggestive of bac-
terial meningitis in the appropriate clinical setting.35 It 
is possible that different white blood cell populations 
could indicate the diagnosis without being a hallmark 
for it. Fungal infections (eg, nocardiosis, actinomycosis, 
aspergillosis), autoimmune disease (eg, systemic lupus 
erythematosus), and chemical or drug-induced menin-
gitis are related to predominantly neutrophilic CSF pleo-
cytosis. In 1 study using flow cytometry immunopheno-
typing to describe the distribution of the main leukocyte 
populations in patients with neoplastic meningitis, solid 
tumor–related neoplastic meningitis showed prominent 
neutrophilic pleocytosis when compared with lympho-
ma-associated neoplastic meningitis.36

A high CSF lymphocyte count can be seen with-
in 24 hours of enteroviral infection.37 Eosinophils in-
crease when the following are present: parasitic and 
bacterial infestations (eg, Mycobacterium tuberculosis, 
Mycoplasma pneumoniae, Rickettsia rickettsii), hema-
tological malignancies (acute lymphocytic leukemia, 
Hodgkin lymphoma), subarachnoid hemorrhage, and 
obstructive hydrocephalus.38 Mononuclear pleocytosis 
can be seen in tuberculosis, cryptococcal infections 
(with a low CSF white blood cell count), and coccidio-
mycosis. Traumatic lumbar puncture or subarachnoid 
bleeding can cause generalized transient seizures and 
an increase in the white blood cell count.

CSF should be sent for routine Gram stain, which 
has rates of sensitivity and specificity of 97% and 80%, 

respectively, for bacterial meningitis; cultures should 
be obtained for aerobic, anaerobic, and fungal infec-
tions; blood cultures and other samples should also be 
collected as clinically indicated.39 Additional CSF tests 
to consider include β-D-glucan for Candida meningi-
tis, mycobacterial cultures with acid-fast bacilli smear, 
and other tests based on the differential diagnosis 
(eg, polymerase chain reaction), fungal and parasitic 
assays (eg, Cryptococcus, Toxoplasma, Taenia), and 
serology and virus-detection assays.40,41

Biochemistry of the CSF can also be helpful. CSF 
lactate concentration may differentiate bacterial from 
viral meningitis better than white blood cell count, 
glucose level, and protein concentration, although CSF 
lactate may be elevated in patients with other CNS dis-
eases.42,43 The level of protein can be elevated in many 
infectious and noninfectious diseases as well as in 
traumatic lumbar puncture and subarachnoid bleed-
ing. Creatinine kinase and lactate dehydrogenase 
(LDH) CSF levels are also high in pyogenic or tubercu-
lar meningitis.44

Typically, the presence of xanthochromia is as-
sessed to distinguish a traumatic tap from subarach-
noid hemorrhage, but it can also be found in neoplastic 
meningitis from malignant melanoma.45

Oligoclonal bands may suggest multiple sclerosis, 
although they are also present in other conditions (eg, 
Lyme disease, autoimmune diseases, brain malignan-
cies, lymphoproliferative diseases).46 CSF Tau proteins 
and 14-3-3 protein levels can help in the diagnosis of 
Creutzfeldt-Jakob disease.27 Detection of paraneoplas-
tic syndrome–related antibodies in the serum or CSF 
may help reach a diagnosis. Anti-Yo, anti-Hu, anti-Ri, 
anti-N-methyl-D-aspartate receptor antibody, anti-
Musk, or antibodies against acetylcholine receptors or 
voltage-gated calcium channels may also be helpful.

The level of CSF glucose is typically low in neoplas-
tic meningitis, similar to other pathological conditions 
(bacterial meningitis and mycobacterial, mycoplasma 
and fungal CNS infections, meningoencephalitis due to 
mumps, infection with enteroviruses, lymphocytic cho-
riomeningitis virus, HSV, or varicella zoster virus, sub-
arachnoid hemorrhage, and neurosarcoidosis).

Although it is not routinely recommended, menin-
geal biopsy can be performed for diagnostic purposes 
if findings on both cytology and imaging are negative 
in a patient with a strongly suggestive clinical syn-
drome.47,48 The findings can be diagnostic, especially if 
taken from an area of contrast enhancement on mag-
netic resonance imaging (MRI). Pathology will show 
macroscopically diffuse, fibrotic thickening of the af-
fected area of the brain and spinal cord as well as layer-
ing of the nerve roots with tumor tissue. Microscopic 
examination shows local fibrosis with tumor cells cov-
ering the blood vessels and nerves, either as a single 
layer or as aggregates.
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Imaging in Differential Diagnosis
MRI of the craniospinal axis with paramagnetic con-
trast is useful in detecting neoplastic meningitis and 
has a sensitivity rate of up to 88% in solid tumors.10

Findings on MRI do not confer a definitive diag-
nosis because they are nonspecific. Neurosarcoidosis, 
chronic meningitis, Guillain-Barre syndrome, and 
many infectious cases of meningitides can cause the 
linear leptomeningeal enhancement seen on MRI.49 
Bacterial and viral meningeal inflammation tends to 
appear as linear enhancement, whereas fungal inflam-
mation is generally nodular.50 Primary nerve sheath 
tumors in the subarachnoid space may also appear as 
areas of nodular enhancement.50 In addition, lumbar 
puncture can indicate false-positive meningeal en-
hancement seen at the level of puncture and at higher 
levels and can persist for months, so it is important to 
obtain MRI prior to performing lumbar puncture.51 Du-
ral metastases, intracranial hypotension, granulomas, 
and meningiomas can appear as pachymeningeal lin-
ear or nodular enhancement that can be falsely inter-
preted as neoplastic meningitis.50

Radiology
Typically, the diagnosis of neoplastic meningitis is 
based on findings from symptomatology, CSF cytology, 
and neuroimaging studies (eg, gadolinium-enhanced 
MRI of the brain and spine). Gadolinium-enhanced 
MRI is the first study obtained in a patient with a sys-
temic malignancy and neurological symptoms. Fre-
quently, neoplastic meningitis is discovered at the 
same time as parenchymal CNS disease (38%–83%).52 
In many such cases, radiological findings in the brain 
parenchyma are not explained by the neurological 
symptoms, thus leading to further investigation with 
CSF cytology.

Historically, imaging to investigate neoplastic men-
ingitis involved computed tomography (CT) with a my-
elogram; however, since the advent of MRI — which is 
more sensitive than CT — CT is only used in patients 
who have a contraindication to MRI. MRI performed 
to investigate the CNS for neoplastic meningitis should 
be multiplanar, obtained before and after the ad-
ministration of gadolinium 0.1 mmoL/kg in at least a  
1.5 Tesla scanner (gadolinium-enhanced MRI), pref-
erably with thin cuts in the brainstem, and should in-
clude the entire neuraxis. Revealing sequences include 
contrast-enhanced fluid-attenuation inversion recovery 
and contrast-enhanced T1-weighted sequences.2

Findings
Not all patients with neoplastic meningitis demonstrate 
positive findings. In 1 study, 66% of patients with neo-
plastic meningitis demonstrated findings on MRI.14 
Such findings include ependymal, leptomeningeal, and 
dural enhancement. Observations seen the cranium 

may include enhancement or thickening of the cranial 
nerves, small superficial metastases in the sulci, linear 
enhancement of the leptomeninges of the cerebellum 
or the basal cisterns, or ventricular dilation consistent 
with communicating (nonobstructive) hydrocephalus. 
In the vertebral column, intradural, nodular enhance-
ment — particularly but not exclusively in the cauda 
equina — is the hallmark of neoplastic meningi-
tis (Fig 1).53 Lumbar or sacral nerve roots may appear 
thickened and associated intramedullary disease may 
be present. Irritation of the meninges can lead to men-
ingeal enhancement, so lumbar puncture should be 
performed following MRI.8 Other false-positive results 
can occur because of ischemia, infection, inflamma-
tion, hemorrhage, irritants, radiotherapy, chemother-
apy, granulomas, trauma, or hypoxia (Fig 2). Previous 
therapy with bevacizumab can affect enhancement.3 
Atypical presentation in the form of symmetrical, 
curvilinear, band-like edema along the surface of the 
brain stem has also been described.53

Results from a study showed that findings on MRI 
differ according to clinical presentation.12 Thus, study 
patients with no neurological symptoms or signs were 
unlikely to have radiological findings (14%), whereas 
study patients with cranial nerve (33%), spinal cord 

Fig 1. — Positive findings of neoplastic meningitis seen on MRI of the 
spine of a woman aged 45 years with metastatic melanoma. She had 
been receiving ipilimumab therapy and had been in remission for 5 years 
when she presented with headache, diplopia, twitching, and numbness 
of the face. CSF was positive for neoplastic meningitis. The patient un-
derwent surgery for Ommaya shunt placement. During the operation, the 
brain was covered with a thick yellow layer of metastatic melanoma cells. 
Linear, meningeal-enhanced thickening can be seen on T1-weighted, 
gadolinium-enhanced spinal MRI representing leptomeningeal disease 
(white arrow). The spinal cord appears to be infiltrated by the disease 
below that level.
CSF cerebrospinal fluid, MRI = magnetic resonance imaging.
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(53%), cerebral (66%), and multilevel abnormalities 
(83%) were more likely to have findings on MRI.12

MRI tends to be less reliable than cytology be-
cause the latter has a high rate of specificity but a low 
rate of sensitivity. Thus, gadolinium-enhanced MRI is 
commonly used to support the diagnosis, rather than 
be used as the sole indicator.14 In 1 study, 31% of pa-
tients were diagnosed based on symptomatology and 
radiological findings when cytology findings were 
negative.14 The study also suggests that MRI-proven 
leptomeningeal seeding is an indicator of poor prog-
nosis and could be used to identify response to intra-
thecal chemotherapy.

A small study of 68 patients with suspected neo-
plastic meningitis compared the diagnostic abil-
ity of gadolinium-enhanced MRI and CSF cytology  
and found that the overall sensitivity rate of gadolin-
ium-enhanced MRI in neoplastic meningeal disease 
was significantly lower than that of CSF cytology 
(45.5% vs 93.2%); however, in neoplastic meningitis 
from solid tumors, both methods had a sensitivity rate 
of 84.6%.2 The authors suggest that MRI alone can be 
used to diagnose neoplastic meningitis in this setting. 
In leukemia and lymphoma, the rates significantly de-
creased to 20% and 37.6%, respectively.2 Furthermore, 

the positive predictive value of MRI in differentiat-
ing between infectious and malignant meningitis was 
highest in lymphoma (83.3%), high in solid tumors 
(72.7%), but low in leukemia (33.3%).2

Other MRI techniques, such as perfusion, may 
add to the potential for radiographic diagnosis.54 One 
group tested the value of magnetic resonance spectros-
copy for diagnosing neoplastic meningitis, and they 
found that magnetic resonance spectroscopy fared bet-
ter than CSF cytology from the first lumbar puncture in 
identifying neoplastic meningitis.55,56

Other Imaging Tests
CT myelography preceded MRI as the diagnostic im-
aging technique for neoplastic meningitis. Although 
CT myelography is not as sensitive as gadolinium-en-
hanced MRI, it can reveal nerve root thickening, cord 
enlargement, and CSF flow abnormalities better than 
MRI.52 In general, it is performed with a water-based, 
nonionic dye injected via lumbar puncture; however, if 
a block is suspected, then the injection is administered 
using a lateral cervical route. These 2 techniques are 
comparable, and CT can be used as an alternative to 
MRI when the latter is contraindicated.6

If possible, CSF pathway blockage should be eval-
uated (present in 31% to 61% of neoplastic meningitis 
cases) by performing a radionuclide cisternogram.6  
Indium-diethylenetriamine penta-acetic acid or mac-
roaggregated albumin may be used to assess the flow 
of CSF, which is abnormal in 30% to 40% of patients 
with neoplastic meningitis.6 This nuclear medicine 
study is performed with a lumbar injection of the 
radionuclide followed by serial imaging of its flow 
to rule out a block to the flow of CSF. The results of 
such a test are important as they may have therapeu-
tic implications because blockage remediation with 
radiotherapy will allow for a uniform distribution of  
intra-CSF chemotherapy.57 Although its use is includ-
ed in clinical practice guidelines, radionuclide cis-
ternogram is not routinely used and other MRI tech-
niques may obviate its need.6

A few isolated case reports have been published 
in which positron emission tomography (PET)/CT has 
been useful in the diagnosis of neoplastic meningi-
tis.58-61 Fluorodeoxyglucose, thymidine, or methionine 
has been used when MRI and cytology failed, but the 
results of these reports are not enough to establish a 
role for PET/CT in this setting.58-61

Response Assessment in Neuro-Oncology
No method of quantifying neoplastic meningitis has 
been described, so no systematic method exists to 
evaluate a radiographic response to therapy. During 
the course of our research, we have found that many 
studies do not include repeat MRI after diagnosis. 
Chamberlain et al52 are developing criteria for the as-

Fig 2. — False-positive findings on MRI of the spine in a woman aged 
52 years with breast cancer and metastatic bone disease. MRI was 
obtained to evaluate her bone lesions. She had uptake in the menin-
ges in the thoracic and lumbar spine. CSF was negative for neoplas-
tic meningitis on serial lumbar punctures. She died from the disease  
2 years after MRI was obtained. A diagnosis of neoplastic meningitis was 
never confirmed, nor was she treated for neoplastic meningitis. Linear, 
meningeal-enhanced thickening can be observed on T1-weighted, gado-
linium-enhanced spinal MRI (white arrow). This finding is sometimes mis-
taken for neoplastic meningitis. An artifact (black dot) can also be seen.
CSF = cerebrospinal fluid, MRI = magnetic resonance imaging.
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sessment of therapeutic response in the setting of car-
cinomatous meningitis.

Diagnosis
Neoplastic meningitis remains underdiagnosed.62 To 
make the diagnosis, clinicians should consider the clin-
ical presentation, findings on laboratory studies, and 
observations on imaging.

Lumbar Puncture
Cytology: The standard diagnostic test for neoplastic 
meningitis remains the cytological identification of 
malignant cells in CSF. MRI appears to be sensitive 
for detecting metastatic deposits along the neuraxis. 
However, metastases at a microscopic level are below 
the resolution available for MRI, which may explain 
why MRI is less sensitive in detecting neoplastic men-
ingitis than CSF cytology.62 Malignant cells go unde-
tected in up to one-third of patients who have clinical 
or radiographic evidence of neoplastic meningitis.62 
Novel assays are being tested that may enhance the 
early identification of malignant cells in CSF.63-65 Until 
then, the diagnosis is generally made after the onset 
of neurological manifestations, which have a rapidly 
fatal course for many patients.5 When symptoms ap-
pear, most tumors have widely disseminated through-
out the meninges.

Positive findings on CSF cytology require optimal 
sampling and processing. Malignant cells can be found 
in the initial lumbar puncture sample in 50% to 70% 
of patients and in nearly all cases after 3 attempts.32 
Performing lumbar puncture to obtain CSF can — and 
likely should — be repeated until findings are posi-
tive if the patient has no evidence of obstructive hy-
drocephalus. In the setting of communicating hydro-
cephalus, lumbar puncture can be performed and CSF 
diversion through lumbar puncture or ventriculostomy 
would be indicated. Contradictions to lumbar puncture 
include bleeding diathesis, skin infections at the punc-
ture site, and vertebral or other skeletal deformities 
(scoliosis or kyphosis).66 The procedure should only be 
performed by experienced clinicians.66 

Gadolinium-enhanced MRI of the area of maxi-
mal symptomatology should precede lumbar puncture, 
because the latter may lead to false-positive results on 
MRIs. Cytology of the CSF obtained by lumbar punc-
ture is more likely to be positive than CSF obtained 
using a ventricular catheter if spinal cord–related 
symptoms are present and vice versa if cranial-related 
symptoms are present.67 Periodic lumbar puncture is 
recommended in the follow-up of patients with neo-
plastic meningitis, even in those with ventricular 
catheters, because cytology results have high rates of 
false-negative results when using samples taken from 
ventricular catheters.32,67

Essential elements of the CSF laboratory evalua-

tion include cell count and differential, cytology, pro-
tein, and glucose concentrations (Table 2). In patients 
who have primary solid tumors, a finding of malig-
nant cells in the CSF is evidence of leptomeningeal 
metastases. In approximately 50% of patients with 
leptomeningeal metastases, the CSF opening pres-
sure will be elevated.68 Similarly, most patients with 
leptomeningeal metastases have elevated protein lev-
els and increased CSF cell counts.68 A low CSF glucose 
level (hypoglycorrhachia) is seen in 30% of patients 
with leptomeningeal metastases.68 However, these ab-
normal CSF findings alone are nonspecific and may 
be present in various disorders.

Carcinoma cells in the CSF are diagnostic, with the 
exception of certain false-positive results in patients 
who have reactive lymphocytes (which are difficult to 
distinguish from malignant lymphomatous cells) be-
cause of an infectious or inflammatory process in the 
CSF. However, negative findings on cytology do not rule 
out the diagnosis, because 30% of patients with lepto-
meningeal disease have a negative cytological result on 
the first sample obtained via lumbar puncture.32 This 
percentage decreases to 15% after 2 high-volume lumbar 
punctures and then 10% after 3 lumbar punctures.32

Cytological findings are more likely to be positive 
in patients with extensive leptomeningeal involve-
ment than in patients with focal involvement because 
CSF obtained from a site distant to the lesion is less 
likely to yield a positive finding on cytology.32 Other 
causes of false-negative results can include an inad-
equate sample (< 10.5 mL CSF) and delayed processing 
of samples. CSF pleocytosis and modest protein eleva-
tions are consistent with but not indicative of the diag-
nosis, whereas reduced glucose levels usually are seen 
with neoplastic meningitis (ie, abnormal glucose trans-
port) or infection (ie, increased glucose utilization). 

Table 2. — Findings on Examination of the Cerebrospinal Fluid

Laboratory Study Valuea

Pressure > 150 mm H2O

White blood count > 4 cells/mm3

Solid tumors: Most frequently neutrophils, 
mononuclear cells, or both
Lymphomas: Mostly lymphocytes

Protein > 50 mg/dL

Glucose < 40 mg/dL

Cytology Positive

Flow cytometry Hematological malignancies
Monoclonal λ or κ light chain
B-cell lineage
Chromosomal abnormalities
Solid tumors not useful

aIndicative of frequently used cut-offs values.
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The lymphocyte count is elevated in more than 50% 
of patients with neoplastic meningitis, and the pres-
ence of eosinophils in a patient with clinical evidence 
of neoplastic meningitis is suspicious for lymphoma-
tous infiltration, although eosinophilia can also her-
ald a number of other conditions that should be enter-
tained in the differential diagnosis.69 Xanthochromia 
can occur from leptomeningeal bleeding and is seen 
more frequently in neoplastic meningitis from mela-
noma.45 Several series have demonstrated that, in some 
cases, serial CSF sampling via lumbar puncture or sam-
pling from alternate sites (eg, cisternal, ventricular) is 
required to detect malignant cells.11,67,70,71 LDH concen-
trations are elevated in cases of stroke, bacterial men-
ingitis, CSF pleocytosis, head injury, primary CNS tu-
mors, and some metastases.44,72 Levels of LDH are also 
elevated in 80% of neoplastic meningitis; therefore, they 
can be useful in confirming the diagnosis.72 LDH iso-
enzyme 5 levels are elevated in neoplastic meningitis 
from breast or lung primary tumors and melanoma, 
as well as bacterial meningitis, although they can be 
normal even when cytological findings are positive.73 
Ferritin levels are sensitive to inflammatory changes 
in the CSF, but they are nonspecific for early neoplas-
tic meningitis, whereas CSF alkaline phosphatase lev-
els may be elevated in neoplastic meningitis due to 
lung primary tumors. 70,74,75

Tumor Markers and Metabolomics
Most tumor markers in CSF have poor rates of sensitiv-
ity and specificity76; however, if they are present, then 
their levels should decline with successful therapy. 
Their re-elevation can cause disease relapse before any 
other findings become apparent. Useful markers in-
clude carcinoembryonic antigen in adenocarcinomas, 
α-fetoprotein and β-human chorionic gonadotropin in 
germ cell tumors, 5-hydroxyindoleacetic acid in car-
cinoid tumors, and immunoglobulins in multiple my-
eloma; their presence in CSF is diagnostic.77,78 Levels 
of CSF β-2-microglobulin may be useful in detecting 
neoplastic meningitis caused by hematological spread 
but not in neoplastic meningitis from solid tumors.79 
Levels may also be elevated after treatment with intra-
thecal methotrexate.80 Prostate-specific antigen may 
be elevated in neoplastic meningitis from a prostate 
primary tumor.81,82

Nonspecific markers can be strong, indirect indi-
cators of neoplastic meningitis, but none are sensitive 
enough to improve on the cytological diagnosis.5 Epi-
thelial-associated glycoprotein is present in up to 90% of 
neoplastic meningitis cases.83 Cytokeratins measured by 
tissue polypeptide antigen and tissue polypeptide-spe-
cific antigen have a sensitivity rate of 80% to neoplastic 
meningitis from breast cancer.84 Neither carcinoembry-
onic antigen nor β-glucuronidase is helpful in detecting 
solid tumors or metastases, nor are these values useful 

in detecting leptomeningeal lymphomatosis. However, 
if their levels are elevated when neoplastic meningitis is 
diagnosed, then a return to normal levels of both mark-
ers signifies successful treatment.85,86

CSF β-glucuronidase values are frequently el-
evated, but wide fluctuations make it unreliable as 
a marker, and elevations can also occur with bacte-
rial, viral, fungal, or tubercular meningitis. However, 
in association with an elevated LDH level, high CSF 
β-glucuronidase levels can indicate neoplastic menin-
gitis from a breast primary tumor with high sensitivity 
and specificity rates. CSF fibronectin and myelin basic 
protein values can be elevated in neoplastic meningitis, 
bacterial meningitis, tick-borne encephalitis, multiple 
sclerosis, trauma, and a number of other conditions.87,88 
Epidermal growth factor, vascular endothelial growth 
factor, and antithrombin 3 have been suggested as 
useful biomarkers, although antithrombin 3 has been 
evaluated in primary CNS lymphoma but not neoplas-
tic meningitis.89-91 Other markers such as creatinine 
kinase BB, tissue polypeptide antigen, and β-2 micro-
globulin are all indirect indicators of neoplastic men-
ingitis and are still not sensitive enough to improve on 
findings seen on cytology.91-93

The metabolome of CSF could be of use in detect-
ing neoplastic meningitis. Use of nuclear magnetic res-
onance spectroscopy based on variation seen in CSF 
metabolites is encouraging for the early detection of 
neoplastic meningitis in an animal model and now in 
humans.55,56 The proteomics in CSF samples of children 
with acute lymphoblastic leukemia were used to pre-
dict CNS clot formation, and mass spectrometry of CSF 
in the setting of glioma was associated with glioma 
grade and prognosis.94,95 However, the diagnostic path 
of proteomics in CSF must be further explored.

Flow Cytometry
Other useful adjuncts to CSF cytology include flow 
cytometry, measuring of immunophenotype, fluores-
cence in situ hybridization, chromosomal analysis, 
and immunohistochemical studies of tumor cells. The 
underlying diagnostic utility of such studies depends 
on the underlying systemic malignancy. For example, 
lymphocytes in the CSF may not be identifiable as ma-
lignant by the cytopathologist, but a demonstration 
of monoclonality (λ- or κ-light chain–directed mono-
clonal antibody analysis), B-cell lineage, or a specific 
chromosomal abnormality may differentiate leukemic 
or lymphomatous meningitis from a normal or reac-
tive T-cell population96; however, additional research 
is necessary. Glial fibrillary acidic protein assessed by 
immunohistochemistry in CSF may facilitate the identi-
fication of malignant glial cells.1,63-65,97

Several studies have demonstrated that the sen-
sitivity of flow cytometry is several-fold higher than 
that of cytology for detecting CSF leukemia or lym-
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phoma.98,99 Flow cytometry allows for the early detec-
tion of neoplastic meningitis before the onset of clini-
cal symptoms and CSF pleocytosis; therefore, its use 
may enable more effective treatment. Patients with 
negative findings on cytology but positive findings on 
flow cytometry are often asymptomatic and have low-
er CSF cell counts and fewer neoplastic B cells when 
compared with patients whose cytology findings are 
positive.100 Future consensus regarding standardized 
antibody panels for flow cytometry that uniformly de-
fine positivity is likely to advance the early detection of 
neoplastic meningitis and will help permit its broader 
clinical applicability.1,63-65

Another group of researchers studied patients 
with epithelial cell cancers to explore how flow cy-
tometry immunophenotyping contributed to the di-
agnosis and prognosis of neoplastic meningitis.101 
CSF samples from patients diagnosed with neoplas-
tic meningitis were studied using flow cytometry im-
munophenotyping. Expression of EpCAM was used 
to identify the epithelial cells. The prognostic value 
of flow cytometry immunophenotyping was evalu-
ated in 72 patients diagnosed with neoplastic menin-
gitis and eligible for therapy.101 Compared with cytol-
ogy, flow cytometry immunophenotyping had greater 
sensitivity and negative predictive value (80% vs 50% 
and 69% vs 52%, respectively), but lower specificity 
and positive predictive value (84% vs 100% and 90% 
vs 100%, respectively).101 The multivariate analysis 
revealed that the percentage of CSF EpCAM-positive 
cells predicted an increased risk of death.101 A cut-off 
value of 8% EpCAM-positive cells in the CSF distin-
guished 2 groups of patients with statistically signifi-
cant differences in overall survival (P = .018).101 This 
cut-off value kept its statistical significance regardless 
of the absolute CSF cell count. 

In another study, EpCAM-based flow cytometry 
showed 100% sensitivity and 100% specificity rates in 
detecting neoplastic meningitis compared with a sen-
sitivity rate of 61.5% for cytology.102 Although this study 
was limited by a small number of participants (n = 29), 
its results suggest that flow cytometry warrants further 
study for diagnosing neoplastic meningitis.102

However, a caveat to the use of flow cytometry 
on CSF samples is its low cell number and subopti-
mal cell environment, meaning that cancer cells de-
generate following their in situ removal and even 
more so when repeatedly centrifuged. Other poten-
tially significant limitations of flow cytometry include 
a high rate of false-positive results at low cell counts  
(< 25 cells/μL) and an inability to provide differential 
data (poor differentiation between monocytes and eo-
sinophils and an inability to detect mitoses and neo-
plastic cells).103,104 Thus, the clinical use of flow cytom-
etry for the detection of neoplastic cells in the CSF is 
limited by variations in the equipment and methods. 

The implementation of standardized protocols across 
clinical laboratories will be necessary before flow cy-
tometry can be routinely implemented in clinical prac-
tice over conventional cytology.101

Fluorescence In Situ Hybridization
Fluorescence in situ hybridization can potentially aid in 
the diagnosis of leptomeningeal disease in patients with 
cancer.105,106 It has been used to identify genetic chang-
es in cancer cells from the CSF. For example, cells from 
13 of 15 neoplastic meningitis CSF samples in 1 study 
showed numerical chromosomal abnormalities com-
pared with no chromosomal abnormalities observed in 
the 10 control samples.107 The study was limited by the 
use of patients who had already been diagnosed with 
cytology, thus suggesting that fluorescence in situ hy-
bridization was less sensitive than cytology.107

Circulating Tumor Cells and Tumor DNA in Cere-
brospinal Fluid
An analysis of CSF circulating melanoma cells was per-
formed using immunomagnetic enrichment of cells ex-
pressing CD146 to diagnose neoplastic meningitis.108 
Enumeration of circulating melanoma cells in the CSF 
was correlated with CSF cytology obtained during 
the same lumbar puncture and with results on MRI. 
Among the negative CSF circulating melanoma cells, 
no study patient had neoplastic meningitis and 3 had 
brain metastasis.108 It is worth mentioning that new 
technologies to collect CSF circulating cancer cells are 
being evaluated because they have been shown to per-
form better than cytology in detecting neoplastic men-
ingitis in patients with lung cancer.109

Lin et al110 presented the validation of CSF cir-
culating tumor cells (CTCs) to diagnose neoplastic 
meningitis from epithelial tumors in patients sus-
pected of having the disease. MRI and CSF analyses 
were performed using conventional cytology and 
enumeration of CSF CTCs for all study participants. 
Samples were considered positive for CSF CTCs 
when at least 1 CSF CTC was detected in a 3-mL 
sample (≥ 0.33 CSF CTCs/mL). The diagnostic per-
formance of CSF CTCs was evaluated, and the gold 
standard was either a positive finding on CSF cytolo-
gy or unequivocal findings on MRI. The rates of sen-
sitivity were 95% for CSF CTCs compared with 81% 
for CSF cytology alone and 62% for MRI alone.110 The 
rate of specificity was 83%.110 Thus, this method had 
superior diagnostic performance when compared 
with CSF cytology or MRI.

A study of circulating tumor DNA in CSF was also 
published in patients with leptomeningeal disease.111 
Detecting tumor-derived, cell-free DNA in the blood 
of patients with brain tumors is challenging, presum-
ably owing to the blood–brain barrier. The CSF may 
serve as an alternative “liquid biopsy” of brain tu-
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mors by allowing circulating DNA within the CSF to 
be measured so that tumor-specific mutations can be 
characterized. Many aspects about the characteristics 
and detectability of tumor mutations in CSF remain 
undetermined. Because CSF circulates through the 
CNS and interfaces with the brain as well as malig-
nant tissues, CSF can potentially carry cell-free DNA 
and CTCs. Although cytology requires morphologi-
cally intact tumor cells for positive findings, cell-free 
DNA can presumably originate from dying but not 
CTCs anatomically distant from the site of CSF col-
lection. Some studies have examined the nucleic ac-
ids in the CSF of individuals with brain tumors by 
using methods based on polymerase chain reaction, 
but the characteristics of CSF tumor cell-free DNA 
have not been comprehensively investigated using  
high-throughput sequencing.111,112

Methylation of promoter 2 of SHP1 in CSF was 
used as a detector of neoplastic meningitis related to 
epithelial-derived malignancy with a much higher rate 
of sensitivity than cytology.113

Conclusions
In many cases, neoplastic meningitis presents with 
various neurological symptoms that are not always at-
tributable to a single area of the central nervous sys-
tem. Although the disease must be differentiated from 
paraneoplastic and infectious syndromes, the diagno-
sis is not difficult to identify in a patient with advanced 
malignancy. However, a definitive diagnosis is more 
elusive, because both radiology and cytology findings 
of the cerebrospinal fluid may not yield adequate proof 
of neoplastic meningitis. Persistence on the part of the 
clinician is required so that the diagnosis can be estab-
lished and therapy can be initiated. The complexity of 
establishing the diagnosis cannot be understated, as 
multiple false-negative results on cytology and imag-
ing may not necessarily exclude neoplastic meningitis. 
Thus, the diagnosis may depend on clinical judgment 
and experience.6 To help aid in the diagnosis, newer 
techniques are being investigated to facilitate the diag-
nostic process.
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Therapeutic options for neoplastic  

meningitis include systemic therapy, the 

intra-CSF administration of chemotherapy, 

and CNS site-specific radiotherapy.

Neoplastic Meningitis Due to Lung, Breast, and  
Melanoma Metastases
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Background: Neoplastic meningitis, a central nervous system (CNS) complication of cancer metastatic to the me-
ninges and cerebrospinal fluid (CSF), is relevant to oncologists due to the impact of the disease on patient quality 
of life and survival rates. 
Methods: A review of the literature of articles published in English was conducted with regard to neoplastic meningitis.
Results: The incidence of neoplastic meningitis is increasing because patients with cancer are surviving longer 
in part because of the use of novel therapies with poor CNS penetration. Up to 5% of patients with solid tumors 
develop neoplastic meningitis during the disease course (breast cancer, lung cancer, and melanoma being the 
predominantly causative cancers). The rate of median survival in patients with untreated neoplastic meningitis is 
1 to 2 months, although it can be as long as 5 months in some cases. Therapeutic options for the treatment of neo-
plastic meningitis include systemic therapy (cancer-specific, CNS-penetrating chemotherapy or targeted therapies), 
intra-CSF administration of chemotherapy (methotrexate, cytarabine, thiotepa) and CNS site-specific radiotherapy. 
Determining whom to treat with neoplastic meningitis remains challenging and, in part, relates to the extent of sys-
temic disease, the neurological burden of disease, the available systemic therapies, and estimated rates of survival. 
Conclusions: The prognosis of neoplastic meningitis remains poor. The increasing use of novel, targeted therapies 
and immunotherapy in solid tumors and its impact on neoplastic meningitis remains to be determined and is 
an area of active research. Thus, well conducted trials are needed.

Introduction
Neoplastic meningitis, also known as leptomenin-
geal metastasis or carcinomatous meningitis, reflects 
the metastatic infiltration of the cerebrospinal fluid 
(CSF) and leptomeninges (pia and arachnoid) by can-

cer. Neoplastic meningitis is the third most common 
cause of central nervous system (CNS) metastases 
after brain metastases and epidural spinal cord com-
pression.1 The diagnosis and treatment of neoplastic 
meningitis are of clinical relevance due to their im-
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pact on patient quality of life and rate of survival.
The incidence of neoplastic meningitis is increas-

ing due in part to improved rates of survival, because 
more effective systemic agents with poor CNS pen-
etration are being used.2,3 Up to 5% of patients with 
solid tumors will develop neoplastic meningitis dur-
ing the course of their disease.4 The incidence of un-
diagnosed neoplastic meningitis may be 40% or more 
in solid tumors.5

Among solid tumors, breast cancer (12%–35% 
of all cases of neoplastic meningitis), lung cancer  
(10%–26%), and melanoma (5%–25%) represent the 
most common causative cancers that result in neo-
plastic meningitis.4,6-9 Due to its high incidence, 
breast cancer is the most common cause of solid tu-
mor–related neoplastic meningitis, with an estimated 
occurrence of 3% to 5%.4 The incidence of neoplastic 
meningitis in non–small-cell lung cancer (NSCLC) is 
approximately 1% to 3%.4,7 Neoplastic meningitis may 
be observed in up to 20% of patients with metastatic 
melanoma.4,7 Neoplastic meningitis is diagnosed in 
most patients (70% overall) with active systemic dis-
ease; however, neoplastic meningitis can present as 
the first site of metastatic disease after a disease-free 
interval (20%) or may be the first manifestation of 
cancer (5%).4,8 

Physiopathology
Tumor cells invade the leptomeninges and CSF by 
various means, including via hematogenous spread 
(either through arterial dissemination or through the 
Batson venous plexus), endoneural/perineural or 
perivascular lymphatic spread, and direct extension 
from the brain parenchyma or choroid plexus. Pri-
mary leptomeningeal tumors may be also observed, 
particularly with melanoma.9

After entering the subarachnoid space, cancer 
cells disseminate through the neuraxis via the dy-
namic flow of the CSF and metastasize to multiple 
sites in the CNS.4 Tumor cell infiltration of the CSF 
predominates at the base of the brain, the dorsal 
spinal cord, and the cauda equina.8 Two pathologi-
cal patterns of neoplastic meningitis can be distin-
guished and are often related: (1) subarachnoid or in-
traventricular nodular disease, and (2) nonadherent 
malignant cells suspended and circulating in CSF 
(ie, circulating tumor cells [CTCs]).6

Risk Factors
Several studies have reported a higher incidence 
of neoplastic meningitis after surgical resection for 
brain metastases compared with primary treatment 
(radiotherapy).10,11 Thus, surgical resection, particu-
larly of cerebellar brain metastasis, may increase the 
risk of developing neoplastic meningitis. In addition, 
when supratentorial brain metastasis is resected 

and a ventricle is entered, this appears to increase 
the risk of CSF dissemination.11,12 An increased inci-
dence of neoplastic meningitis has also been report-
ed after piecemeal resection vs en bloc resection of 
brain metastasis.10

In the infiltrative lobular subtype of breast can-
cer, negative ER and negative PR tumors are associ-
ated with an increased risk of neoplastic meningi-
tis.7,13,14 Triple-negative status (ie, ERBB2 [formerly 
known as HER2/neu] negative, ER negative, and  
PR negative) may be a risk factor, although ERBB2 
has not yet been identified as a risk factor for neo-
plastic meningitis. 

In NSCLC, adenocarcinoma histopathology has 
been implicated as a risk factor for the development 
of neoplastic meningitis.15,16 EGFR or ALK mutations 
in NSCLC may be risk factors of neoplastic meningitis, 
although this supposition has not been clearly estab-
lished.17 Few case series of melanoma-associated neo-
plastic meningitis have been reported, and no risk fac-
tors have yet to be identified.18-20

Diagnosis
According to guidelines published by the National 
Comprehensive Cancer Network (NCCN), the diagno-
sis of neoplastic meningitis may be determined by the 
presence of CTCs in the CSF.21 In the absence of CTCs 
in the CSF, neoplastic meningitis has been defined as 
the presence of neuroradiological findings consistent 
with neoplastic meningitis and associated with char-
acteristic symptoms and signs of neoplastic meningi-
tis in the setting of cancer.4,7,21 A diagnosis of probable 
neoplastic meningitis can also be made in those with 
cancer who present with symptoms and signs con-
sistent with neoplastic meningitis, CSF abnormalities 
(although nonspecific), and inconclusive findings on 
magnetic resonance imaging (MRI).1 Underdiagnosis 
remains a challenge because establishing a diagno-
sis of neoplastic meningitis requires specific assess-
ments (analysis of CSF and imaging of the CNS) based 
on a clinical suspicion of neoplastic meningitis; those 
challenges notwithstanding, corroborative test results 
may also be normal.7

Clinical Symptoms and Signs
Patients with neoplastic meningitis frequently pres-
ent with multifocal neurological symptoms and signs 
related to specific domains of the CNS involved with 
CTCs. Clinical manifestations may have a subtle pre-
sentation in some patients. Neurological symptoms 
and signs are classically categorized as belong-
ing to 1 of 3 CNS domains: (1) cerebral hemispheres,  
(2) cranial nerves, and (3) spinal cord/nerve roots.3,22 
Shown in Table 1, the most frequent manifestations 
of neoplastic meningitis are headache, change in 
mental status, gait abnormality, vomiting (cerebral 
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hemisphere dysfunction), diplopia and facial pa-
resis (cranial nerve involvement), lower extremity 
weakness and paresthesias, back or neck pain, and 
radiculopathy (spinal cord/exiting nerve-root mani-
festations).23-28 Clinical manifestations suggestive of 
neoplastic meningitis are the development of cauda 
equina syndrome, communicating hydrocephalus, or 
cranial neuropathy.1 Typically, neurological signs ex-
ceed the number of symptoms, so a careful neurolog-
ical examination is required to assist in the diagnosis 
and management of neoplastic meningitis.4,29 Men-
ingismus (neck stiffness) is uncommon and presents 
in fewer than 15% of cases.23-28,30 Headache, nausea, 
and vomiting due to raised intracranial pressure are 
frequent. Seizures are uncommon and occur in fewer 
than 10% of patients.30

Clinical manifestations may overlap with those 

of concomitant brain me-
tastasis, treatment-related 
toxicity, metabolic distur-
bances, other causes of 
chronic meningitis (tuber-
culosis, fungal infections, 
sarcoidosis), or — rarely — 
paraneoplastic syndromes.1,7,8 
However, the presentation 
differs from that of infec-
tious or hemorrhagic menin-
gitis, because fever, menin-
gismus, and photophobia are 
rare in this patient popula-
tion.4,7 Concomitant primary 
or secondary brain cancer 
may amplify the neurologi-
cal manifestations of neo-
plastic meningitis.

Imaging Assessment
MRI with contrast of the 
brain and spinal cord is the 
imaging modality of choice 
for the radiographical evalu-
ation of neoplastic menin-
gitis.4,6,7 Contrast-enhanced, 
T1-weighted imaging and 
sequences of fluid attenua-
tion inversion recovery are 
the most sensitive for detect-
ing neoplastic meningitis.4,7 
At diagnosis, brain involve-
ment can be observed in 40% 
to 75% of patients and spinal 
involvement can be seen in 
15% to 25%.7 Findings on MRI 
can include focal or diffuse 
pial enhancement; ependy-

mal, sulcal, folia, or cranial nerve enhancement; and 
subarachnoid, ventricular, or parenchymal-enhancing 
nodules. Hydrocephalus, which is a secondary con-
sequence of neoplastic meningitis, may also be ob-
served. Characteristic findings on MRI are illustrated 
in Figs 1 and 2.7

In a cohort of 125 patients who had non–brain 
solid tumors, neoplastic meningitis, and positive find-
ings on CSF cytology, as well as 40 patients with clini-
cal neoplastic meningitis and negative findings on 
CSF cytology, MRI findings were abnormal in 40% of 
study patients with positive CSF cytology and 100% 
of study patients with MRI-defined neoplastic men-
ingitis and negative CSF cytology.29 The sensitivity of 
neuraxis MRI in detecting neoplastic meningitis var-
ies between 40% and 86%.29,31-37 Normal findings on 
MRI do not exclude the diagnosis of neoplastic men-

Table 1. — Symptoms and Signs of Neoplastic Meningitis at Diagnosis 

Location Symptom Incidence, 
%

Sign Incidence, 
%

Cerebral 
hemisphere

Headache 51–75 Mental status change 27–65

Mental change 26–33 Seizure 11–18

Gait difficulty 27      Focal/generalized 11/6

Nausea and vomiting 22–34 Papilledema 11

Unconsciousness 4 Sensory disturbance 11

Dysphagia 4 Diabetes insipidus 4

Coordination disorders 20–34 Hemiparesis 2

Loss of consciousness 4 Cerebellar disorder 15

Dizziness 4

Cranial 
nerve

Diplopia 20–36 Ocular motor paresis (III, IV, VI) 5–36

Visual loss 9–10 Facial paresis (VII) 10–27

Hearing loss 5–14 Visual loss (II) 5–19

Decreased hearing 5 Optic neuropathy 8

Tinnitus 3 Reduced hearing (VIII) 7–18

Facial numbness 8–10 Trigeminal neuropathy (V) 6–10

Hypogeusia 4 Reduced gag reflex (IX, X) 2–6

Dysphonia/dysphagia 2–7 Hypoglossal neuropathy (XII) 5–10

Hoarseness 3

Vertigo 2

Spinal cord/
nerve roots

Lower motor neuron 
weakness

34–46 Reflex asymmetry 86

Paresthesia 33–42 Nuchal rigidity 9–13

Pain Weakness 73

    Back/neck 31–37 Sensory loss 32

    Radicular 26–37 Straight leg raising 15

Bladder and bowel 
dysfunction

16–18 Decreased rectal tonus 5–14

Upper motor neuron 
weakness

14

Data from references 23 to 28.
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ingitis.1 Co-existent brain metastases have been re-
ported in 21% to 83% of patients with neoplastic men-
ingitis.13,29,31-34,38,39 The value of computed tomography 
(CT) with contrast of the cranium is limited in neo-
plastic meningitis (sensitivity rate, 23%–38%), and use 
of CT is restricted to the detection of hydrocephalus 
or if obtaining MRI is contraindicated.4,7,35,40

Radionuclide studies using indium, diethylene, 
and triamine penta-acetic or Tc macro-aggregated al-
bumin permits the detection of CSF flow blocks pres-
ent in 30% to 70% of patients with neoplastic men-
ingitis.19 In a cohort of 165 patients with neoplastic 
meningitis and solid tumors, the results of radioiso-
tope CSF flow studies were abnormal in 25% of those 
with positive cytology results and in 28% of those 
whose disease was defined by MRI.29 CSF blocks 
generally occur at the skull base, within the spinal 
subarachnoid space, and across the cerebral convexi-
ties.4,7,41 Compared with patients without a disruption 
of CSF dynamics, patients with interruptions in CSF 
flow have a shorter survival.42 Furthermore, a block 
of the CSF flow reduces the efficacy of the intra-CSF 
administration of treatment by limiting the distribu-
tion of the drug in the CNS and increasing treatment-
related toxicity.4 Nonetheless, radioisotope CSF flow 
dynamics is infrequently utilized. Determination of 
CSF flow interruption is relevant with respect to in-
tra-CSF drug delivery, and, if documented, re-estab-
lishing normal CSF flow by treating the affected area 
with radiotherapy re-establishes CSF flow in 30% of 
intraspinal blocks and 50% of intracranial blocks.41 

Normalizing CSF dynamics results in survival rates 
similar to that of patients initially without CSF flow 
interruption.41

Analysis of the Cerebrospinal Fluid
Most patients (> 90%) with neoplastic meningitis mani-
fest nonspecific CSF abnormalities, such as raised CSF 
opening pressure (46%), elevated protein levels (76%), 
decreased glucose levels (54%), or increased white 
blood cell counts (57%).4,7 The finding of CTCs in the 
CSF can be used to establish the definitive diagnosis 

Fig 2. — Leptomeningeal perimedullary enhancement on sagittal 
T1-weighted, gadolinium-enhanced magnetic resonance imaging of the 
spinal column.

Fig 1. — Leptomeningeal sulcal enhancement at the cranial level on axial 
T1-weighted, gadolinium-enhanced magnetic resonance imaging of the brain.
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of neoplastic meningitis.1 The specificity rate of CSF 
cytology is high (80%–95%), but the sensitivity rate of 
initial lumbar puncture is estimated to be below 50%.1,4 
Using measures such as sampling a large volume of 
CSF (> 10 mL), avoiding a hemorrhagic CSF specimen, 
and prompt processing can improve the sensitivity of 
CSF cytology. Not obtaining a CSF sample from a clini-
cally or radiologically symptomatic site may increase 
the rate of false-negative results on CSF cytology. Re-
peat lumbar puncture increases the likelihood of iden-
tifying CTCs to 80%.1,43 Little benefit is obtained from 
obtaining a third CSF cytology sample.1,4,7,43 In contem-
porary series of breast cancer–related neoplastic men-
ingitis, the sensitivity rate of CSF cytology was report-
ed to be 67% to 83%.31-37

Many CSF biomarkers have been examined for 
their use in neoplastic meningitis. Biomarkers may be 
nonspecific (eg, α-glucuronidase, lactate dehydroge-
nase, β-2-microglobulin, carcinoembryonic antigen) or 
organ specific (eg, cancer antigen [CA] 15-3, CA 125, 
CA 19-9, CA 724, α-fetoprotein, neuron-specific enolase, 
cytokeratin 19 fragment). However, no clear relation-
ship exists between these various biomarkers and treat-
ment response.7 Proangiogenic molecules, such as vas-
cular endothelial growth factor, urokinase plasminogen 
activator, and tissue plasminogen activator, have been 
evaluated with varying rates of sensitivities and speci-
ficities that do not appear to improve the performance of 
CSF cytology.7,44,45 CSF metabolomics, protein profiling, 
micro-RNA studies, and genomic analysis may represent 
another method to aid in the diagnosis and treatment of 
neoplastic meningitis.46-49 Identification of cell-surface, 
tumor-associated proteins in CSF is another method un-
der investigation.50-53 Due to lack of agreement on cutoff 
levels to standardize CSF sampling and processing with 
respect to the above-mentioned biomarkers, CSF cytol-
ogy remains the gold standard for the detection of CTCs 
in the CSF.1,6,7

Prognosis
Neoplastic meningitis often results in neurological 
impairments that both reduce quality of life and sur-
vival.4 Thus, the goal of treatment is to improve or 
stabilize neurological function, maintain quality of 
life, and prolong survival. Deciding who to treat can 
be challenging. Fixed neurological deficits rarely im-
prove with treatment, but the progression of neuro-
logical dysfunction may be arrested in some instanc-
es.4 The median survival rate without treatment is 1 to 
2 months, and often death is a consequence of progres-
sive neurological dysfunction.4,6 With treatment, me-
dian survival rates in neoplastic meningitis vary from 
2 to 5 months in breast cancer, 3 to 6 months in NSCLC 
and 2 to 4 months in melanoma; however, these re-
ported numbers predate the use of immunotherapy 
and targeted therapies (Table 2).3,16-20,31,33-39,54-67 Cause 

of death in patients with neoplastic meningitis may 
be due to the progression of neoplastic meningitis 
(24%–34%), progression of systemic disease (19%–44%), 
or both (22%–25%).22,58

Guidelines from the NCCN define poor and good 
risk factors for patients with neoplastic meningitis.21 
The poor risk group includes patients with low per-
formance status; multiple, serious, or major neuro-
logical deficits; extensive, systemic disease with few 
treatment options; radiographic bulky CNS disease; 
neoplastic meningitis–related encephalopathy; and 
CSF dynamic flow obstructions.21 Palliative care is sug-
gested for all patients with a poor prognosis, whereas 
directed therapy should be considered for patients 
with a good prognosis.21

Table 2. — Rates of Survival for Neoplastic Meningitis Due to 
Breast Cancer, Lung Cancer, or Melanoma Metastasis

Tumor 
Type

Study No. of 
Study 

Patients

Median Rate of Overall 
Survivala

Breast 
cancer

Boogerd65 35 18.3–30.3 wk (NA)

Clatot34 24 150 d (9–561)

Comte62 66 4.5 mo (0.1–50.0)

De Azevedo36 60 3.3 mo (0.03–90.4)

Gauthier35 91 4.5 mo (0–53)

Jaeckle58 43 7 wk (NA)

Kim59 30 8 mo (NA)

Lara Medina55 49 7 wk (95% CI: 2.3–11.6 mo)

Le Rhun31 103 3.8 mo (1 d–2.8 y)

Lee37 68 4.1 mo (2.2–5.8)

Meattini54 33 4.9 mo (0.3–27.7)

Niwinska13 118 4.2 mo (1–37)

Regierer60 27 9 wk (NA)

Rudnicka33 67 16 wk (1–402)

Torrejon63 38 2.6 mo (1.2–6.4)

Yust Katz56 103 4.2 mo (95% CI: 2.54–4.66)

Lung 
cancer

Chuang67 34 5.1 wk (1 d–82 wk)

Gwak57 105 3.0 mo (0.5–21.5)

Hammerer64 26 57 wk (NA)

Lee16 149 14 wk (95% CI: 12–16)

Morris38 125 4.3 mo (1.5–6.7)

Park39 50 3 mo (95% CI: 2–4)

Riess17 30 6 mo (95% CI: 3–12)

Sudo66 37 106 d (10–392)

Umumera61 91 3.6 mo (0.1–34.4)

Melanoma Chamberlain19 16 4 mo

Harstad18 110 10 wk (95% CI: 8–14)

Pape20 9 8 wk (1–168)
aMinimum to maximum survival or 95% CI. 
CI = confidence interval, NA = not applicable. 
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The type of primary cancer is also of prognostic 
importance. Breast cancer has a better prognosis than 
lung cancer or melanoma-related neoplastic menin-
gitis.6,7 Prolonged survival of 1 year or more may be 
observed in 7% to 24% of patients with breast cancer 
and neoplastic meningitis.33,35-37,54,60,68 In breast can-
cer, multivariate analyses have demonstrated an asso-
ciation between survival and histological characteris-
tics (grade and HR status), performance status, extent 
of systemic disease, treatment (number of prior che-
motherapy regimens, receipt of combined treatment 
modalities, coadministration of systemic chemother-
apy, and intra-CSF administration of chemotherapy), 
and initial response to treatment.13,31,33,35-37,54-56 In lung 
cancer, multivariate analyses confirm that perfor-
mance status, treatment (systemic therapy and intra-
CSF administration of chemotherapy), and response 
to neoplastic meningitis–directed therapy were as-
sociated with longer survival.38,39 In patients with 
EGFR mutations and neoplastic meningitis, epidermal 
growth factor receptor (EGFR) inhibitors may result 
in durable responses without the need for the intra-
CSF administration of chemotherapy.61 In a retrospec-
tive cohort of melanoma-associated neoplastic men-
ingitis, a history of primary melanoma diagnosed on 
the trunk was correlated with shorter survival rates, 
whereas the intra-CSF administration of chemothera-
py was associated with longer rates of survival.18

Treatment
Combined treatment utilizing systemic chemotherapy 
(or targeted therapy), the intra-CSF administration of 
chemotherapy, and site-specific radiotherapy may 
improve rates of survival in patients otherwise deter-
mined to be good candidates for neoplastic meningi-
tis–directed treatment. A number of randomized trials 
have been conducted in solid tumor–related neoplas-
tic meningitis (Table 3).65,69-72 Most of these trials in-
cluded multiple tumor types, thereby limiting the ap-
plicability of the study results with respect to specific  
cancer-related neoplastic meningitis.65,69-72 In addition, 
these trials varied with respect to methodology and the 
absence of any standardized criteria by which to evalu-
ate response to treatment65,69-72; thus, the results cannot 
be generalized to specific groups of patients with neo-
plastic meningitis.

Because the progression of systemic disease is 
the primary cause of death in patients with neoplas-
tic meningitis, treatment of systemic disease should 
not be neglected.73 In general, patients with neoplas-
tic meningitis who have a good performance status are 
treated with site-specific radiotherapy and disease-spe-
cific systemic therapy (chemotherapy or targeted ther-
apy) that may treat both neoplastic meningitis and the 
systemic disease. The role of the intra-CSF administra-
tion in solid tumor–related neoplastic meningitis is not 
clearly defined. No prospective trial has established 

Table 3. — Select Randomized Trials of Neoplastic Meningitis–Related Solid Tumors

Study Design Response Toxicity

Boogerd65 N = 35
Breast cancer
Systemic therapy and involved-field radiotherapy 
with intralumbar vs no intralumbar MTX

Improved stabilization: 59% vs 67%
TTPa: 23 vs 24 wk
OS: 18.3 vs 30.3 wk

Treatment complications: 47% vs 6%

Glantz91 N = 61
Solid tumors
Cytarabine vs MTX

RRa: 26% vs 20%
OSa: 105 vs 78 d
TTP: 58 vs 30 d

Sensory/motor: 4% vs 10%
Altered mental status: 5% vs 2%
Headache: 4% vs 2%
Bacterial meningitis: 10% vs 3%

Grossman70 N = 59
Solid tumors and lymphoma (in 90%)
Intralumbar MTX vs thiotepa

Neurological improvements: None
Median survival: 15.9 vs 14.1 wk

Serious toxicity (47%) similar between groups
Mucositis and neurological complications more 
common in intralumbar MTX group 

Hitchins69 N = 44
Solid tumors and lymphomas
Intralumbar MTX vs MTX + cytarabine

RRa: 61% vs 45%
Median survivala: 12 vs 7 wk

Nausea/vomiting: 36% vs 50% 
Septicemia, neutropenia: 9% vs 15% 
Mucositis: 14% vs 10%
Pancytopenia: 9% vs 10% 
AEs related to reservoir:
     Blocked Ommaya: 17%
     Intracranial hemorrhage: 11%

Shapiro72 103 solid tumors
Cytarabine vs MTX

Intraventricular cytarabine vs  
intraventricular MTX
PFSa: 35 vs 37.5 d

Drug-related AEs: 48% vs 60%
Serious AEs: 86% vs 77%

aNo significant differences between groups.  
AE  = adverse event, MTX = methotrexate, OS = overall survival, PFS = progression-free survival, RR = response rate, TTP = time to progression.
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the superiority of the intra-CSF administration of che-
motherapy relative to systemic therapy. Thus, treat-
ment of neoplastic meningitis should be individualized 
to the general and neurological status of the patient, 
the available therapeutic options for systemic disease, 
and the manner of neurological presentation.

Symptomatic Treatment
Symptomatic treatment is indicated for all patients with 
neoplastic meningitis. Pain is treated using opioid anal-
gesics, tricyclic antidepressants, or antiepileptic drugs 
when present. Corticosteroids may improve radicular 
pain. The contribution of corticosteroids is limited in 
neoplastic meningitis because, unlike in brain metasta-
ses, neoplastic meningitis does not result in vasogenic 
edema. However, steroids are useful for the treatment 
of associated brain metastasis or epidural spinal com-
pression.4 Focal radiotherapy of symptomatic sites may 
also provide pain relief. Prophylactic antiepileptic drugs 
are not indicated, except in patients with seizures and, 
if used, non–enzyme-inducing drugs are preferred to 
mitigate pharmacodynamic interaction with systemic 
therapies. Symptomatic hydrocephalus can be treated 
by a ventriculoperitoneal shunt or, in some instances,  
whole-brain/skull-base radiotherapy.4,7 

Surgery
The main surgical indications in neoplastic meningi-
tis include placement of a ventriculoperitoneal shunt 
for symptomatic hydrocephalus and implantation of 
ventricular-access devices (eg, Ommaya reservoir) to 
facilitate the intra-CSF administration of therapy. In 
1 report, diverting CSF improved survival in patients 
with neoplastic meningitis.74 Complications of a ven-
triculoperitoneal shunt include possible peritoneal 
dissemination; however, data from studies of medul-
loblastoma indicate the absence of peritoneal metas-
tases, nor do any data in the medical literature on neo-
plastic meningitis suggest a similar seeding pattern.75 

Ventricular-access devices offer several advantages 
for the intra-CSF administration of chemotherapy. Af-
ter lumbar puncture, the intra-CSF administration of 
a drug may unknowingly be placed into the epidural 
or subdural space in up to 12% of patients.76 Further-
more, following intralumbar drug administration, the 
drug distribution may be not uniform with the variable 
drug concentration observed in the intracranial com-
partment.4,7 These pharmacodynamic aspects of intra-
lumbar drug delivery may partly explain the benefit  
seen in progression-free survival after the intraventricu-
lar administration of select agents.76 Placing a ventricu-
lar-access device is a relatively pain-free procedure. 

Ventricular-access devices may also be used in the 
setting of thrombocytopenia, a relative contraindica-
tion for intralumbar drug administration.7 In a cohort of 
112 patients (a median of 9 injections per study pa-

tient), of whom 72% were treated with both systemic 
and intraventricular chemotherapy, 11 cases of com-
plications were observed, including 7 infections re-
lated to the ventricular-access device.77 These results 
confirmed the safety of ventricular-access devices in 
patients with neoplastic meningitis. Rarely, intracra-
nial hemorrhage, symptomatic leukoencephalopathy, 
or malposition or obstruction of the catheter can be 
observed with ventricular-access devices in patients 
with neoplastic meningitis.4,77

Radiotherapy
Radiotherapy is indicated for the treatment of symp-
tomatic sites of disease, bulky disease defined by MRI, 
or to correct CSF flow blocks demonstrated by radio-
isotope CSF flow dynamics.1,4,78 Radiotherapy is indi-
cated for cauda equina or skull-base syndromes, even 
in the absence of correlated radiographical signs.4 Ra-
diotherapy often provides pain relief and may help sta-
bilize but does not typically improve neoplastic menin-
gitis–related neurological disease.4 

Bulky radiographical disease is another indication 
for radiotherapy because the intra-CSF administration 
of chemotherapy has limited diffusion (< 3 mm) into 
tumor nodules and is limited in its effectiveness.4 
Correction of CSF flow obstruction is yet another indi-
cation for radiotherapy in neoplastic meningitis, and, 
if normalized, outcomes are similar to those seen in 
patients with normal CSF flow dynamics.42 

Stereotactic radiosurgery and fractionated stereo-
tactic radiotherapy have little utility in managing neo-
plastic meningitis except in co-existent brain metasta-
sis.1,78 In general, CNS site-specific radiotherapy is well 
tolerated, but use of more extensive radiation treat-
ment fields, such as craniospinal irradiation, have not 
improved outcomes in solid tumor–related neoplastic 
meningitis and may result in serious adverse events 
(eg, myelosuppression, gastrointestinal toxicity).1,4,6,7

Whole-brain radiotherapy may ameliorate neo-
plastic meningitis–related communicating hydroceph-
alus secondary to the interruption of CSF flow over the 
convexity of the brain. Whole-brain radiotherapy can 
be used to treat co-existent brain metastasis. In a retro-
spective cohort of patients with NSCLC and neoplastic 
meningitis, whole-brain radiotherapy did not prolong 
survival when used as a single-modality therapy for 
neoplastic meningitis.38 

Systemic Therapy
The selection of systemic chemotherapy to treat neo-
plastic meningitis is based on the chemosensitivity 
profile of the primary tumor and the ability of the ther-
apeutic agent to cross the blood–CSF barrier. Temo-
zolomide, an alkylator chemotherapeutic agent known 
to cross the blood–CSF barrier, failed in a phase 2, non-
randomized study of patients with neoplastic meningi-
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tis related to either breast cancer or NSCLC.79 It is likely 
that it failed due to the inactivity of temozolomide in 
these cancers.79 Cytotoxic concentrations can also be 
achieved in the CSF with intravenous high-dose meth-
otrexate or cytarabine, but these regimens have limited 
effectiveness, except in breast cancer, and often result 
in significant rates of toxicity.7

Breast Cancer: Capecitabine, a fluoropyrimi-
dine that can penetrate the CNS, has shown durable 
responses in small case series of breast cancer–relat-
ed neoplastic meningitis.80,81 Taxane-based chemo-
therapies (paclitaxel and docetaxel, which are com-
mon agents used to treat breast cancer), do not cross 
the blood–CSF barrier and have no efficacy in treating 
neoplastic meningitis.82 Responses in patients with 
neoplastic meningitis after endocrine therapy (tamoxi-
fen, letrozole, anastrozole, megestrol) have occasion-
ally been reported, but most often at the initial pre-
sentation of neoplastic meningitis.7 Breast cancer has 
acquired resistance to these therapies.7 

Anti-erb-b2 receptor tyrosine kinase 2 (ERBB2) 
therapies (eg, trastuzumab, pertuzumab, lapatinib) are 
approved for use in metastatic ERBB2-positive breast 
cancer. However, no systemic anti-ERBB2 agent has 
been evaluated in neoplastic meningitis, except for re-
sponses observed in brain metastases.83,84 Several au-
thors have reported a potential role of bevacizumab 
alone or in combination with chemotherapy for certain 
patients with neoplastic meningitis, and the results 
from several prospective studies evaluating bevaci-
zumab in breast cancer–related neoplastic meningitis 
are forthcoming (NCT00924820, NCT01281696).85-89

Lung Cancer: The impact of systemic chemo-
therapy in the treatment of lung cancer–related neo-
plastic meningitis is unclear, but anecdotal responses 
have been observed following platinum-couplet che-
motherapy.90 Some data suggest that patients treated 
with select systemic therapies containing pemetrexed, 
bevacizumab, or a tyrosine kinase inhibitor have im-
proved overall survival in select patients, but the effec-
tiveness of these therapies in patients with neoplastic 
meningitis is not certain.17 Nonetheless, responses to 
pemetrexed and bevacizumab have been observed in 
small case reports of NSCLC-related neoplastic men-
ingitis.16,91 Results from a prospective study of bevaci-
zumab for the treatment of neoplastic meningitis that 
enrolled patients with lung cancer and neoplastic men-
ingitis are forthcoming (NCT00924820). 

Activity of the EGFR–tyrosine kinase inhibitors er-
lotinib and gefitinib at normal and higher doses was 
observed in patients with activating mutations of EGFR 
and NSCLC-related neoplastic meningitis.16,32,38 Howev-
er, whether standard-dose or pulsatile, high-dose regi-
mens of EGFR inhibitors are of utility has not yet been 
defined.92 Erlotinib may achieve higher CSF concentra-
tions than gefitinib, and this drug has potential in neo-

plastic meningitis.16 CNS responses with erlotinib after 
prior progression on gefitinib and vice versa have been 
reported.93 Second-generation EGFR inhibitors such as 
afatinib (combined with cetuximab) also have activity 
in lung cancer–related neoplastic meningitis.94 Third-
generation EGFR inhibitors exist that have both im-
proved CNS penetration and activity against the T790M 
mutation that commonly results in resistance to EGFR 
inhibition, and these investigational drugs may prove 
to be effective for both brain metastases and neoplastic 
meningitis.95 In a single case series, response to an ana-
plastic lymphoma kinase inhibitor was observed in the 
setting of neoplastic meningitis and NSCLC.96

Melanoma: Standard systemic chemotherapy for 
the management of melanoma includes temozolomide, 
dacarbazine, and fotemustine. However, systemic che-
motherapy has limited activity in CNS metastases. Im-
munotherapy with anti-CTLA-4 (ipilimumab) alone or 
in combination with fotemustine has demonstrated 
efficacy in patients with minimal symptomatic brain 
metastasis.97,98 Similar responses have been observed 
in brain metastasis treated with vemurafenib and dab-
rafenib.99,100 In patients with both systemic and CNS 
metastases, similar response rates (78% and 90%) were 
observed when they were treated with dabrafenib.101 
Cases of melanoma-related neoplastic meningitis re-
sponding to ipilimumab or dabrafenib have been re-
ported, but whether targeted therapies can substitute 
for standard treatment has not yet been determined.102 

Intracerebrospinal Fluid Administration of  
Chemotherapy
The intra-CSF administration of chemotherapy is a 
type of regional or intracavitary administration asso-
ciated with minimal rates of systemic toxicity; it also 
produces high levels of the drug in the CSF compart-
ment.103 Although it is frequently used for the treatment 
of neoplastic meningitis, no prospective trials have 
demonstrated any benefit of intra-CSF administration 
of chemotherapy in patients with solid tumor–related 
neoplastic meningitis. Four drugs are commonly used 
in routine practice for intra-CSF administration and 
include methotrexate, cytarabine and its liposomal 
form, and thiotepa (Table 4). The length of treatment 
following the successful induction has not yet been 
defined for neoplastic meningitis, wherein patients 
have converted from positive to negative findings on 
CSF cytology and are otherwise clinically stable. Intra-
CSF administration of chemotherapy was identified as 
a significant prognostic factor in the treatment of pa-
tients with NSCLC and neoplastic meningitis.38 Sever-
al trials in adults with neoplastic meningitis have not 
demonstrated any superiority with respect to either re-
sponse or survival when comparing combination ther-
apy with single-agent therapy.7,65,69,104 Common to all 
chemotherapy administered into the CSF, and, in par-
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ticular, the long half-life agent liposomal cytarabine, 
is treatment-related, transient, aseptic chemical men-
ingitis that can be mitigated by the concomitant oral 
administration of dexamethasone. A challenge with 
the current intra-CSF administration of chemotherapy 
is the limited efficacy of these agents in solid tumors.1 
Another limitation of intra-CSF chemotherapy when 
used for the treatment of neoplastic meningitis is its 
limited penetration (1–3 mm) into tumor nodules, such 
that the intra-CSF administration of chemotherapy is 
relatively ineffective in MRI-defined bulky leptomenin-
geal disease. In patients with CSF flow blocks defined 
by radioisotope studies, the intra-CSF administration 
of chemotherapy can be associated with an increased 
risk of neurotoxicity.

Although these agents are rarely used, the intra-
CSF administration of alternative agents (etoposide, 
topotecan, diaziquone, mafosfamide, nimustine, hy-
droperoxycyclophosphamide, mercaptopurine, dacar-
bazine, gemcitabine, interferon α) have either failed 
or shown similar activity to standard agents used in 
neoplastic meningitis.7 The continuous ventricular in-
fusion of methotrexate may represent an alternative, 
pharmacologically rational approach to treating neo-
plastic meningitis, because few CTCs are present in 
the active cell cycle.57 Intra-CSF administration of tar-
geted therapies (trastuzumab in breast cancer, inter-
leukin 2 in melanoma, and panitumumab in NSCLC) 
has been used in neoplastic meningitis, but it has 
been described in case reports alone.7,105,106 Two  
phase 1/2 studies are researching ERBB2-positive 
breast cancer and neoplastic meningitis to define the 
safety and efficacy of the intra-CSF administration of 
trastuzumab (NCT01325207, NCT01373710). 

Conclusions
The incidence of neoplastic meningitis is increasing 
due to an improvement in the overall survival rate of 

patients with cancer, which, in part, reflects the fact 
that more effective anticancer therapies do not cross 
the brain–cerebrospinal fluid (CSF) barrier.2,3 The di-
agnosis of neoplastic meningitis remains challenging, 
as reflected by its underdiagnosis and the limited sen-
sitivity of CSF cytology and neuraxis radiography in 
establishing the diagnosis. Without treatment, neoplas-
tic meningitis is associated with poor outcomes and 
progressive, neurological death. Determining which 
patients with neoplastic meningitis are likely to ben-
efit from directed therapy is challenging; however, the 
extent of systemic disease, type of treatment, the neu-
rological presentation, and the disease burden are all 
factors identified as being useful for proper patient se-
lection. Treatment options can include chemotherapy 
(systemic and intra-CSF administration), site-specific 
radiotherapy, and symptom-directed care. Limited 
case reports suggest that immunotherapy and can-
cer-specific targeted therapies may be effective in the 
treatment of neoplastic meningitis in certain patients 
— and prospective studies are testing this hypothesis. 
Proposals for assessing treatment response in neoplas-
tic meningitis could help to standardize the evaluation 
of neoplastic meningitis and improve clinical trial de-
sign so as to better define the role of novel therapies in 
neoplastic meningitis.
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CSF = cerebrospinal fluid.
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Concepts on the diagnosis, prevention,  

and treatment of primary and  
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Background: Leukemic and lymphomatous meningitis is a major presentation of primary or secondary 
central nervous system (CNS) involvement by aggressive lymphomas or acute leukemia.
Methods: The medical literature and ongoing clinical trials were reviewed on the clinical presentation, diagnosis, 
prognosis, prevention, and treatment of leukemic and lymphomatous meningitis.
Results: Treatment for secondary leukemic and lymphomatous meningitis remains unsatisfactory, and efforts 
should be made to prevent and treat subclinical disease. Intrathecal and systemic chemotherapy remain the 
main therapeutic approaches for this disease. Outcomes have improved in patients with primary CNS lymphoma 
and meningeal involvement.
Conclusions: Appropriate selection of patients at high risk for leukemic and lymphomatous meningitis is 
important so that preventive strategies can decrease the incidence of this complication of leukemia and lymphoma. 
Use of chemotherapy agents that cross the blood–brain barrier and the adoption of high-dose chemotherapy 
with autologous hematopoietic stem cell transplantation have increased the proportion of patients whose 
primary disease is cured.

Introduction
Leukemic and lymphomatous meningitis may oc-
cur in patients with primary central nervous system 
(CNS) lymphoma or as a secondary manifestation of 
systemic lymphoma or leukemia. In rare cases, lep-
tomeningeal involvement may be the initial presen-
tation of these diseases. Although its clinical pre-

sentation is variable, leukemic and lymphomatous 
meningitis from hematological malignancies tends to 
have a higher frequency of cranial nerve involvement 
than solid tumors.1

Diagnosis is based on findings after cerebrospinal 
fluid (CSF) examination and radiological evaluation 
of the neuraxis. Therapeutic options include radio-
therapy, intrathecal (IT) and systemic chemotherapy, 
and, in select cases, high-dose chemotherapy with 
autologous hematopoietic stem cell transplantation 
(HSCT).

In patients with secondary leukemic and lympho-
matous meningitis, treatment remains suboptimal and 
frequently is palliative. The most appropriate strategy 
is aggressive prevention. By contrast, patient outcomes 
have improved with the use of modern intensive ap-
proaches for leukemic and lymphomatous meningitis 
associated with primary CNS lymphoma (PCNSL).  
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Primary Central Nervous System Lymphoma
PCNSL is a form of non-Hodgkin lymphoma confined 
to the CNS. PCNSL includes primary ocular and lep-
tomeningeal lymphomas, in which lymphoma is 
confined to the CSF alone without evidence of intra-
cranial or spinal cord lesions. Typically, PCNSLs are 
aggressive, large cell subtypes of B-cell phenotypic 
origin. Few case reports have described PCNSLs being 
of T-cell origin.2

From 1970 to 1995, PCNSL was common in young 
adults with HIV/AIDS, but the advent of active antiret-
roviral therapy has been associated with a decline in 
the incidence of PCNSL in this population.3 By con-
trast, the incidence of PCNSL has continued to increase 
in the elderly (> 65 years of age).4,5

Despite the high rates of response to chemother-
apy and radiotherapy, PCNSL remains a disease with 
short periods of remission and a poor long-term prog-
nosis for numerous reasons, including the difficulty of 
drugs to penetrate the blood–brain barrier and treat-
ment neurotoxicity (particularly in the elderly).6 Strate-
gies to enhance cure rates while limiting therapy-relat-
ed toxicities have helped improve its prognosis.

Clinical Presentation and Workup
Table 1 highlights the recommended workup for 
PCNSL at diagnosis.7,8 This workup also highlights the 
role of CSF evaluation at the time of diagnosis. If lum-
bar puncture can be performed, then cytological eval-
uation and CSF flow cytometry should be obtained. 
The use of biomarkers for the noninvasive diagnosis 
of PCNSL from CSF evaluation continues to evolve: mi-

croRNAs have shown promise. The CSF expression of 
microRNA 19b, 21, and 92 has shown a sensitivity rate 
of approximately 95% and specificity rates between 
80% and 83% for the diagnosis of PCNSL.9,10 Other CSF 
biomarkers, such as neopterin, have also shown prom-
ise in differentiating PCNSL from other primary CNS 
malignancies.11 Reports have been published about the 
use of CSF biomarkers in monitoring disease response, 
although large prospective studies are needed prior to 
measuring the efficacy of these biomarkers.12,13

Two large studies reported on concomitant men-
ingeal dissemination, suggesting that it occurs in 
15% to 20% of patients at diagnosis and is typically 
asymptomatic, rather than associated with focal neu-
rological deficits (the most common presentation of 
newly diagnosed PCNSL), followed by psychiatric 
symptoms and seizures; by contrast, the results sug-
gest that intraocular lymphoma typically presents 
with visual disturbances in addition to behavioral 
and cognitive changes.14-17

An International Extranodal Lymphoma Study 
Group risk score is comprised of age, serum lactate 
dehydrogenase (LDH) level, performance status, el-
evated CSF protein level, and deep-structure involve-
ment.18 Prognostically, meningeal dissemination is 
often considered a poor prognostic marker; however, 
this is debatable. A large phase 3 study of 415 patients 
with PCNSL — 65 of whom had concomitant CSF in-
volvement — did not identify CNS involvement as 
impacting median progression-free survival (PFS) or 
overall survival (OS) rates.15 Unlike performance sta-
tus and high International Extranodal Lymphoma 
Study Group scores, which did negatively impact 
PFS, CSF involvement did not impact PFS in a trial of  
whole-brain radiotherapy (WBRT).19 In 48 patients 
with primary leptomeningeal lymphoma, the medi-
an OS rate was 24 months, and performance status  
was the single variable with a trend toward inferior 
survival rates.20

Pathological diagnosis of PCNSL should be ob-
tained and confirmed prior to initiating treatment. 
This is typically accomplished with either stereotactic 
or navigational-guided needle biopsy. When possible, 
corticosteroids, utilized to reduce vasogenic edema, 
should be withheld prior to biopsy, as doing so may 
complicate the pathological diagnosis due to their on-
colytic effects on lymphoma cells.

Treatment
PCNSL is responsive to chemotherapy and radiother-
apy, but penetration of the blood–brain barrier and  
therapy-related neurotoxicity — particularly among the 
elderly — must be considered and overcome.21

Chemotherapy: Conventional chemotherapy 
regimens for lymphoma (eg, cyclophosphamide, doxo-
rubicin, vincristine, and prednisone) are not useful 

Table 1. — Initial Workup for PCNSL

Pathology Tissue immunohistochemical markers 
(CD19, CD20, PAX5, BCL6, MUM1/IRF)
CD10 immunophenotyping by multipa-
rameter flow cytometry of CSF (or vitreous 
fluid if ocular lymphoma suspected)

Imaging/Examination MRI of the brain with and without contrast
CT of the chest, abdomen, and pelvis or 
whole-body PETa

Testicular ultrasonography (males)
Slit lamp/ophthalmological examination

Laboratory Testing/ 
Procedures

Bone marrow biopsy
CBC
CSF evaluation 
HIV serology testing
LDH
Lumbar puncture

aTo assess for extraneural sites of lymphoma.
CBC = complete blood count, CNS = central nervous system,  
CSF = cerebrospinal fluid, CT = computed tomography,  
LDL = lactate dehydrogenase, MRI = magnetic resonance imaging, 
PCNSL = primary CNS lymphoma, PET = positron emission tomography.

Data from references 7 and 8.
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in the treatment of PCNSL due to their lack of CNS 
penetrance, nor is the addition of radiotherapy to 
regimens similar to cyclophosphamide, doxorubi-
cin, vincristine, and prednisone.22,23 The backbone 
of most chemotherapy regimens for PCNSL is high-
dose methotrexate (MTX). Rapid infusions of doses 
3 g/m2 or more for 3 hours can achieve cytotoxic 
levels in the CSF.24 Single-agent, high-dose MTX was 
studied in a phase 2 study as monotherapy with de-
ferred WBRT.25 A total of 25 patients were enrolled 
and high-dose MTX was administered at a dose of  
8 g/m2 every 2 weeks until radiographical complete or 
partial response. The treatment was effective: 74% of 
study patients achieved complete or partial response.25 
No study patients experienced significant neurotoxic-
ity, although 48% experienced grade 3/4 toxicity.25

Therapy with high-dose MTX combined with 
other chemotherapeutic agents has been shown to im-
prove response rates, particularly among agents that 
can penetrate the blood–brain barrier.19,26 Results of a 
randomized, phase 2 trial comparing high-dose cyta-
rabine combined with high-dose MTX and WBRT con-
solidation vs high-dose MTX and WBRT consolida-
tion alone suggested a significant increase in the rate 
of complete remission when cytarabine was added.26 
To avoid the neurotoxic effects of WBRT, Rubenstein 
et al19 utilized a high-dose, MTX-based induction with 
rituximab, temozolomide, etoposide, and high-dose 
cytarabine as consolidation therapy with no irradia-
tion. They observed a median PFS rate of 2.4 years.19 
PFS was similar in younger and older study patients, 
and no grade 3/4 neurotoxicity was reported.19

Rituximab: The role of rituximab-based 
therapy continues to evolve. As a monoclonal an-
tibody, rituximab is too large to freely pass through 
the blood–brain barrier. Animal models mea-
suring the ability of rituximab to disrupt the 
blood–brain barrier showed that the prolonged 
CNS exposure of rituximab was lacking, but the 
long plasma half-life of rituximab may result in 
a slow leak — along with a minimally disrupted  
blood–brain barrier — thus resulting in improved 
responses and survival.27 However, based on other 
radiographical responses to single-agent rituximab, 
the drug has been added to polychemotherapy and 
WBRT-sparing regimens.28 The addition of rituximab 
to high-dose MTX resulted in complete and partial re-
sponses of 80% and a median OS rate of 34 months.29 
The rituximab-based WBRT-sparing PCNSL regimens 
utilized by Rubenstein et al19 demonstrated a com-
plete response rate of more than 60% with no reports 
of neurotoxicity. However, the overall benefit of sys-
temic rituximab compared with standard therapy has 
yet to be confirmed and is the focus of prospective, 
randomized trials (NCT00072449, NCT00098774, 
NCT02399189).

Intrathecal/Intraventricular Therapy: The ad-
dition of IT or intraventricular therapy has been con-
sidered, given the proclivity of CNS lymphoma for 
meningeal dissemination; however, this administration 
is questionable, given the ability of high-dose MTX, 
cytarabine, etoposide, and temozolomide to penetrate 
the CSF in therapeutic concentrations.21 Two separate 
retrospective studies comparing the addition of IT to 
high-dose MTX failed to demonstrate any impact on 
survival rates, disease response rate, or rate of relapse, 
so it is not considered to be a standard therapeutic op-
tion for the treatment of PCNSL, regardless of CSF in-
volvement.30,31 However, few studies have suggested a 
benefit of utilizing intraventricular and systemic che-
motherapy; however, rates of early relapse have been 
reduced compared with those seen in systemic chemo-
therapy alone.30,31 Intraventricular rituximab may be of 
particular interest. A phase 1 study reported that intra-
ventricular rituximab was tolerable.32 Overall and com-
plete response rates were 75% and 43%, respectively.32 
Use of intraventricular rituximab for the treatment of 
PCNSL is still being studied.33 As of publication, the 
routine use of IT or intraventricular therapy as treat-
ment or secondary prophylaxis of PCNSL is not recom-
mended outside of a clinical trial.

Whole-Brain Radiotherapy: WBRT is the stan-
dard treatment for PCNSL, and it is commonly used 
as consolidation therapy following high-dose chemo-
therapy. As a single treatment, the response to WBRT 
is short lived. Median survival rates are between 10 
and 18 months, so WBRT is not recommended unless 
chemotherapy is contraindicated.34,35 The optimal dose 
of WBRT is controversial. For example, doses higher 
than 50 Gy have been associated with marked neuro-
toxicity.21 Standard doses of 40 to 50 Gy are commonly 
used. Some researchers are studying whether it is pos-
sible to reduce the dose of WBRT, whereas others are 
researching whether WBRT can be omitted altogether 
from the treatment of PCNSL.36

Surgery: Surgery is not a first-line treatment mo-
dality because of its lack of efficacy. The role of surgery 
is limited to CSF diversion via ventriculoperitoneal 
shunting in patients with symptomatic hydrocephalus 
and the placement of subgaleal (Ommaya) reservoirs 
connected to intraventricular catheters for the intra-
CSF administration of chemotherapy. Surgery can also 
be considered for emergent situations, particularly 
when it is necessary to reduce elevated intracranial 
pressure or relieve brain herniation.

Secondary Disease
Lymphomatous involvement of the CNS has been rec-
ognized since the 19th century and was well described 
in the mid-20th century.37 A clinical picture and the out-
comes of therapy have also been detailed in small ret-
rospective studies in the 1960s and 1970s.37 Lympho-
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matous involvement of the CNS commonly presents as 
leptomeningeal disease, less frequently as parenchymal 
masses, and, rarely, simultaneously in both locations.37

Lymphomatous meningitis may occur at diagnosis, 
at relapse, or at any time during the treatment of the 
disease. The general incidence rate of CNS lymphoma-
tous disease in patients with systemic lymphoma is 
approximately 5%.37,38

Risk Factors
Risk factors for leukemic and lymphomatous menin-
gitis include high-grade histology, histological sub-
type (lymphoblastic or Burkitt lymphoma), presence 
and extent of extranodal disease, and an elevated 
LDH level.39 High-grade lymphomas (lymphoblas-
tic and Burkitt lymphomas) are classically associ-
ated with the highest risk — comparable to acute 
lymphoblastic leukemia — at approximately 20% to 
25% in the absence of prophylaxis.39-41 Patients with 
high-grade lymphoma and CMYC and BCL2 translo-
cations or overexpression also appear to be at high 
risk for CNS disease at diagnosis or when the disease 
progresses.39-41 Subsequently, other aggressive lym-
phomas, such as diffuse large B-cell lymphoma, pe-
ripheral T-cell lymphoma, and mantle cell lymphoma 
(blastic variant), have a rate of risk between 5% and 
7%.39-41 Any CNS disease (leukemic and lymphoma-
tous meningitis or parenchymal involvement) in low-
grade histologies (eg, follicular lymphoma, marginal 
zone lymphoma, small lymphocytic lymphoma) is 
rare.40 Several prospective, multicenter trials have 
helped to further define these risk factors, which in-
clude an elevated LDH level, more than 1 extranodal 
site, and high risk by International Prognostic Index 
(IPI; score of 4 to 5).39-41 Certain extranodal locations 
appear to have a much higher risk than others, partic-
ularly the testicle, breast, kidney, bone marrow, and 
parameningeal locations.40,41

Clinical Presentation
By contrast to PCNSL, patients with leukemic and 
lymphomatous meningitis initially present with a 
higher frequency of cranial nerve signs.1 However, 
the clinical picture is pleiotropic and encompasses 
disturbances of the cerebral hemispheres, cranial 
nerves, and spinal cord and its roots. Common mani-
festations include headache, altered mental status, 
confusion, and seizure. Cranial nerve involvement 
can manifest as double vision, hearing loss, facial 
numbness/paralysis, dysphagia, or loss of vision. Spi-
nal cord and nerve-root compromise can produce 
weakness, numbness, and pain at different levels  
and dermatomes. As the disease progresses, new 
deficits can be observed and the initial deficits begin  
to worsen; coma and death can follow during the final 
stages of disease.37

Diagnosis
Once the diagnosis of leukemic and lymphomatous 
meningitis is clinically suspected, a useful — and typi-
cally confirmatory — test is examination of the CSF, 
generally obtained via lumbar puncture. In most pa-
tients, CSF findings will be abnormal regardless of the 
cytology report. Abnormalities frequently encountered 
include an elevated protein level, pleocytosis, and a 
decreased glucose level. Cytological findings follow-
ing the examination of the CSF will initially be positive 
in approximately 55% to 60% of patients, and a second 
examination will increase the rate of positive find-
ings on cytology in up to 80% of cases.42 Routine use 
of flow cytometry has significantly improved the sen-
sitivity rate of CSF cytology for identifying leptomenin-
geal disease in aggressive lymphoma.37 In up to 20% of 
patients considered to be at high risk for CNS disease, 
flow cytometry will reveal lymphoma cells in the ab-
sence of diagnostic clinical findings.42

Radiologically, findings on contrast-enhanced 
computed tomography (CT) of the cranium will be ab-
normal in 25% to 55% of patients with leukemic and 
lymphomatous meningitis.39 Commonly encountered 
findings include parenchymal volume loss, sulcal-
cisternal enhancement, ependymal and subependy-
mal enhancement, cisternal or sulcal obliteration, en-
hancing nodules, and communicating hydrocephalus. 
Contrast-enhanced magnetic resonance imaging (MRI) 
appears to have greater rates of sensitivity and specific-
ity and may be the imaging modality of choice when 
leukemic and lymphomatous meningitis is suspected.37

Patients with suspected leukemic and lymphoma-
tous meningitis should undergo CSF analysis with cy-
tology and flow cytometry, as well as imaging studies, 
particularly MRI of the whole neuraxis, because leuke-
mic and lymphomatous meningitis can simultaneously 
affect the CNS at different levels.37

Prevention
The prognosis of leukemic and lymphomatous menin-
gitis is poor once it has spread, so prevention is key.43,44 
Several studies and guidelines have addressed the pre-
vention of CNS lymphoma in general and leukemic and 
lymphomatous meningitis in particular; however, no 
consensus exists regarding the optimal form or timing 
of prophylaxis.43,44

CNS prophylaxis is commonly recommended 
in patients considered to be at high risk for CNS lym-
phoma based on certain risk factors (Table 2).45 His-
torically, CNS prophylaxis was delivered via the IT or 
systemic route. Agents administered via the IT route 
include MTX, cytarabine (regular or sustained release), 
steroids (hydrocortisone and dexamethasone), and 
rituximab. Typically, patients receive 4 to 6 low doses 
(12–15 mg) of IT MTX concomitantly with ongoing sys-
temic chemotherapy. IT MTX is not without risk, and 
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no randomized study has shown that IT prophylaxis 
is effective in preventing leukemic and lymphomatous 
meningitis or CNS lymphoma spread.37,38,41

Systemic chemotherapy in the form of high-dose 
antimetabolites (MTX, cytarabine) has been used to 
prevent or preemptively treat CNS lymphoma. A the-
oretical advantage to this therapy is its ability to treat 
parenchymal disease of the brain. Several large, mul-
ticenter studies have evaluated this approach and have 
shown a significant decrease in CNS disease.46,47 How-
ever, the optimal dose, infusion rate, number of cycles 
required, and need for concomitant IT MTX are un-
known. In addition, high-dose MTX requires inpatient 
administration, clinical expertise, and rapid access to 
serum blood levels (to check MTX levels) to prevent 
toxicity. Renal impairment, mucositis, and myelosup-
pression are potential risks.37,38

Treatment
Once leukemic and lymphomatous meningitis has de-
veloped, treatment is palliative in most patients, with 
few surviving the disease long-term.39-41 Furthermore, 
in many patients leukemic and lymphomatous men-
ingitis develops at the same time in many individuals; 
to compound the issue, systemic relapse makes treat-

ment more complex.
The role of surgery is limited. The primary indi-

cation for radiotherapy is the concomitant presence 
of parenchymal disease of the brain. Other indica-
tions include localized disease identified on imaging 
or irradiation of the base of the brain in patients with 
symptomatic hydrocephalus to relieve the obstruction 
of CSF flow. The role of radiotherapy is palliative and 
it has no impact in survival.

Similar to the treatment of PCNSL, high-dose in-
travenous MTX, cytarabine, and thiotepa have been 
used in select cases of leukemic and lymphoma-
tous meningitis.37 For patients achieving remission,  
high-dose chemotherapy with autologous HSCT may 
induce durable remissions and may be curative in 
some cases. Achieving complete clearance of CNS dis-
ease before autologous HSCT appears to be critical for 
treatment success.48-50

Two small randomized clinical trials included 
223 patients with neoplastic meningitis, 57 of them 
whose disease was associated with leukemia or lym-
phoma.51,52 In these trials, sustained-release and stan-
dard formulations of cytarabine were compared. In-
tention-to-treat analysis showed a better response for 
sustained-release cytarabine, and treatment was as-
sociated with an improved mean change in Karnofsky 
performance score.51,52 In addition, more study patients 
treated with sustained-release cytarabine died of sys-
temic disease, whereas more study patients treated 
with cytarabine died from progressive neoplastic men-
ingitis. Sustained-release cytarabine had a higher re-
sponse rate, better rates of quality of life, and better 
control of leukemic and lymphomatous meningitis.51,52

Because the treatment of leukemic and lymphoma-
tous is generally palliative, choice of therapy should be 
individualized. The optimal treatment remains unde-
fined. Select patients are candidates for aggressive in-
tervention with the goal of clearing CNS and systemic 
disease. If complete remission is obtained, then these 
patients may achieve durable disease control and cure 
with subsequent autologous HSCT.

Central Nervous System Leukemia
Leukemic involvement of the CNS is rarely observed 
in adults, particularly when compared to children 
with similar diagnoses.1 The low incidence in the set-
ting of newly diagnosed leukemia compounded with 
the difficulties in breaching the blood–brain barrier 
with antileukemic therapies raises questions regard-
ing the identification of high-risk features for CNS 
involvement, as well as prophylaxis and treatment 
strategies for CNS leukemia.

Acute Myeloid Leukemia
In adults, the exact incidence of CNS involvement 
because of acute myeloid leukemia (AML) is unknown. 

Table 2. — Indications for CNS Prophylaxis in Lymphoma

Estimated 
Risk, %

Disease Prophylaxis  
Indicated

< 2 Follicular lymphoma
Lymphoplasmacytic 
lymphoma
Marginal zone lymphoma
Mycosis fungoides

—

2–5 DLBCL
Mantle with no high risk
PTCL

—

5–20 DLBCL
High-risk location (testis, 
breast, kidney, epidural, 
bone marrow)
Mantle cell blastic variant
MYC/BCL2 rearrangement/
overexpression 
PTCL with high risk by IPI 
with high LDH level and  
> 1 extranodal site

Baseline evaluation with 
CSF cytology, flow, and 
imaging if clinically 
indicated
High-dose intravenous or 
IT MTX/cytarabine

> 20 Burkitt lymphoma
Intravascular large B-cell 
lymphoma
Lymphoblastic lymphoma

CSF = cerebrospinal fluid, CNS = central nervous system,  
DLBCL = diffuse large B-cell lymphoma, IPI = International Prognostic Index, 
IT = intrathecal, LDH = lactate dehydratase, MTX = methotrexate,  
PTCL = peripheral T-cell lymphoma.
Data from reference 45.
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Based on large retrospective studies, the incidence rate 
may be between 1% and 3% in all patients, regardless of 
age — a range less than the reported 11% incidence rate 
in pediatric AML.53-56 In fact, the incidence rate might 
be higher, because CNS investigations are performed 
only if clinically indicated, so the incidence could be 
higher if CNS surveillance was routinely part of the di-
agnostic workup.54

Risk Factors and Prophylaxis: Risk factors for 
CNS involvement of AML were identified in large, ret-
rospective series (Table 3); however, the low incidence 
rates of CNS involvement include all adult cases of 
AML.53,54 One such risk factor identified is young age. 
Two series report that an age younger than 45 or 50 
years increases risk for CNS involvement.53,54 Hyperleu-
kocytosis at diagnosis (white blood cell [WBC] count > 
50,000 or 100,000/µL) is a risk factor for CNS involve-
ment by AML. For promyelocytic leukemia, a WBC 
count above 10,000/µL is correlated with extramedul-
lary relapse, including CNS relapse.57 Other risk factors 
include poor-risk cytogenetic abnormalities, elevated 
LDH level, or M4/5 subtype.

Clinical manifestations of CNS leukemia are indi-
cations for diagnostic imaging (MRI of the brain) and 
lumbar puncture; routine CSF testing is not indicated. 
The impact of CNS involvement has been questioned 
for AML. Compared with AML without CNS involve-
ment, CNS involvement at diagnosis had no effect on 
5-year OS and PFS rates.53 This finding may be due to 
the CNS penetration achieved by cytarabine, which is 
used in induction and consolidative regimens.53 An-
other study found similar rates of CNS involvement, re-
gardless of intensity of cytarabine regimen used.54 Two 
other studies observed no impact of CNS involvement 
on outcomes following transplant.58,59 It is worth not-
ing that, as reported by Bar et al,59 routine CSF evalua-
tion prior to transplantation revealed cases of leukemic 
involvement in CNS not discovered at diagnosis. This 
finding led to CNS-directed treatment with IT chemo-
therapy and, in some cases, with craniospinal irradia-
tion. All study patients affected achieved a complete 
response prior to transplant.59 Thus, it is plausible that 
this led to the outcome rates comparable with AML 
without CNS involvement.59

Neither CSF sampling nor routine CNS prophy-
laxis in AML is recommended, although any patient 
with neurological symptoms, especially those with  
high-risk features, should undergo CSF evaluation and 
receive IT therapy if AML is detected.

Acute Lymphoblastic Leukemia
Leptomeningeal involvement is uncommon in adults 
with acute lymphoblastic leukemia (ALL), but it is more 
frequent in the pediatric population.53,54 Patients with 
CNS involvement may experience symptoms such as 
headache, cranial nerve palsy, and spinal cord abnormal-

ities, manifested by symptoms such as pain, paresthe-
sia, motor weakness, or bladder or bowel dysfunction. 
However, CNS involvement may also be asymptomatic.

Meningeal involvement has been reported in ap-
proximately 5% to 6% of adults with ALL at the time of 
diagnosis.60,61 Certain features have been identified as 
risk factors for CNS involvement, including B-cell phe-
notype, a high proliferation rate, elevated LDH level, 
and certain high-risk cytogenetics (Table 4).60,62 Pa-
tients can also be stratified according to risk for CNS 
recurrence based on CSF examination findings63: 

• CNS1: No leukemic blasts 
• CNS2: < 5 WBCs/µL with blasts
• CNS3: > 5 WBCs/µL with blasts
A higher incidence of relapse in CNS has been de-

scribed in adults, particularly with regard to the prior 
use of CNS prophylaxis.53,54 Thus, the poor prognosis 
associated with leukemic CNS relapse makes preven-
tion critical to the management of ALL.

Prophylaxis
Intrathecal Chemotherapy/Systemic Chemotherapy: 
Except for high-dose MTX and cytarabine, systemic 

Table 4. — Risk Factors for CNS Involvement in ALL

Characteristic Cytogenetic Risk
Lactate dehydratase level > 600 U/L Presence of Philadelphia  

chromosome t(9:22)

Elevated β-2 microglobulin level t(8:14)

High proliferative index (> 14% lymphoblasts 
in cell cycle [S or G2/M phase])

t(4:11)

Mature B-cell phenotype Complex karyotype  
(> 5 chromosomal  
abnormalities)

Blast expression of CD56 Low hypodiploidy/ 
near triploidy

ALL = acute lymphoblastic leukemia, CNS = central nervous system. 
Data from references 60 and 62.

Table 3. — Risk Factors for CNS Involvement by AML

Variable Risk Factor
WBCs > 50,000/µL

LDH > 2.5 × ULN

Cytogenetics Complex cytogenetics
inv(16), 11q23 abnormalities
Trisomy 

Age < 50 y

FAB subtype M4, M5

AML = acute myeloid leukemia, CNS = central nervous system,  
FAB = French–American–British, LDH = lactate dehydratase,  
ULN = upper limit of normal, WBC = white blood cell. 
Data from references 53 and 54.
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chemotherapy for the prevention of CNS relapse is lim-
ited by its ability to penetrate the blood–brain barrier. 
IT chemotherapy produces cytotoxic concentrations in 
the CSF, even when small doses are used, and systemic 
toxicity is very rare. Commonly used agents include 
MTX, cytarabine, and corticosteroids. These have been 
used in various combinations and either as single-mo-
dality agents or in combination with systemic chemo-
therapy. Liposomal cytarabine is another IT therapy 
that can be used. A sustained-release formulation of 
cytarabine exists to prolong the cytotoxic drug concen-
trations of cytarabine in the CSF. Although it has been 
interchangeably used with IT cytarabine, it is generally 
studied only in retrospective studies or used as an in-
vestigational drug in cases granted expanded access, 
also known as compassionate use.64,65 Concerns exist 
regarding its neurotoxicity when the drug is concur-
rently given as prophlyaxis with systemic chemothera-
py,66 and its efficacy as a prophlyaxis compared with IT 
cytarabine has not been studied in a prospective man-
ner in the setting of hematological malignancies.

Pui et al67 demonstrated the effectiveness of inten-
sive IT therapy, also known as triple IT therapy. Triple 
IT therapy consists of the simultaneous IT administra-
tion of MTX, cytarabine, and hydrocortisone. They re-
ported that the 5-year cumulative risk of isolated CNS 
relapse was 1.7% and observed an isolated plus com-
bined CNS recurrence rate of 3% to 4%.67 The research-
ers noted that these rates were comparable with those 
seen in cranial irradiation.67

Use of escalated doses of systemic MTX and cyta-
rabine have been tailored to increase CNS penetration, 
which, in combination with IT chemotherapy, rep-
resents the standard of care for the treatment of ALL 
in adults. Investigators compared the historical treat-
ments of ALL, including therapy omitting IT chemo-
therapy (vincristine, doxorubicin, and dexamethasone; 
pre-VAD), chemotherapy with IT chemotherapy (modi-
fied VAD), and systemic dose–intensification with 
IT chemotherapy (hyperfractionated cyclophospha-
mide, vincristine, doxorubicin, and dexamethasone 
[CVAD]).60,68 The overall CNS relapse rate of pre-VAD 
was 31%.60,68 The overall CNS relapse rates with modi-
fied VAD and hyperfractionated CVAD were 17% and 
3%, respectively, highlighting the role of intensive sys-
temic chemotherapy and the role of IT chemotherapy 
in reducing CNS relapse.60,68 Combination regimens in-
corporating intensive systemic chemotherapy with IT 
chemotherapy have improved outcomes and reduced 
rates of CNS relapse (Table 5).68-70 Another intensive 
therapy utilized in the treatment of adult ALL — allo-
geneic stem cell transplantation — has been shown to 
have a beneficial effect.71 The risk of CNS relapse is in-
creased in those with CNS involvement prior to allo-
geneic stem cell transplantation compared with those 
without involvement; however, 1 multicenter, retro-

spective study was not able to find any benefit with 
post-transplant IT chemotherapy prophylaxis at pre-
venting CNS relapse.71,72

Radiotherapy
Craniospinal radiotherapy represents one of the old-
est modalities of CNS prophylaxis.73 It has shown to be 
beneficial in the pediatric population, but its role in the 
management of ALL in adults is limited.61

Lazarus et al61 utilized radiotherapy and IT chemo-
therapy for CNS prevention, reporting a CNS relapse 
rate of approximately 4%. This rate of relapse was sim-
ilar to other radiotherapy-sparing prophylaxis strate-
gies previously described.61 Because of the effects of 
radiotherapy, including secondary malignancies, neu-
rocognitive deficits, and reduced quality of life, radio-
therapy is not standard treatment for CNS prophylaxis 
in adults with ALL.61

Conclusions
Leukemic and lymphomatous meningitis can arise as a 
sequela of various hematological malignancies, includ-
ing primary central nervous system (CNS) lymphoma, 
secondary lymphoma, or leukemic involvement from 
acute myeloid leukemia or acute lymphoblastic leuke-
mia. Identification of diseases at high risk for CNS in-
volvement and other risk factors can be critical for the 
early detection of the condition, as well as for optimiz-
ing prophylaxis strategies. Leukemic and lymphoma-
tous meningitis can be treated and, in some cases, pre-
vented through the use of direct intrathecal therapy and 
systemic therapies geared toward CNS penetration. Fu-
ture studies should continue to study treatment options 
and prevention strategies for leukemic and lymphoma-
tous meningitis from hematological malignancies.
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Some reports suggest the tide may  

be turning for this challenging disease.

Experimental Treatments for Leptomeningeal Metastases  
From Solid Malignancies

Solmaz Sahebjam, MD, Peter A. Forsyth, MD, Keiran S. Smalley, PhD, and Nam D. Tran, MD, PhD
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Background: Leptomeningeal metastasis is a consequence of advanced solid malignancies and has limited 
treatment options. It is possible that it is becoming more common as the leptomeninges act as a sanctuary site 
for recurrence from systemic cancer. 
Methods: Potential targeted and immunotherapy agents for the most common types of solid-tumor leptomen-
ingeal metastasis are reviewed, as are their dosing/delivery strategies and novel, immunological approaches. 
Results: Historically, patients with leptomeningeal metastasis have been excluded from clinical trials, and data 
on the management of leptomeningeal metastasis come from single case reports and retrospective analyses.
Conclusion: For the first time ever, published reports suggest the tide may be turning in this challenging disease.

Introduction
Leptomeningeal metastasis occurs in more than 5% 
of patients with advanced solid tumors.1 The most 
common solid malignancies leading to leptomen-
ingeal metastasis are adenocarcinomas of the breast  
(12%–35%), adenocarcinomas of the lung (10%–26%), 
and melanoma (5%–25%).1 Prognosis is poor for lepto-

meningeal metastasis: The median overall survival 
rate after diagnosis is approximately 2 to 3 months.1,2 
Improved imaging techniques have resulted in an in-
creased number of diagnosed cases of leptomeningeal 
metastasis. The advent of targeted drugs and immu-
notherapies — often with limited penetration into the 
central nervous system (CNS) — have improved the 
survival of patients with advanced solid malignancies. 
However, these advancements have led to an increased 
prevalence of CNS metastases and leptomeningeal me-
tastases over time. The leptomeningeal compartment 
has unique features that may allow it to function as a 
“sanctuary site” for recurrence from systemic cancer. 
Drugs with poor blood–cerebrospinal fluid (CSF) per-
meability undertreat the tumoral cells in the subarach-
noid space, which can subsequently escape the antitu-
moral effect and proliferate on the meninges.1

Treatment options for patients with leptomeningeal 
metastasis remain limited: Neither whole-brain radio-
therapy nor systemic or intrathecal chemotherapy 
significantly improves outcomes.1 In general, patients 
with leptomeningeal metastasis are excluded from clini-
cal trials because of their poor prognosis and to mini-
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mize results that are not reproducible. Thus, treatment data 
for leptomeningeal metastasis are limited to small case 
series, thereby limiting our ability to draw conclusions 
that will apply to patients with leptomeningeal metastasis.

Investigational treatment options (targeted and im-
munotherapies) that may be beneficial in patients with 
the most common types of leptomeningeal metastasis 
are discussed below and also appear in the Table.3-18

Targeted Therapies 
Melanoma
BRAF Inhibitors: Several case series and retrospec-
tive reviews have shown an intracranial benefit for 
patients with active brain metastases harboring BRAF 
V600 mutations treated with vemurafenib.4,5,19 An intra-
cranial response rate of 48.1% was reported by Gibney 
et al.19 However, the activity of vemurafenib in patients 
with leptomeningeal metastasis is less clear. In 2 patients 
with tumors harboring BRAF V600 mutations, treat-
ment with either vemurafenib alone or in sequence 
with whole-brain radiotherapy resulted in marked re-
sponses and the long-term stabilization of leptomen-
ingeal disease.4,5 Schäfer et al4 studied the drug in a 
person with leptomeningeal metastasis whose disease 
was unresponsive to whole-brain radiotherapy. Dos-
ing of vemurafenib was given at 960 mg twice per day. 
Twelve weeks after the initiation of vemurafenib, the 
patient had a complete resolution of clinical symp-
toms, achieved a cytological response in CSF, and 
had marked radiographic regression of the meninge-
al lesions on magnetic resonance imaging.4 However, 
analyses of the CSF concentration of vemurafenib in 
patients with brain metastases have revealed very low 
ratios of CSF:plasma concentration (0.98% ± 0.84%) and 
large rates of interindividual variability.20

Dabrafenib has demonstrated intracranial an-
titumor activity in patients with BRAF V600E or  
V600K–mutant melanoma brain metastases.21 In a 
phase 2 trial evaluating dabrafenib in patients with ac-
tive brain metastases from BRAF V600E or V600K–mu-
tant melanoma, the overall intracranial response rates 
(complete response + partial response) of 39.2% and 
6.7% were observed in those with no previous local 
treatment and BRAF V600E or V600K–mutant tumors, 
respectively.21 These results suggest that dabrafenib 
can functionally penetrate the disrupted blood–brain 
barrier within melanoma brain metastases.

Wilgenhof and Neyns3 reported a patient with 
leptomeningeal metastasis from BRAF V600E–mutant 
melanoma treated with dabrafenib 150 mg twice a day. 
Complete imaging and cytological response were ob-
served after 4 weeks of dabrafenib and continued at 
the time of report (15 weeks after the initiation of dab-
rafenib), suggesting that dabrafenib may have poten-
tial benefit in patients with leptomeningeal metastasis 
from BRAF V600E or V600K–mutant melanoma.3

Non–Small-Cell Lung Cancer
Epidermal Growth Factor Receptor–Tyrosine Ki-
nase Inhibitors: High-dose epidermal growth fac-
tor receptor–tyrosine kinase inhibitors. High-dose 
tyrosine kinase inhibitors (TKIs) have been used to 
treat leptomeningeal metastasis from EGFR-mutant  
non–small-cell lung cancer (NSCLC) based on the hy-
pothesis that higher concentrations in the CSF can be 
reached by using higher, systemic concentrations of 
TKI.6,22 Using standard doses of epidermal growth fac-
tor receptor (EGFR)–TKIs, CSF concentrations of the 
drug can be as low as 1% plasma levels below half maxi-
mal inhibitory concentration.6,22 Therefore, the CSF con-
centration of EGFR-TKIs achieved by standard daily dos-
ing may be insufficient for a therapeutic effect.

By contrast, the intermittent “pulsatile” administra-
tion of high-dose erlotinib (1500 mg once weekly) has 
been shown to be well tolerated and does achieve thera-
peutic drug levels in the CSF.22 With this regimen, concen-
trations of the drug in the CSF exceeded the half maximal 
inhibitory concentration for EGFR-mutant lung cancer 
cells in a patient with leptomeningeal metastasis.22

Grommes et al11 reported on a series of 9 patients 
with EGFR-mutant NSCLC who had developed CNS 
metastases despite conventional daily erlotinib therapy 
or other EGFR-TKIs. Eight patients had leptomeninge-

Table. — Targeted Therapies for Select Patients  
With Leptomeningeal Metastasis From Melanoma, NSCLC,  

or Breast Cancer

Study Tumor Type Targeted Therapy
Breast Cancer

Ferrario16 
Martens17 
Platini10 
Stemmler15 
Zagouri18

ERBB2 positive Intrathecal trastuzumab

Melanoma

Lee5

Schäfer4

BRAF mutant Vemurafenib

Wilgenhof3 Dabrafenib

NSCLC

Jackman6

Yuan14

EGFR mutant High-dose daily gefitinib

Cessot12

Grommes11

Kuiper13

Pulsatile high-dose erlotinib

Lin7 Dual targeting  
(afatinib/cetuximab)

Arrondeau8 ALK rearranged Ceritinib

Gainor9 Alectinib

NSCLC = non–small-cell lung cancer.
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al metastasis. Pulsatile erlotinib was administered as 
monotherapy to all patients at a median weekly dose of 
1500 mg (range, 900–1500 mg).11 Median time to CNS 
progression was 2.7 months (range, 0.8–14.5 months), 
and the median overall survival rate was 12 months.11

Several reports of patients with leptomeningeal 
metastasis from EGFR-mutant NSCLC have described 
similar responses with pulsatile high-dose erlotinib 
or daily high-dose gefitinib.6,12-14 These data suggest 
that high-dose EGFR-TKI therapy can be effective in 
achieving higher CSF concentrations of the drug and, 
therefore, may control leptomeningeal metastasis in a 
subset of patients with EGFR-mutant NSCLC.

Dual-targeting of epidermal growth factor 
receptor. Dual targeting of EGFR has been reported 
as a potential therapy for patients with leptomeningeal 
metastasis from EGFR-mutant NSCLC.23 A phase 1b tri-
al combining afatinib, a second-generation EGFR-TKI, 
and cetuximab observed an objective response rate of 
29% in individuals with advanced EGFR-mutant NSCLC 
with systemic disease progression after receiving ge-
fitinib or erlotinib.23 This result has raised the ques-
tion as to whether this strategy might be effective in 
controlling leptomeningeal metastasis in patients with 
EGFR-positive NSCLC.

Lin et al7 reported on 1 patient with exon 19 deleted 
NSCLC who developed leptomeningeal metastasis 
after 4 years of multiple treatments, including gefitinib 
and erlotinib. Treatment with 1 month of pulsatile er-
lotinib, at a dose of 1050 mg weekly, did not control 
leptomeningeal metastasis, but subsequent treatment 
with afatinib 40 mg daily and cetuximab 250 mg/m2 
biweekly resulted in clinical improvement as well as 
improvement seen on imaging.7 The improvement 
in leptomeningeal metastasis remained stable until 
the patient died from systemic disease progression 
4 months later.7 The authors suggest that dual-targeted 
therapy may still benefit patients with leptomeningeal 
metastasis from EGFR-positive NSCLC whose disease 
has progressed on a high-dose TKI.7

Tyrosine Kinase Inhibitors of Anaplastic 
Lymphoma Kinase in Lung Cancer: The CNS is a 
frequent site of relapse among patients with ALK-rear-
ranged NSCLC who have been treated with crizotinib.24 
The poor penetration of crizotinib to the brain (“phar-
macokinetic relapse”), rather than cellular resistance, has 
been suspected as the mechanism of treatment failure.24,25

Ceritinib is a potent inhibitor of anaplastic lym-
phoma kinase (ALK) that has shown significant benefit 
in ALK-rearranged NSCLC refractory to crizotinib ther-
apy.26 It also has activity in the CNS: Partial responses 
have been seen in brain metastases among crizotinib-
naive and crizotinib-refractory tumors, suggesting 
possible activity in patients with leptomeningeal me-
tastasis.26 Arrondeau et al8 reported on 1 patient with 
crizotinib-refractory leptomeningeal metastasis who 

was treated with daily ceritinib (initially 750 mg and 
then 600 mg). The patient achieved stable disease 
seen on imaging and durable clinical improvements 
that lasted for more than 6 months.8 However, ceri-
tinib has been shown to cross the blood–brain bar-
rier in rat models at a brain-to-blood exposure ratio 
(AUCinf) of 15%.27 Although its penetration into the 
CSF in patients with leptomeningeal metastasis is 
unknown, CSF concentration is likely higher due to 
a disrupted blood–CSF barrier in the setting of lepto-
meningeal metastasis. 

Alectinib is a second-generation TKI of ALK that 
has shown promising CNS activity in study patients 
with ALK-rearranged NSCLC. It is approximately 
5 times more potent than crizotinib against ALK, and 
it inhibits RET with similar potency to ALK.28 Preclini-
cal studies have suggested that alectinib is not a sub-
strate of P-glycoprotein, a key factor in the blood–brain 
barrier, and that it achieves high brain-to-plasma ra-
tios (range, 0.63–0.94) in intracranial tumor implanta-
tion murine models of EML4-ALK–positive NSCLC.28 
In a phase 2 study of alectinib in crizotinib-refractory 
ALK-rearranged NSCLC, a complete CNS response 
rate of 27% was observed.29 Alectinib also resulted 
in an overall CNS response rate of 57% in study pa-
tients with measurable CNS metastases.29 Alectinib 
has shown efficacy in symptomatic individuals who 
have crizotinib- or ceritinib-refractory leptomeningeal 
metastasis.9 In a case series by Gainor et al,9 alectinib  
600 mg twice daily resulted in significant clinical and 
radiographic improvements in 3 out of 4 of patients 
with crizotinib- or ceritinib-refractory leptomeningeal 
metastasis from ALK-rearranged NSCLCs. The fourth 
patient achieved stable disease for approximately 
4 months.9

PF-06463922 is an investigational agent with 
superior potency against all known clinically ac-
quired ALK mutations, including the highly resistant  
G1202R mutant, and is designed to minimize P-gly-
coprotein–mediated drug efflux and optimize pene-
tration of the CNS.30 It has shown significant regres-
sion of EML4-ALK–driven brain metastases in murine 
models, which led to prolonged rates of survival.30 
This drug is being investigated in a phase 1/2 trial.

Breast Cancer
Intrathecal Trastuzumab: ERBB2 (formerly known 
as HER2/neu)-positive breast cancers have a high af-
finity for CNS involvement.31 Better control of system-
ic ERBB2-positive breast cancer with agents such as 
trastuzumab has led to a higher prevalence of CNS and 
leptomeningeal metastases. Trastuzumab can be intra-
thecally administered, either alone or in combination 
with different chemotherapy agents (eg, methotrexate) 
and has shown promising results in participants with 
leptomeningeal metastasis from ERBB2-positive breast 
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cancer.10,15-18 Although this treatment regimen has not 
yet been reported in a clinical trial setting, numerous 
case reports have demonstrated its safety and efficacy 
in patients with ERBB2-positive breast cancer–asso-
ciated leptomeningeal metastasis.18 Systemic review 
and pooled analyses of 17 patients treated with intra-
thecal trastuzumab alone or in combination with che-
motherapy reported a median overall survival rate of 
13.5 months (compared with 5.9 months in historical 
cohorts) and a median CNS progression-free survival 
rate of 7.5 months.18 The continued administration 
of intrathecal trastuzumab beyond disease progres-
sion and switching intrathecal chemotherapy agents 
appeared to be safe and resulted in significant clini-
cal benefit (median CNS progression-free survival of 
9.4 months beyond progression).18 The recommended 
dosing schedule of intrathecal trastuzumab adminis-
tration is unknown, and different dosing ranges 
(eg, 20–100 mg weekly, 100–150 mg biweekly) have 
been used with no safety issues.18 In our experience, 
intrathecal trastuzumab is a safe and effective therapy 
for patients with ERBB2-positive breast cancer lepto-
meningeal metastasis, which can delay the need for 
whole-brain radiotherapy and provide clinical and 
cytological improvements as well as improvements 
seen on imaging.

Immunotherapies
Checkpoint Inhibitors
Antibodies against cytotoxic T-lymphocyte antigen 
4 (CTLA-4) and programmed cell death 1 (PD1) have 
significant activity in extracranial metastatic melanoma. 
Anti-PD1 and anti–programmed cell death ligand 1 
(PD-L1) antibodies have been approved for the treat-
ment of metastatic melanoma, NSCLC, and renal cell 
carcinoma and are showing promising results in sev-
eral other tumor types.

Two prospective, phase 2 trials have shown the ef-
ficacy of ipilimumab, an anti-CTLA-4 antibody, among 
patients with melanoma-associated brain metasta-
sis.32,33 In a phase 2 study by Margolin et al,33 ipilim-
umab monotherapy resulted in a CNS response rate 
of 16%; a median overall survival of 7 months was 
observed in those with symptomatic brain metasta-
ses.33 At present, multiple studies are investigating 
the efficacy of anti-PD-1/PD-L1 antibodies in patients 
with brain metastases (NCT02320058, NCT02374242, 
NCT02621515).

However, there are very limited data available in 
use of these antibodies in patients with leptomenin-
geal metastasis. In a case report by Bot et al,34 a patient 
with melanoma-associated leptomeningeal metastasis 
received whole-brain radiotherapy (5 times 4 Gy) fol-
lowed by 4 courses of ipilimumab 3 mg/kg every 
3 weeks. Complete clinical and radiological responses 
were observed; the patient survived for more than 

1.5 years.34 At this time, no report has been pub-
lished on the use of other immune checkpoint in-
hibitors in patients with leptomeningeal metastasis.  
Thus, future studies are required to assess the effica-
cy of these antibodies alone or in combination with 
other treatment strategies in patients with leptomen-
ingeal metastasis.

Intrathecal Interleukin 2 
Few data have been published on intrathecal inter-
leukin 2 (IL-2) therapy. One study reported on 42 par-
ticipants with melanoma-associated leptomeningeal 
metastasis who were treated with 1 to 5 doses of intra-
thecal IL-2 every week for 4 weeks, followed by weekly 
injections for 4 weeks, and then every other week.35 
The study patients continued to receive single-injection 
maintenance doses every 1 to 3 months. A median sur-
vival rate of 9.1 months (range, 0.7–86.2) was report-
ed, and 16% of study patients had an overall survival 
of more than 24 months.35 The authors reported that 
severe cases of increased intracranial pressure (an ad-
verse event of treatment) requiring frequent CSF re-
moval were observed.35 Although this single-institution 
study is encouraging, more data are needed to confirm 
the efficacy of this treatment strategy.

Intrathecal Tumor-Infiltrating Lymphocyte Therapy
Adoptive T-cell therapy using autologous tumor-infil-
trating lymphocytes (TILs) has emerged as a promis-
ing therapy for advanced solid tumors. TIL therapy has 
resulted in response rates of approximately 50% in pa-
tients with refractory melanoma.36 However, few data 
are available on the intrathecal administration of TILs 
in patients with leptomeningeal metastasis.37,38 Glitza 
et al37 have reported that intrathecal autologous TILs in 
combination with intrathecal IL-2 were safe and feasible 
in an individual with refractory leptomeningeal metas-
tasis from melanoma whose disease had progressed 
after monotherapy with intrathecal IL-2. This patient 
received 3 doses of intrathecal TILs (0.3 × 109 cells, 
1.0 × 109 cells, and 3.0 × 109 cells) 1 week apart; the 
TILs consisted of 96% CD8+ T cells.37 Injections of TILs 
were well tolerated. On days 1 and 4 after intrathecal 
TILs, intrathecal IL-2 (1.2 million U) was administered. 
Intrathecal IL-2 was associated with nausea, vomiting, 
headache, chills, and transient changes in mentation 
requiring the serial removal of CSF due to elevated in-
tracranial pressure. 37 The radiographic stabilization of 
leptomeningeal metastasis was observed after intrathe-
cal TIL therapy; however, the therapy did not control 
the parenchymal brain metastases, which progressed 
approximately 3 months following therapy.37

Conclusions
Leptomeningeal metastasis is a major medical compli-
cation of systemic cancer that has become more com-
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mon as major advances are made in cancer treatments. 
Paradoxically, our understanding of the mechanisms 
of the development and biology of leptomeningeal 
metastasis is poor. The incidence of leptomeningeal 
metastasis is likely to continue to increase due to im-
proved overall survival of patients with cancer and 
because of more effective systemic treatments with 
limited penetrance into the central nervous system. 
As such, effort should be made to develop novel mol-
ecules to improve central nervous system penetration 
and to optimize drug-delivery methods. Patients with 
leptomeningeal metastasis are generally excluded from 
clinical trials, thereby limiting the systematic assess-
ment of novel therapies in this subgroup of patients 
with poor prognoses. Retrospective analyses involv-
ing a heterogeneous group of patients can provide in-
formation on possible treatment options that may be 
used for the treatment of patients with leptomeningeal 
metastasis; however, no significant conclusions about 
safety and predicted responses can be drawn with the 
data currently available. Moving forward, every effort 
should be made to enroll patients with leptomeningeal 
metastasis into trials investigating novel agents with 
the potential to penetrate the blood–brain barrier. The 
issues of the relatively poor prognosis and the com-
plexity of assessing responses in this patient popula-
tion may be further addressed by designating specific 
cohorts for patients with leptomeningeal metastasis 
from tumor types of interest.
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The incidence of leptomeningeal  

carcinomatosis has shifted in recent years 

due to advanced oncology treatments.

Surgical Treatment for Leptomeningeal Disease
Andrey A. Volkov, DO, Andreas K. Filis, MD, and Frank D. Vrionis, MD, PhD
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Background: Advancements in cancer treatment have led to more cases of leptomeningeal disease, which 
requires a multimodal approach.
Methods: Treatment modalities are reviewed from a neurosurgical standpoint, focusing on intrathecal che-
motherapy and shunting devices. Potential complications and how to avoid them are discussed.
Results: The Ommaya reservoir and the chemoport are used for administering intrathecal chemotherapy. Use 
of ventriculo-lumbar perfusion can efficiently deliver chemotherapeutic agents and improve intracerebral 
pressure. Shunting systems, in conjunction with all of their variations, address the challenge of hydrocephalus 
in leptomeningeal carcinomatosis. Misplaced catheters, malfunction of the system, and shunt-related infec-
tions are known complications of treatment.
Conclusions: From an oncological perspective, the surgical treatment for leptomeningeal disease is limited; 
however, neurosurgery can be used to aid in the administration of chemotherapy and address the issue of 
hydrocephalus. Minimizing surgical complications is important in this sensitive patient population.

Introduction
Leptomeningeal disease has been traditionally consid-
ered an end-stage diagnosis, and the prognosis has been 
poor; however, progress in chemotherapeutic agents has 
led to more favorable outcomes.1-3 Although there is rarely 
a solid tumor that exists in leptomeningeal carcinomato-

sis to resect, there is a role for neurosurgical intervention. 
In this paper, we review our understanding of de-

vices used to access to the ventricular system as well 
as shunt systems. We also provide an overview of the 
most common complications and discuss techniques 
such as neuronavigation that help minimize rates of 
morbidity and mortality from leptomeningeal disease.

Ommaya Reservoir
The mainstay of treatment for leptomeningeal disease 
is intrathecal chemotherapy, which is most commonly 
applied through an Ommaya reservoir.4,5 It is an intra-
ventricular catheter system that encompasses a silicon 
reservoir on the top. Because silicon is self-sealing, it 
allows for multiple punctures to be made so that the 
agent can be intraventricularly administered.

The Ommaya reservoir was invented in 1963 and 
is synonymous with the Rickham reservoir.6 Typical-
ly, it is placed with the tip of the drain into the frontal 
horn of the right ventricle in the nondominant hemi-
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sphere. The surgical technique for placement of the 
Ommaya reservoir is similar to that for an external 
ventricular drain. After a skin incision, which should 
be straight or horseshoe-like, a burr hole is placed 
at the Kocher point. This point is approximately  
11 cm from the nasion and 2.5 cm from the parasagit-
tal plane, generally 1 cm anterior to the coronal su-
ture at the ipsilateral midpupillary line. A subgaleal 
pocket for the reservoir is created. After the surgeon 
identifies the coronal suture, the burr hole is placed  
1 cm anteriorly. The dura is coagulated and incised 
and then a ventricular drain is inserted toward the 
frontal horn of the ventricle, approximately 5.5 cm 
deep from the dura. Landmarks that the surgeon 
should use to insert the drain freehand include the 
ipsilateral canthus and the external auditory meatus. 
The catheter is then connected to the Ommaya reser-
voir and aspiration of cerebrospinal fluid (CSF) is per-
formed to confirm that the drain is intraventricular. 
The incision is then closed in the standard fashion.

Because chemotherapeutic agents are neurotoxic, 
it is crucial to ensure that the drain ends in the ven-
tricle, not in the brain parenchyma. Encephalitis has 
been reported due to a misplaced Ommaya reservour.7 
Therefore, obtaining computed tomography (CT) is 
mandatory following the placement of an Ommaya 
reservoir. Many neurosurgeons advocate for the use of 
intraoperative navigation for an accurate placement of 
the drain and to avoid complications.8,9 In such cases, 
the head of the patient is registered with the naviga-
tion system and then the trajectory is planned. In our 
practice, we use a neuronavigation application when 
the ventricles are small or to perform revision surgery 
for misplaced ventricular catheters.

Ventriculoperitoneal Shunt
Patients with leptomeningeal carcinomatosis can de-
velop elevated intracranial pressure due to commu-
nicating or obstructive hydrocephalus, which may 
warrant intervention in selected cases. Because the 
prognosis of leptomeningeal disease is generally poor, 
surgical treatment may not always be appropriate.

Aspiration of CSF through the Ommaya reservoir 
might be an option to control hydrocephalus, par-
ticularly when used as a temporary solution prior to 
implanting a ventriculoperitoneal shunt (VPS). Gen-
erally, a shunt can be palliatively placed to treat hy-
drocephalus in leptomeningeal disease. The standard 
of therapy for hydrocephalus in the setting of lepto-
meningeal disease is VPS; however, third ventriculos-
tomy, which is the placement of a small hole at the 
bottom of the third ventricle via endoscopy, may be 
an alternative. Performing third ventriculostomy has 
2 advantages: (1) the procedure does not involve im-
plants, so infection risk is minimized, and (2) magnet-
ic resonance imaging (MRI) can be obtained without 

fear of valve malfunctioning or need for readjustment, 
as would be the case in VPS placement.

Typically, shunts consist of a valve, a small reser-
voir, and silicon-reservoir tubing. In a VPS, the valve 
opens when the intraventricular pressure is greater 
than the opening pressure, thus allowing for the spon-
taneous flow of fluid from the ventricles to the peri-
toneum. When the patient is in the supine position,  
the shunt will drain less; in the standing position, 
overdrainage might occur — regardless of the set-
tings — leading to slit ventricle syndrome, subdural 
hematoma, or headache. Antisiphon devices aim to 
minimize this siphon-like effect: When the pressure 
within the shunt decreases beyond a certain point, 
atmospheric pressure transmitted through the skin 
pushes the diaphragm down to block any further flow 
of CSF through the system. Thus, antisiphon devices 
are implanted below the shunt reservoir as a separate 
piece or they can be incorporated into the valve.

The surgical technique for shunt implantation is 
similar to placement of an Ommaya reservoir for the 
ventricular catheter. The ventricular catheter is con-
nected to the valve, not the reservoir. It is important 
to place the valve with the arrows toward the gravi-
tational flow of the CSF. The valve is connected to a 
long catheter, which is tunneled under the skin toward 
the abdomen. The peritoneum is exposed via a small 
incision, and the catheter is intraperitoneally insert-
ed through a small opening. Approximately 10 cm or 
more of the catheter should be within the peritoneum. 
Some surgeons prefer to make skin incisions at the um-
bilical area, use trocars to enter the peritoneal cavity, 
and then insert the catheter intraperitoneally using a 
Seldinger technique. Another method for intraperito-
neal placement of the catheter is via endoscopy. Doing 
so helps to visualize the placement of the catheter.

High levels of CSF protein related to the disease 
itself might be of consideration because it is possible 
that the shunt may not work. According to Stark et al,10 
shunts should work even when the level of CSF protein 
is as high as 3000 mg/dL. Nonetheless, in our every-day 
practice, we would typically aspirate the CSF through 
the Ommaya reservoir for a few days until the protein 
level drops. A strict cutoff for this does not exist.

The neurosurgeon should also consider the dis-
semination of disease to the peritoneum after place-
ment of the VPS. The prognosis of leptomeningeal dis-
ease is poor, so patients may not survive long enough 
to experience issues from peritoneum involvement. 
True incidence of peritoneal seeding could be higher 
than reported.11-13 One article reported the presence of 
malignant ascites after a subduroperitoneal shunt was 
placed in a patient with leptomeningeal disease.14

When applying a chemotherapeutic agent and re-
ducing the amount extraventricularly diverted, the 
programmable valve can be placed on its highest set-
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ting so that the shunt will — albeit temporarily — un-
derperform. After the chemotherapeutic agent is ab-
sorbed, the valve can be reset. Zada and Chen15 have 
published a protocol that involves keeping the pres-
sure at 200 mm H

2
O for 4 hours, then resetting it to 

baseline. Although this is not an option with the non-
programmable shunts used today, these shunts still 
have advantages: They do not require reprogramming 
after obtaining MRI, and, when reprogramming a 
shunt, doing so is easy and reliable.

Chemoport
In 2011, Gwak et al16 reported on their experience with 
a device that would deliver intrathecal chemotherapy 
called the chemoport. The technology is a vascular-ac-
cess device traditionally used for intravenous chemo-
therapy. According to Gwak et al,16 the technique for 
inserting the chemoport is similar to the Ommaya res-
ervoir. However, the method varies because the che-
moport is bulkier than the Ommaya reservoir. Hence, 
the neurosurgeon must drill the outer table of the skull 
to fit the chemoport into the skull engraving. The che-
moport can be punctured many times without leakage 
issues, and it can be taped with a hooked needle and 
then later be connected to a CSF drainage system. In 
this way the chemoport can function as an extraven-
tricular drainage device. By contrast to the Ommaya 
reservoir, which cannot be firmly secured, the chemo-
port sits in the skull engraving.

Use of ventriculo-lumbar perfusion in leptomenin-
geal carcinomatosis has also been advocated by Gwak 
et al.17,18 The principle of ventriculo-lumbar perfusion 
is to insert the chemotherapeutic agent via the Om-
maya or chemoport reservoir and to simultaneously re-
move it via the subarachnoid lumbar space. Better con-
trol of increased intracranial pressure and improved 
responses to chemotherapy have been reported with 
this method.17,18

Complications of Intraventricular Reservoirs 
and Shunts
Intracranial Hemorrhage
During and after the placement of an Ommaya res-
ervoir, shunt catheter, or both, the neurosurgeon 
should consider certain intraoperative challenges 
during the perioperative and postoperative periods. 
Intraoperatively, the trajectory of the placement of 
the catheter is important and must be verified by ei-
ther stereotactic guidance or the precise use of ana-
tomical surface landmarks. Once the catheter is ad-
vanced via the intracranial space through the brain 
parenchyma, the patient will be at risk for vascular 
or parenchymal injury, which can lead to intracranial 
hemorrhage (ICH). Such injury may be present if a 
high degree of brain atrophy is observed and subdural 
hematoma could develop.7 

In addition to a patient’s risk of ICH and subdural 
hematoma, intraventricular hemorrhage (IVH) could 
also occur if the highly vascularized choroid plexus 
is damaged. In a retrospective review of 107 patients, 
Souweidane et al19 discovered 3 cases of ICH and  
1 case of IVH; 2 of the cases of ICH were fatal. Based 
on other reported series, the overall incidence of ICH 
ranges from 0.3% to 4.0%.20 These injuries can be 
avoided by minimizing the number of passes through 
the brain parenchyma, using stereotactic guidance, or 
placing the catheter via endoscopy. In addition to iatro-
genic causes of ICH, complications can also arise from 
patient comorbidities such as coagulopathy due to liver 
damage. Such conditions put patients at higher risk for 
certain complications, and this is especially true for pa-
tients with cancer. Some patients may develop ICH or 
IVH due to anticoagulation or antiplatelet therapy that 
was preoperatively or postoperatively started for vari-
ous other complications such as spontaneous deep ve-
nous thrombosis or pulmonary emboli. 

Other patients may already be taking antiplatelet 
or anticoagulation medications prior to surgery. Plate-
let-activation assays are not routinely checked; howev-
er, during routine checking at our institution, we have 
found that the results of platelet-activation assays are 
often elevated, even though patients have stopped tak-
ing antiplatelet medications as far back as 10 days pri-
or to surgery. Even after the successful placement of a 
reservoir or shunt catheter, and sometimes weeks later, 
the operative site remains vulnerable to hemorrhage. 
Although debate exists among surgeons at our insti-
tution, we tend to place patients on anticoagulation  
24 to 48 hours after surgery, utilizing single doses of 
low-molecular-weight heparin. We typically resume 
antiplatelet medication 7 to 10 days following surgery, 
although no standardized regimen has been published.

Hardware Malposition/Migration
During the placement of the intraventricular catheter, 
the patient is at risk of malposition of the catheter, mi-
gration of the catheter, or both. Bleyer et al21 report-
ed as early as 1978 that 2 of 27 patients treated with 
intrathecal chemotherapy via an intraventricular res-
ervoir system experienced life-threatening complica-
tions due to misplaced catheters. One patient was be-
ing treated for meningeal Burkitt lymphoma, and the 
cause of death was a large mass of tumor cells growing 
around the tip of the catheter, which was found in the 
contralateral cerebral peduncle.21 The tip of the cath-
eter placed in the second patient migrated into the con-
tralateral thalamus.21 

Souweidane et al19 reported that the incidence rate 
of malpositioned catheters was 7.4% for those requir-
ing revision, whereas other centers have reported mal-
position rates to be between 2.7% and 12.5%.22-24 Mal-
positioned catheters can cause neurological deficits 
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due to damage of the eloquent cortex.21,23 Multiple at-
tempts at passing the catheter without any stereotactic 
guidance or lacking direct visualization can also lead 
to improper catheter position or postoperative neuro-
logical deficits. Although the persistent, continuous 
return of CSF has a high sensitivity rate for when the 
catheter is appropriately positioned, CSF may drain 
into other subarachnoid spaces, not the ventricular sys-
tem. We do not recommend it, but intraoperative con-
firmation of the placement of the catheter can be used 
to minimize the incidence of this complication.

The ventricular system has an anatomical variant 
called the cavum septi pellucidi, and its presence can 
deter the catheter from its correct trajectory. If the cath-
eter is placed directly into the defect, then return of the 
CSF may not be observed, prompting the surgeon to 
redirect and attempt additional passes. Thus, it is im-
portant that all findings on CT and MRI be reviewed 
prior to surgery to avoid this anatomical variant. In 
addition to the absence of CSF flow after the catheter 
is placed into the cavum, successful flow can be ob-
served. However, once the cavum is decompressed, 
the ventricle in question is unaffected, so it can con-
tinue to increase in size and become trapped. This oc-
curs because of the collapse of the leaves of the septum 
around the draining holes of the catheter. 

Sherman and Aygun25 reported on a rare iatro-
genic complication in a patient with this anatomical 
variant. The complication occurred after the catheter 
was placed near the septum. After the chemothera-
peutic agent was injected, findings on subsequent CT 
demonstrated cavum septi, suggesting that the agent 
was injected between the leaves of the septum and had 
created the defect.25 Thus, this report underscores the 
importance of catheter placement, which should be di-
rected and confirmed within the free CSF space of the 
ventricle. Furthermore, in patients for whom biventric-
ular catheters or endoscopic fenestrations of the sep-
tum may be indicated, these actions should be taken to 
avoid unnecessary complications.

Infection
Infection is a common complication for both intraven-
tricular reservoirs and shunts. As early as 1987, Browne 
et al26 reported their 10-year experience in 61 pediat-
ric patients, 14 (23%) of whom had infections. Of the 
organisms isolated, Propionibacterium acnes was the 
most common organism recovered from CSF and other 
cultures grown (Table 1).26,27 Some patients were as-
ymptomatic, whereas others had symptoms consistent 
with meningitis.26 

At our institution, we have developed and modi-
fied a sterile technique for delivering chemotherapeu-
tic agents, using antiseptic preparations, smaller-gauge 
puncture devices, and, for certain cases, placed the pa-
tient on prophylactic antibiotics before and after deliv-

ery of the chemotherapeutic agent. 
In 2014, Kramer et al28 did not observe any  

long-term infections in their safety profile of long-
term intraventricular-access devices in pediatric pa-
tients. Their study involved 143 patients, whom the re-
searchers observed for more than 10 years.28 A total of  
143 Ommaya reservoirs and 8 VPSs were included in 
the study. Kramer et al28 suspected that the risk of in-
fection in these patients was minimized because a filter 
was used when delivering compartmental, intraven-
tricular, radioimmunotherapy; or, alternatively, they 
hypothesized that the low risk of infection may have 
been because of the drug itself, which helped to elimi-
nate microscopic or low-colonized bacteria loads. 

At our institution, we use preoperative and subse-
quent intraoperative antibiotics (vancomycin/gentamy-
cin). We also pack the wound with vancomycin pow-
der and adhere to a strict sterile protocol.

Shunt infection is a common complication of 
shunt surgery. The incidence rate of shunt infec-
tions in adults has been reported to be between 
1.6% and 16.7%.22,29 According to Chakraborty  
et al,29 the majority of shunt infections occur within the 
first 3 months of shunt surgery. The spectrum of pos-
sible clinical manifestations is shown in Table 2.

Hematogenous spread is also common in vascu-
lar shunts, and bacteremia can ensue with positive 
blood cultures.

In the absence of another source, a shunt tap 
can be performed using a sterile technique to isolate 
the organism. Shunt infections are often the result of 
contamination of the proximal end of the shunt with 
normal skin flora, particular with coagulase-negative 
staphylococci and Staphylococcus aureus.22 Wells 
and Allen27 noted that infections caused by these spe-
cies account for 50% and 33% of all shunt infections, 
respectively. The timing of the infection dictates the 
pathogen involved. Early shunt infections (within 
weeks of shunt insertion or revision) are also typi-
cally caused by coagulase-negative staphylococci and  

Table 1. — Common Pathogens Associated With  
VPS-Related Infections 

Early Infectiona Late Infectionb 

Coagulase-negative staphylococci 
(50%)

Pseudomonas aeruginosa

Staphylococcus aureus (33%) Serratia marcescens

Corynebacterium species Stenotrophomonas

Propionibacterium acnes Candida albicans
aApproximately 85% of VPS-related infections usually occur within 
weeks of VPS placement or revision. 
bApproximately 15% of VSP-related infections usually occur within 
several months after VPS placement or revision. 
VPS = ventriculoperitoneal shunt. 
Data from references 26 and 27.
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S aureus.27 However, late infections are typically 
caused by streptococcal species and gram-negative 
pathogens such as Pseudomonas aeruginosa.30

The highest rate of infections occurs early after 
shunt placement or revision.31 Infections may occur  
1 month postoperatively, a time considered to be a 
critical period.32 The infection rate can also increase 
as the number of revisions increases.26,27,33 As the 
number of revisions increases, Wells and Allen27 re-
ported that adult patients are 3 times more likely to 
develop shunt infections than those without prior re-
visions. It is also important to note that, if radiothera-
py has been provided, it will also increase a patient’s 
risk of infection, because wound healing is protracted 
following radiotherapy.

Abdominal Complications
After a VPS is placed, abdominal complications may 
also occur. Various complications have been described 
in the literature and include omental clogging, abdomi-
nal viscera perforation, and bowel obstruction.34 Vis-
ceral perforation can occur at the time of the access at-
tempt to the peritoneal compartment prior to inserting 
the distal catheter, during the insertion of the catheter 
into the peritoneum, or even later due to catheter ero-
sion through the abdominal viscera. Over time and 
with more revisions, as well as additional abdominal 
surgeries needed unrelated to the placement of VPSs, 
adhesions can form that may lead to bowl obstruction.

The development of a pseudocyst due to CSF 
drainage is not a common complication, but it does oc-
cur at a rate of 0.33% to 6.8%.34,35 Pseudocysts consist 
of collections of CSF in the peritoneal cavity at the dis-
tal end of the catheter surrounded by a wall composed 

of fibrous tissues without an epithelial lining.36 Many 
underlining factors and mechanisms are involved in 
the formation of pseudocysts; however, the inflamma-
tory process, either sterile or infectious, is usually re-
garded as the main causative factor.34,35 Other predis-
posing factors to consider can include peritonitis, prior 
surgical peritoneal adhesions, distal shunt migration, 
multiple shunt revisions, malabsorption of CSF, and al-
lergic reactions.34 When a pseudocyst does develop, it 
can harbor an infectious process. The most frequent 
signs and symptoms associated with pseudocysts are 
abdominal pain, abdominal distention, and a palpable 
abdominal mass.37 If there is a high index of suspicion 
for the accumulation of pseudocysts, ultrasonography 
is the imaging modality of choice because it is fast and 
easily attainable. CT of the abdomen will also illustrate 
similar findings.

Intra-Abdominal Shunt-Related Seeding 
Intra-abdominal metastasis secondary to the diver-
gence of CSF into the abdominal cavity has been de-
scribed.12,38 Although it is a rare occurrence, it has been 
reported with various tumor pathologies, particularly 
germinomas and medulloblastomas.12,38 Typically, ger-
minomas occur in children and are usually proximal 
to the pineal or suprasellar regions, causing obstruc-
tive hydrocephalus as they increase. VPSs can be used 
to treat the obstruction and relieve symptoms. Because 
germinomas are radiosensitive, patients with them 
have a 5-year survival rate of 85%.35 

Back et al35 noted that the incidence of metastasis 
via CSF shunt was 1%. By contrast, after they reviewed 
245 pediatric cases requiring VPS for intracranial tu-
mors to treat hydrocephalus, Murray et al33 identified 
that 27.3% of the abdominal metastases in these pa-
tients were directly related to VPS placement. Germ 
cell tumors were the most common cause. The mean 
interval between shunt operation and metastatic diag-
nosis was 17 months for all tumors (range, 5 months 
[yolk sac tumors] to 29 months [germinomas]).33 

Intra-abdominal seeding and dissemination likely 
occurs due to spillage of the tumor into the ventricles 
at the time of either stereotactic surgery, open biop-
sy, or attempted resection of the tumor. Evidence of 
intra-abdominal metastasis through VPS comes from 
the lack of metastatic spread in other body locations, 
and, as evidenced by Back et al35 in their reported case, 
where gravity-dependent locations of single peritoneal 
cavity recurrences were adjacent to and around the dis-
tal ends of the shunt catheter.  In the reported case by 
Back et al,35 the peritoneal metastases occurred around 
the distal end of the shunt catheter, because the cancer 
cells were driven there by gravity to the catheter. 

In an attempt to limit shuntborne metastasis, VPS 
catheters with Millipore filters have been used. How-
ever, these catheters have been complicated by a high 

Table 2. — Possible Clinical Manifestations of  
VPS-Related Infections

Complication Clinical Manifestation
Infected shunt 
apparatus

Bacteria recovered from the catheter tips
Purulent discharge during valve aspirations
Shunt tubing

Meningitis Altered mental status
CSF leukocytosis
Fever
Meningismus
Organisms seen on Gram stain and culture

Peritonitis Abdominal tenderness
Fever
Presence of pseudocysts on imaging  
(CT, ultrasonography)

Wound infection Break down of wound with visible parts of the 
shunt system discharge
Incision or shunt track with signs of inflammation

CSF = cerebrospinal fluid, CT = computed tomography,  
VPS = ventriculoperitoneal shunt.



52  Cancer Control January 2017, Vol. 24, No. 1

rate of obstruction requiring revision and are not con-
sidered to be practical.35,39 Some have advocated for 
systemic therapy to prevent seeding, whereas others 
have suggested a means of CSF diversion at the time 
of local treatment, such as external ventricular drains, 
endoscopic third ventriculostomy, or an externalized 
ventriculo-distal shunt; however, none of these sug-
gestions have been supported with statistically signif-
icant evidence.33,35,39

In adults and children with leptomeningeal carci-
nomatosis, a condition already known to have meta-
static spread, the complication of metastasis may seem 
trivial. However, patients may present with localized 
cranial disease and controlled systemic disease requir-
ing CSF diversion, which can potentially cause intra-
abdominal seeding.

Overdrainage 
Overdrainage refers to draining more CSF than in-
tended based on the setting adjustments of the valve. 
This complication is not common, but it has been re-
ported in the literature and is an important complica-
tion to acknowledge.40 Excess drainage of CSF may 
lead to subdural hematoma, which may lead to signifi-
cant neurological deterioration that often requires sur-
gical intervention (evacuation). To minimize this risk,  
serial CT should be obtained (a) during the immediate 
postoperative period, (b) at subsequent clinic visits,  
and (c) after any valve adjustments. Patients and their 
family members should be advised to be aware of any 
neurological changes from baseline, because such 
changes may be due to this complication. Cases of sub-
dural hematoma due to overdrainage documented in 
the literature have generally occurred in the setting of 
idiopathic normal pressure hydrocephalus (iNPH), a 
condition in which hydrocephalus is a long-standing 
problem prior to its diagnosis.41 It is difficult to com-
pare hydrocephalus due to carcinomatosis with iNPH, 
because the mechanisms that may lead to overdrain-
age may not always be attributable to a VPS-related is-
sue but may in fact be due to the rate of change in ven-
tricular compliance, brain compliance, and elasticity. 
Over time, these tend to change in patients with iNPH. 
Such changes are not always seen in patients with lep-
tomeningeal disease because of its acuity.42 Neverthe-
less, overdrainage can occur and the neurosurgeon 
should be aware of such complications.

Conclusions
The prognosis of leptomeningeal carcinomatosis has 
significantly changed in recent years. Focus is now on 
novel chemotherapeutic agents and the ways in which 
to apply them. From a neurosurgical stand point, shunt 
systems should continue to see improvement so that 
health care professionals can more efficiently address 
common issues, such as overdrainage, and use stan-

dardized techniques to minimize the risk of complica-
tions. Shortening operating times by using clinicians 
experienced in neurosurgery and the advent of future 
neuronavigation will be helpful.
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Summary: Thrombotic microangiopathy syndromes consist of a collection of disorders with a varied etiology 
that share common clinical and pathological features. Although thrombotic microangiopathy is rare, it is as-
sociated with significant morbidity and mortality. Without early recognition and intervention, the prognosis of 
the disease is poor. This report illustrates the case of a 56-year-old man with advanced-stage metastatic pan-
creatic cancer who presented with hemolytic uremic syndrome associated with gemcitabine use. His condition 
was managed with eculizumab, a monoclonal antibody, although he was dependent on dialysis. This report 
reflects the importance of considering thrombotic microangiopathy syndromes in the differential diagnosis, 
because many malignancies and use of chemotherapeutic agents can trigger hemolytic uremic syndrome. 

Introduction
Thrombotic microangiopathy (TMA) syndromes 
consist of a collection of disorders with a varied 
etiology that share common clinical and pathologi-
cal features. The classification of TMA syndromes 
has been revised over time.1 It now includes disin-
tegrin and metalloprotease with a thrombospondin  
type 1 motif, member 13 (ADAMTS13), deficiency-
mediated TMA and complement-mediated TMA.1 
These 2 entities include thrombotic thrombocyto-
penic purpura (TTP) and primary hemolytic ure-
mic syndrome (HUS), respectively.1 Secondary HUS, 
which historically included TMA disorders caused 
by infection, drug use, pregnancy, or autoimmune-
related diseases, is now classified according to un-
derlying etiology.1,2 

The prognosis for such disorders is poor. More 
than 65% of cases progress to end-stage renal disease 
or death within 1 year of diagnosis.2,3 However, treat-
ment options do exist for HUS based on the underlying 
etiology of the disorder, and significant improvements 
have been made following the approval of eculizumab, 
a terminal complement inhibitor, by the US Food and 
Drug Administration in 2011.2,4,5 

The following is a case report of HUS triggered by 
gemcitabine use for the treatment of advanced-stage 
metastatic pancreatic cancer.

Case Report
A 56-year-old man with stage IV metastatic pancreatic 
cancer presented with fatigue. He denied fever, nausea, 
vomiting, diarrhea, confusion, or headache. Eight days 
prior to his presentation, he received chemotherapy 
with gemcitabine and paclitaxel. He denied any ill con-
tacts or recent travel. He had not consumed any qui-
nine or tonic water. 

Laboratory studies were obtained. Significant 
values included a hemoglobin level of 4.8 g/dL and a 
platelet count of 34,000/µL. His blood urea nitrogen 
level was 79 mg/dL and his creatinine (Cr) level was 
3.9 mg/dL. Urine analysis showed 6 to 10 white blood 
cells, more than than 100 red blood cells (RBCs), trace 
bacteria, 11 to 30 hyaline casts, and a protein level of 
300 mg/dL. His lactate dehydrogenase (LDH) level was 
925 U/L. Peripheral smear showed schistocytes. His C3 
and C4 levels were 76 and 6, respectively. Antinucle-
ar antibody and antineutrophil cytoplasmic antibody 
studies were negative. An ADAMTS13 level was 37%. A 
clinical diagnosis of secondary HUS was made. 

Plasmapheresis was initiated. After 8 daily ses-
sions, his platelet count improved to 141,000/µL and 
his LDH level improved to 345 U/L. However, his 
renal function continued to worsen (Cr 5.3 mg/dL), 
so hemodialysis was initiated. After plasmapheresis 
was discontinued, his platelet count, LDH, and Cr levels 
continued to worsen (90,000/µL, 101 U/L, and 4.1 mg/dL, 
respectively); therefore, he was started on eculizumab 
on hospital day 11. After 1 week of eculizumab thera-
py, his platelet count was 75,000/µL, his LDH level was 
437 U/L, and his Cr level was 5.0 mg/dL. His platelet 
count continued to slowly improve, his LDH level 
eventually stabilized, and he no longer required 
plasmapheresis. 

The patient had a prolonged hospital course of 
21 days and was discharged with plans to continue 
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hemodialysis and weekly eculizumab infusions as an 
outpatient for 4 weeks and then twice per month for a 
total of 11 treatments. His platelet count and LDH and 
hemoglobin levels remained stable for approximately 
4 months. However, the patient’s clinical condition be-
gan to rapidly deteriorate as his alkaline phosphatase 
and bilirubin levels increased. In addition, his level of 
cancer antigen 19-9 marker increased by more than 
20,000 U/L in 2 weeks. Due to concern of disease pro-
gression and rapidly developing liver failure, the pa-
tient was enrolled in hospice care. 

Discussion
TMA syndromes are characterized by common clinical 
and pathological features.1 Clinical features include mi-
croangiopathic hemolytic anemia (MAHA), thrombo-
cytopenia, and target organ damage.1 MAHA is charac-
terized by a negative result on a Coombs test, reflecting 
nonimmune hemolysis, and the presence of schisto-
cytes, which arise because of RBC fragmentation sec-
ondary to the shearing of RBCs from blood flow past 
an occluded microcirculation.6 Thrombocytopenia de-
velops because platelets are consumed within micro-
scopic thrombi.6 Pathological features include vascular 
thrombosis with corresponding endothelial damage.1,6

The differential diagnosis for patients presenting 
with a TMA syndrome includes the following1: 

• HUS
• TTP
• Scleroderma renal crisis
• Disseminated intravascular coagulation
• Antiphospholipid antibody syndrome
• Malignant hypertension
• Drug-induced toxicity (commonly cyclosporine,  
clopidogrel, quinine) 
The patient in this case report had no evidence of 

TTP, scleroderma renal crisis, disseminated intravascu-
lar coagulation, antiphospholipid antibody syndrome, 
malignant hypertension, and was not taking cyclospo-
rine, clopidogrel, or quinine. Therefore, a clinical 
diagnosis of HUS/TTP was made.

Historically, TTP and HUS syndrome were 
grouped together as an overlapping clinical presenta-
tion and treatment for both conditions was the same.6 
The classic pentad for TTP/HUS is fever, MAHA, 
thrombocytopenia, acute kidney injury, and neurologi-
cal symptoms.6 Neurological symptoms predominate 
in TTP, whereas renal insufficiency is more common 
in HUS.6 However, a full pentad of symptoms is rare 
because therapy is often started before the onset of  
full-blown disease; moreover, only MAHA and throm-
bocytopenia are needed to make the diagnosis and jus-
tify the initiation of therapy.3 

Research into the pathophysiology of the disease 
process has shown that TTP is distinct from HUS: 
Both are characterized by endothelial damage, but 

their underlying pathological process is different.1,6 
ADAMTS13 is a protein synthesized in endothelial cells 
that degrades unusually large-sized von Willebrand 
factors into normal-sized von Willebrand factor mul-
timers.1 ADAMTS13 deficiency leads to the accumula-
tion of von Willebrand factor multimers, thereby lead-
ing to platelet aggregation and the formation of platelet 
thrombi.1,4 This deficiency can occur because of an im-
munoglobulin G antibody against ADAMTS13 or con-
genital deficiency in ADAMTS13 (Upshaw-Schulman 
syndrome).1

Whereas TTP is thought to be caused by an accu-
mulation of von Willebrand factor leading to endotheli-
al damage, HUS is likely caused by an overactivation of 
the complement system.3,4,6,7 Affected individuals have 
a gene mutation or an antibody to certain complement 
proteins.1,4,6 A trigger event (eg, infection, malignancy, 
pregnancy, medication use) can lead to the uninhib-
ited, continuous activation of an alternative comple-
ment pathway, thereby leading to the formation of the 
membrane attack complex.2,4,6,7 This, in turn, causes re-
nal endothelial damage that activates the coagulation 
cascade and TMA.3,4 The most common genetic muta-
tion occurs in factor H; other genetic mutations include 
CD46, factors I and B, complement 3, and thrombo-
modulin mutations.1,3,7 Autoantibodies can also devel-
op, the most common of which are to factor H.3,7 

HUS can be classified as being either primary or 
secondary.1 Primary causes can arise from gene muta-
tions or autoantibodies; gene mutations are the most 
common underlying etiology.1,3 Secondary causes in-
clude infection, drug-induced toxicity, pregnancy, and 
autoimmune disorders.1,3,6 Common infectious agents 
that cause secondary HUS include Shiga-toxin–produc-
ing Escherichia coli, which presents with a bloody di-
arrhea, HIV, and Streptococcus pneumoniae.3,5,7-9 The 
most common drugs related to secondary HUS are qui-
nine,1,3 gemcitabine,1 mitomycin C,9 and cyclosporine.3 
Pregnancy and autoimmune disorders causing HUS 
have also been reported, but they are rare.1,6,7 

Endothelial damage in TTP is mediated by a de-
ficiency in ADAMTS13, whereas this damage occurs 
in HUS due to an overactivation of the complement 
system. For this reason, an ADAMTS13 level can dis-
tinguish between the 2 conditions.4,6 An ADAMTS13 
level below 10% is diagnostic of TTP, whereas an 
ADAMTS13 level above 10% is consistent with HUS.1

Treatment for HUS has historically been plasma-
pheresis, which involves removing antibodies and re-
storing normal functioning to complement proteins.3 
Because irreversible renal lesions can occur within 
days, plasmapheresis must be started as soon as HUS 
is suspected; however, despite this, no randomized 
controlled trials have evaluated clinical outcomes after 
plasmapheresis.2 In general, the goals of plasmapher-
esis are to stabilize the hemoglobin level, normalize 
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the platelet count, and improve renal function. Use of 
maintenance plasmapheresis is based on the risk of re-
current disease and irreversible renal injury.3 However, 
plasmapheresis does not interrupt complement dysreg-
ulation, which causes target organ damage. 

Eculizumab, a monoclonal antibody, acts as a ter-
minal complement inhibitor and is a promising treat-
ment for thrombotic microangiopathy. Legendre et 
al2 studied eculizumab, concluding that it led to: nor-
malized platelet counts at 1 week after the initiation 
of therapy in more than 50% of patients studied; the 
cessation of plasmapheresis in more than 80% of par-
ticipants; a mean increase in estimated glomerular fil-
tration rate of 32 mL/minute after 60 weeks; and dial-
ysis cessation in 4 of 5 study patients. Those with  
less-severe disease experienced event-free survival 
for 12 weeks and their hematological values normal-
ized for 4 weeks.2 The medication was well tolerated. 
More than 70% of study patients described improved 
quality of life; however, more than 30% developed un-
controlled hypertension.2 

Because eculizumab blocks the terminal comple-
ment cascade, patients receiving eculizumab are at 
high risk for encapsulated bacterial infection.3,5,10 All 
patients taking the drug must receive meningococcal 
vaccination; in addition, vaccines against Haemophilus 
influenza and S pneumoniae are also recommended 
(especially for pediatric patients) prior to the adminis-
tration of eculizumab.3,5,10 

Our index of suspicion for a TMA syndrome was 
high in our patient because he experienced acute 
kidney injury and had evidence of MAHA and throm-
bocytopenia. His condition clinically improved fol-
lowing plasmapheresis, but ongoing hemolysis was 
still observed even after plasmapheresis was discon-
tinued. Once eculizumab therapy was started, his 
LDH level normalized, his hemoglobin level eventu-
ally stabilized, and his platelet count normalized. 
However, he did not regain enough renal function to 
discontinue dialysis.

Conclusions
Hospital-based physicians often care for patients with 
hematological derangements and renal insufficiency. 
Our case reflects the importance of considering throm-
botic microangiopathy syndromes in the differential 
diagnosis, because many malignancies and use of che-
motherapeutic agents can trigger hemolytic uremic 
syndrome. In addition, the timely diagnosis and initia-
tion of therapy can alter patient outcomes, including 
risk of mortality and target organ damage (eg, acute 
kidney injury). Following the development of an assay 
for disintegrin and metalloprotease with a thrombos-
pondin type 1 motif, member 13, thrombotic throm-
bocytopenic purpura can now be distinguished from 
hemolytic uremic syndrome, which, in turn, can make 

targeted therapies such as eculizumab more effective. 
Adhering to the guidelines for the administration of 
eculizumab and recognizing the adverse events of this 
drug are keys to help improve the prognosis of throm-
botic microangiopathy, a rare yet debilitating disease. 
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Summary: Hypercalcemia of malignancy is a common complication of certain types of cancers. No standard 
therapies exist for the treatment of hypercalcemia secondary to paraneoplastic syndromes that result in the 
long-term control of serum calcium levels. We report a case of metastatic breast cancer with parathyroid 
hormone–related protein associated with hypercalcemia of malignancy that was treated with transarterial 
embolization of the hepatic metastatic lesions.

Introduction
Hypercalcemia of malignancy is a common compli-
cation of multiple myeloma and breast, prostate, and 
lung cancers, and it is most often due to osteolytic met-
astatic osseous lesions.1 Hypercalcemia secondary 
to the ectopic secretion of parathyroid hormone  
(PTH)–related protein frequently occurs in squa-
mous cell lung cancer but is rare in breast cancer.2 In 
general, treatment for hypercalcemia of malignancy 
is symptomatically focused and involves intravenous 
hydration and bisphosphonates (eg, zoledronic acid) 
that can provide temporary control of calcium levels.3 

In this report, we describe the first case of poorly 
differentiated breast carcinoma metastatic to the lymph 
nodes and liver with paraneoplastic hypercalcemia 
that was treated with transarterial embolization of the 
hepatic metastatic lesions.

Case Report 
A 67-year-old woman presented with a palpable right 
axillary mass. Biopsy was performed and showed 
poorly differentiated breast carcinoma with neuroen-
docrine differentiation. Axillary mass tissue was 
HR positive and ERBB2 (formerly HER2/neu) negative. 
Initial computed tomography (CT) for staging identi-
fied suspicious liver lesions, and findings on liver biop-
sy revealed poorly differentiated metastatic carcinoma 
with neuroendocrine differentiation. 

She underwent 6 cycles of cyclophosphamide/adri-
mycin. She responded well and began long-term letro-
zole. Four years after her initial diagnosis, follow-up 
imaging studies demonstrated disease progression in 
the liver. She was treated with 3 cycles of carbopla-
tin/paclitaxel, but she had a minimal response. 

Because of the liver-predominant disease, which 
did not respond to chemotherapy, the patient was re-
ferred for transarterial liver-directed therapy (Fig 1). 
She underwent radioembolization treatment with 
Y90 glass microspheres to the right and left lobes of 
the liver followed by capecitabine. 

Eight months after radioembolization, she present-
ed with complaints of lethargy and generalized weak-
ness. Serial laboratory studies were obtained, the find-
ings of which demonstrated progressive hypercalcemia 
with serum calcium levels between 12 and 16 mg/dL 
(normal range, 8.9–10.1 mg/dL). She received treatment 
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Liver-Directed Embolization for the Long-Term Control  
of Hypercalcemia of Malignancy in Metastatic Breast Cancer 
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Loretta Loftus, MD, and Bela Kis, MD, PhD

Fig 1. — Contrast-enhanced axial computed tomography obtained at the 
arterial phase demonstrating a large enhancing mass with central necrosis 
in the right lobe of the liver. 
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on multiple visits with intravenous fluids and bisphos-
phonates, but she experienced only temporary im-
provement. 

Further evaluation showed an elevated PTH-related 
protein level with a low intact PTH level of 15.1 pg/mL 
(normal range, 7.5–53.5 pg/mL). Follow-up CT demon-
strated multiple subcentimeter-enhancing nodules in 
both lobes of the liver consistent with metastatic dis-
ease progression (Fig 2). The metastatic disease was 
confined to the liver and right axillary lymph nodes, 
and evidence of osseous metastasis was absent. There-
fore, repeat transarterial liver-directed therapy was rec-
ommended to control the liver disease.

The patient underwent 2 interventions of transar-
terial bland embolization of the right hepatic lobe and 
treatment of the left hepatic lobe using 100 μm embo-
lization microspheres within a 6-month period. Her 
serum calcium level decreased to 10.6 mg/dL after the 
first 2 interventions and to 9.8 mg/dL after emboliza-
tion of the left lobe. Serum calcium was monitored at 
subsequent clinic visits, and her level remained in the 
normal range without additional interventions (lowest 
level, 8.7 mg/dL). 

No complications or adverse events were ob-
served. Her hypercalcemia was adequately controlled, 
and she did not require additional hospitalizations so 
she was able to continue on chemotherapy with ex-
emestane and everolimus. 

CT obtained 21 months after the first bland em-
bolization treatment demonstrated multiple, tiny cal-
cified nodules in the liver that represented dystrophic 
calcifications of necrotic tumor nodules (Fig 3). No en-
hancing lesion in the liver was observed, indicating a 
complete radiographic response to embolization and 
subsequent chemotherapy.

Discussion
Hypercalcemia of malignancy affects 40% of pa-
tients, and it most commonly occurs in the ad-
vanced stages of malignancy.4 Four distinct causes 
of hypercalcemia have been described: (1) osteolyt-
ic hypercalcemia accounts for almost 20% of cases;  
(2) humoral hypercalcemia due to PTH-relat-
ed protein accounts for nearly 80% of cases; and  
(3) 1,25(OH)–secreting lymphomas and (4) ectopic 
hyperparathyroidism account for approximately 2% 
of remaining cases.5 In metastatic breast cancer, hy-
percalcemia is most commonly caused by osteolytic 
lesions; however, secretion of PTH-related protein 
has been shown to be associated with local bone re-
sorption in patients with metastatic breast cancer, 
even in the setting of a normal serum PTH-related 
protein level.5 

Regardless of the etiology, no standard therapy 
exists for the treatment of hypercalcemia of malig-
nancy that results in the long-term control of serum 
calcium levels. Case reports have been published on 
the control of paraneoplastic hypercalcemia with 
transcatheter arterial chemoembolization in patients 
with hepatocellular carcinoma (HCC) and colorectal 
cancer metastatic to the liver without bone metasta-
sis or increase in serum PTH-related protein level.6,7 
Liver-directed transarterial embolization has been es-
tablished as the primary therapy for hypercalcemia of 
malignancy related to humoral mediators secreted by 
HCC.8 Despite evidence of effective treatment of met-
astatic HCC using direct embolization, the evidence is 
scarce in metastatic breast cancer.9,10 In our case pa-
tient, hypercalcemia was due to an elevated level of 
PTH-related protein. 

Fig 2. — Contrast-enhanced axial computed tomography obtained at the 
arterial phase demonstrating multiple subcentimeter-enhancing nodules 
in the liver, predominantly in the right lobe. 

Fig 3. — Contrast-enhanced axial computed tomography obtained at the 
arterial phase demonstrating multiple, tiny calcified nodules in the liver 
that represent dystrophic calcifications of necrotic tumor nodules. No 
enhancing lesion was seen in the liver.
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Conclusions
This report describes the first case of refractory hyper-
calcemia secondary to a paraneoplastic syndrome in 
a patient with metastatic breast cancer to the liver that 
was treated with transarterial embolization. Hypercal-
cemia most commonly occurs in the advanced stages 
of malignancy due to several factors. Most commonly, 
hypercalcemia is due to excess secretion of PTH-relat-
ed protein from tumor cells. In metastatic breast can-
cer, hypercalcemia is most commonly due to osteolytic 
lesions. Regardless of etiology, only temporary control 
of hypercalcemia is achieved. 
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Summary: Right middle lobe (RML) syndrome is defined as recurrent or chronic obstruction or infection of 
the middle lobe of the right lung. Nonobstructive causes of middle lobe syndrome include inflammatory 
processes and defects in the bronchial anatomy and collateral ventilation. We report on 2 case patients with 
RML syndrome, one due to infection with Mycobacterium avium complex followed by M asiaticum infection 
and the other due to allergic bronchopulmonary aspergillosis. A history of atopy, asthma, or chronic obstruc-
tive pulmonary disease has been reported in up to one-half of those with RML. The diagnosis can be made by 
plain radiography, computed tomography, and bronchoscopy. Medical treatment consists of bronchodilators, 
mucolytics, and antimicrobials. Patients whose disease is unresponsive to treatment and those with obstruc-
tive RML syndrome can be offered surgical treatment.

Introduction
The term middle lobe syndrome (MLS) was first used 
by Graham et al1 in 1948, and the disease is defined 
as recurrent or chronic collapse or infection of the 
middle lobe of the right lung. MLS can present in per-
sons of any age. The syndrome is divided into an ob-
structive type (demonstrable airway occlusion) and a 
nonobstructive type (patent right middle lobe [RML] 
bronchus). Obstructive MLS can be caused either by 
endobronchial lesions or extrinsic compression of the 
RML bronchus. Malignancy is the most common cause 
of the obstructive type followed by an infectious etiolo-
gy (Tables 1 and 2).2-14 Benign tumors (eg, hamartomas) 
and malignant tumors (eg, primary lung cancer, me-
tastasis) alike can cause obstructive MLS and account 
for up to 25% of cases.2 The most common cause of ex-
trinsic compression of the RML bronchus is peribron-
chial lymphadenopathy due to infection, sarcoidosis, 
and metastasis.3 Nonobstructive causes of MLS include 
inflammatory processes and defects in the bronchial 
anatomy and collateral ventilation.15,16

We report on 2 cases of RML syndrome, one due 
to infection with Mycobacterium avium complex 
(MAC) followed by infection with M asiaticum and the 
other due to allergic bronchopulmonary aspergillo-
sis (ABPA). MAC is the most common nontuberculous 
Mycobacteria (NTM) species to infect humans.6 Pul-

monary disease due to MAC infection in immunocom-
petent individuals can be divided into a primary form, 
which occurs in healthy persons who do not smoke, 
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Infectious Causes of Right Middle Lobe Syndrome 
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Table 1. — Obstructive and Nonobstructive Causes of  
Middle Lobe Syndrome

Sign/Symptom Obstructive 
Cause

Non-
obstructive 

Cause
Aspirated foreign body (especially in 
children)

X

Benign tumor (eg, hamartoma) X

Broncholiths endobronchially eroding 
from adjacent, calcified lymph nodes

X

Cardiovascular anomaly X

Endoluminal granuloma associated 
with sarcoidosis

X

Enlarged peribronchial lymph nodes 
(infection, sarcoidosis, metastasis) 
causing extrinsic compression of 
right middle lobe bronchus

X

Etiology not completely understood X

Inflammation of the middle lobe and 
lingual area

X

Infectious etiology X

Inspissated mucus associated with 
cystic fibrosis or allergic bronchopul-
monary aspergillosis

X

Insufficient collateral ventilation X

Malignant tumor (eg, primary lung 
cancer, metastases)

X

Primary ciliary dyskinesia X

Situs inversus/other congenital 
malformations

X

Traction diverticula of the esophagus X

Data from references 2 to 5, 7 to 10, and 13. 
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and a secondary form, which occurs 
in persons with underlying lung dis-
ease (eg, chronic obstructive pulmo-
nary disease [COPD], latent tubercu-
losis, bronchiectasis, cystic fibrosis). 
In general, the primary form affects 
elderly women who are otherwise 
healthy nonsmokers, and it presents 
with an interstitial/nodular pattern 
on chest radiography.6 M asiaticum is 
a slow-growing mycobacterium spe-
cies first recognized in Australia by 
Blacklock et al17 in the early 1980s. 
They surmised that M asiaticum 
was a potential pulmonary pathogen 
among individuals with an underly-
ing chronic respiratory problem such 
as COPD.17

Persons with chronic lung dis-
ease are at risk of Aspergillus coloni-
zation and infection.18 ABPA occurs 
as a result of hypersensitivity to colonizing Aspergillus 
species in the airways of persons with asthma, NTM 
infection, and cystic fibrosis.8 It affects 2% of those 
with asthma.19 MLS caused by ABPA has rarely been 
documented.19

Case Reports
Case 1
A woman aged 55 years presented with a 10-year his-
tory of chronic cough with no prior history of smoking. 
Serial computed tomography (CT) of the chest was ob-
tained prior to her referral to our center. Bronchoalve-
olar lavage (BAL) was performed and the culture grew 
M avium intracellulare (MAI). She was treated with oral 
azithromycin, ethambutol, and rifampin for 1.5 years.

After several years of taking antibiotics, she devel-
oped hemoptysis. Repeat BAL was performed and the 
culture grew methicillin-resistant Staphylococcus au-
reus, so she was treated with oral 
clindamycin and trimethoprim/
sulfamethoxazole for 2 weeks. 
Following treatment the patient 
felt better but still had intermit-
tent cough and periodic right lat-
eral chest pain. Following 1 month 
off antibiotics, BAL was again  
performed and the culture grew 
both MAI and methicillin-resistant 
S aureus.

CT of the chest was obtained 
and revealed persistent RML bron-
chiectasis and distal nodularity, with 
new nodules and bronchiectasis in 
the superior segment of the right 
lower lobe. CT results also showed 

new changes in the left lower lobe, 
posterior bronchiectasis, and distal 
nodularity when compared with the 
results on CT obtained 4 years prior 
(Fig 1). She was treated with azithro-
mycin and trimethoprim/sulfa-
methoxazole and advised to undergo 
surgical removal of the RML.

Six months later she underwent 
RML resection due to progressive 
symptoms and severe bronchiec-
tasis predominantly in the RML. 
Findings on histopathology showed 
necrotizing granulomatous bron-
chiolitis. Results from acid-fast ba-
cilli tissue staining were positive 
with areas of chronic bronchitis and 
bronchiolitis. She was then treated 
on azithromycin monotherapy for 
approximately 5 years with inter-
mittent courses of trimethoprim/

sulfamethoxazole.
Five years following resection of the RML, she 

returned for evaluation with symptoms of hemopty-
sis, persistent cough, and pleuritic chest pain. Find-
ings on CT demonstrated new areas of nodularity in 
the anterior medial lingular area with bronchial wall 
thickening, tree-in-bud nodules in the right posterior 
lung, and an increase in nodularity in the left medial 
posterior lung (Fig 2). BAL cultures grew M asiaticum 
sensitive to amikacin, ciprofloxacin, azithromycin,  
ethambutol, moxifloxacin, rifabutin, and trime-
thoprim/sulfamethoxazole.

She was treated with azithromycin and trime-
thoprim/sulfamethoxazole for 6 months. Her symptoms 
resolved, and she has remained without any unwanted 
change in weight or significant pulmonary complaints, 
except for an occasional nonproductive cough, for 
3 years following the discontinuation of the antibiotics.

Table 2. — Infectious Causes of 
Middle Lobe Syndrome

Actinobacteria

Aspergillus species

Blastomyces species

Bordetella pertussis

Chlamydophila psittaci

Echinococcal pulmonary hydatid disease 

Haemophilus influenza

Histoplasma species

Moraxella catarrhalis 

Mycobacterium avium intracellulare

Mycobacterium fortuitum 

Mycobacterium tuberculosis

Staphylococcus aureus 

Streptococcus pneumonia

Data from references 6, 8, and 11 to 14.

Fig 1. — Computed tomography showing the right middle lobe with large amounts of clustered 
bronchiectasis, distal nodularity. Nodules and bronchiectasis in the superior segment of the right 
and left lower lobes are also present.



62  Cancer Control January 2017, Vol. 24, No. 1

Case 2
A white woman aged 48 years 
with a history of rheumatoid arthri-
tis was receiving treatment with 
methotrexate, adalimumab, and 
sulfasalazine. She also had a history 
of asthma requiring therapy with a 
β-agonist inhaler and intermittent 
corticosteroids.

Approximately 3 months prior 
to her presentation, she developed 
right upper quadrant abdominal 
pain. Imaging of her abdomen and 
chest was obtained, the results of 
which showed a large mass in her 
RML approximately 6 cm in diam-
eter. Transthoracic needle biop-
sy was performed that revealed 
chronic nongranulomatous inflam-
mation with septate hyphae con-
sistent with Aspergillus infection. 
No cultures were sent. Findings 
from acid-fast bacilli stains were 
negative. CT and positron emis-
sion tomography were performed, 
and the results showed increasing 
uptake and a lesion thought to be 
postobstructive pneumonia (Fig 
3). Repeat needle biopsy was per-
formed and demonstrated septate 
hyphae, also consistent with Asper-
gillus infection. After repeat needle biopsy, she experi-
enced hemoptysis that lasted nearly 2 weeks.

She was referred to our institution to rule out can-
cer and to consider surgical resection of the RML. At 
that time, she was having occasional cough and peri-
odic exacerbations of her asthma. We suspected that 
she had ABPA and chronic necrotizing Aspergillus in-
fection complicating her underlying asthma and caus-
ing RML syndrome. She was started on twice-daily oral 
voriconazole 200 mg.

Although her treatment plan consisted of 3 months 
of therapy, she developed a diffuse rash after taking 
voriconazole 200 mg for 3 weeks. Thus, voriconazole 
was discontinued; the rash disappeared approximately 
1 week later. She was then started on oral posacon-
azole, but after several days the drug was discontinued 
because the patient experienced hematuria. Her cough 
resolved while in our care, and she felt that her over-
all condition had improved; thus, she decided to forgo 
surgical intervention.

Follow-up CT was obtained 1.5 months later, the 
results of which showed a residual area of bronchiec-
tasis and absence of a mass in the RML. The patient 
discontinued immunosuppressive therapy for her 
rheumatoid arthritis. We surmise that the patient had 

a more rapid resolution of the RML mass because of 
the 3-week course of voriconazole and short-term cor-
ticosteroids she received, thereby suggesting an aller-
gic immune response to the aspergillosis with possible 
airway obstruction, rather than an invasive infection.

She remains asymptomatic except for occasional 
bouts of asthma-like symptoms, which are controlled 
with inhaler therapy.

Discussion
RML syndrome is a phenotype associated with infec-
tive and noninfective etiologies (see Tables 1 and 2).2-14 
In general, the onset of symptoms of RML syndrome 
is insidious and can include chronic cough, purulent 
sputum production, unintentional weight loss, fever, 
lethargy, hemoptysis, chest pain, and night sweats. 
Many patients with RML syndrome have chronic cough 
with purulent sputum production as their only symp-
toms. A history of recurrent or chronic pneumonia 
may be present. Although RML syndrome occurs in all 
age groups, its precise incidence rate in children is un-
known; however, it may occur twice as often in girls 
than boys.9 In adults, it is approximately 1.5 to 3 times 
more common in women.13 A history of atopy, asthma, 
or COPD has been reported in up to 50% of patients 

Fig 2. — Computed tomography of the chest showing a large mass with a lobulated, scalloped border 
in the right middle lobe.

Fig 3. — Findings on positron emission tomography showing increasing uptake and size of the lesion.
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with RML syndrome.2,20 When it is associated with 
MAC infection, the disease typically occurs in wom-
en with a slender build who have thorax or sternum 
deformities; for example, Pomerantz et al21 described 
most of their patients as slender women with skeletal 
abnormalities (eg, pectus excavatum, mild scoliosis, 
straight back syndrome, mitral valve prolapse). It has 
also been associated with the continuous use of anti-
tussive drugs.22 In all cases, treatment is directed at the 
underlying etiology.

Reich and Johnson23 hypothesized that women 
were more likely to regard expectoration as socially 
unacceptable behavior, so they may habitually sup-
press voluntary cough, which leads to an inability to 
clear secretions (especially from the middle lobe and 
lingula), resulting in a chronic nidus for inflammation 
that favors subsequent infection.

Anatomically, the middle lobe and lingula have in 
common long, narrow-diameter, dependent bronchi 
(in an upright position) at an acute angle, thus mak-
ing it more difficult to clear secretions that predispose 
them to infection. Furthermore, the middle lobe and 
lingula contain minimal parenchymal bridges due to 
deep fissures that provide effective barriers to collat-
eral ventilation and isolate these lobes, thereby reduc-
ing the likelihood of reinflation once atelectasis has 
occurred.

Nearly one-half of healthy adults aspirate small 
amounts of oropharyngeal secretions while asleep.24  
A low burden of pathogenic bacteria in these secre-
tions — together with forceful coughing, active ciliary 
transport, and normal immune mechanisms — can re-
sult in the clearance of infectious material without se-
quelae. The risk of aspiration is higher in elderly per-
sons because of increased incidences of dysphagia and 
gastroesophageal reflux in this population.25 Adults 
with impaired cough or voluntary cough suppres-
sion are at risk for developing infection and aspiration 
pneumonia, particularly in the RML.25

In general, infectious agents associated with RML 
syndrome in children include Streptococcus pneumonia 
and Haemophilus influenzae; by contrast, the causes 
are more diverse in adults and include MAC and other 
NTM, and M tuberculosis, as well as Histoplasma, 
Blastomyces, and Aspergillus species.6,12,13 Granulo-
matous infections, such as tuberculosis, histoplasmo-
sis, and blastomycosis, can cause enlargement of the 
peribronchial lymph nodes that may lead to RML syn-
drome.13 Chronic infection with Pseudomonas aeru-
ginosa commonly occurs in cases of bronchiectasis 
and is associated with increased symptoms and a de-
creased quality of life.26

Risk factors for MAC and M asiaticum infections 
are similar to those observed for other NTM species, 
with COPD and bronchiectasis being the most com-
monly observed preexisting conditions in pulmonary 

cases.27 M asiaticum and MAC infections cause cavi-
tary and nodular diseases. The clinical and radiograph-
ical characteristics of this clinical syndrome are initial 
involvement of the periphery of the lingula or its coun-
terpart, the middle lobe, and the absence of clinically 
evident predisposing pulmonary disorders, with these 
features being almost exclusive to older women.23

Pulmonary disease caused by Afumigatus infec-
tion is classified into 3 groups: aspergilloma, ABPA, 
and invasive aspergillosis. Diagnosis is based on serol-
ogy, examination of sputum/BAL fluid, and radiologi-
cal imaging. The radiological features for Aspergillus 
infection–related lung disease include tree-in-bud nod-
ules and cavities mimicking those of NTM infection. 
Clinical and serological criteria, including episodic 
bronchial obstruction (asthma), peripheral blood eo-
sinophilia, and positive Aspergillus serology, are used 
to diagnose ABPA because the radiological features 
of ABPA (central bronchiectasis and pulmonary in-
filtrates) are difficult to differentiate in patients with 
bronchiectasis and NTM infection.28 This is important 
because an association may exist between NTM infec-
tion and Aspergillus infection–related lung disease. 
These conditions may be associated with one another 
because patients with NTM infection receive multiple, 
broad-spectrum antibiotics that predispose them to 
Aspergillus infection.29 In addition, use of steroids or 
chronic immunosuppression due to chronic lung dis-
orders, such as RML syndrome, may predispose these 
patients to both NTM infection and Aspergillus–related 
lung disease.29

Imaging
Findings on chest roentgenography or CT in patients 
with RML syndrome often show evidence of infection 
of the RML or left lingular lobe of the lung. The volume 
loss resulting from collapse of the RML is seen on chest 
radiographs as a triangular hyperdensity area between 
the minor fissure and the lower half of the major fis-
sure, with the apex at the hilum and the base periph-
erally toward the pleura.30 Posterior radiography may 
also reveal blurring of the right cardiac border called 
the silhouette sign). Obtaining high-resolution CT may 
be useful to delineate bronchial patency, any associ-
ated bronchiectasis, and other causes of extrinsic com-
pression of the RML airway. Flexible bronchoscopy al-
lows the clinician to evaluate the patency of the RML 
bronchus and collect specimens for the diagnosis of 
infectious causes. Endobronchial ultrasonography can 
help detect extrinsic compressions due to lymph-node 
enlargement and calcifications. Ultrasonography can 
also reveal occult lung atelectasis in neonates.12,31

Nonsurgical Treatment
Treatment is directed toward the underlying cause. 
Bronchodilators, mucolytic agents, and antimicrobials 
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can be used in cases of nonobstructive MLS. MLS 
associated with asthma responds to inhaled corticoste-
roids and bronchodilators. Antimicrobials are based on 
culture or sensitivity reports from BAL fluid or sputum. 
Broad-spectrum antimicrobials that cover streptococci, 
H influenza, Moraxella catarrhalis, and Pseudomo-
nas species can also be used in certain circumstances. 
Early use of aggressive antibiotic therapy may more 
successfully eradicate organisms such as Pseudomo-
nas species, and it may also have a beneficial role on 
subsequent exacerbation rates, because chronic infec-
tion with organisms such as P aeruginosa is associated 
with worse quality of life, increased exacerbation fre-
quency, and rapidly declining lung function.26

Consideration must also be given to atypical 
mycobacteria, fungi, and other unusual infections.  
Low-dose macrolide therapy may improve quality of 
life — particularly if bronchiectasis is present — and 
some have advocated for the long-term rotation of  
antibiotics (3 weeks on, 1 week off, and then alternate 
antibiotics).32

The success rate of treating MAC-related lung 
disease with macrolide-containing antibiotic regi-
mens is between 60% and 80%; however, failed treat-
ment responses occur in 20% to 40% of patients, and 
some whose disease is successfully treated still expe-
rience recurrence.33 Unlike M tuberculosis infection, 
MAC-related lung disease may be more likely to recur 
in patients with factors predisposing them to the ac-
quisition of new bacterial strains rather than the per-
sistence of the bacilli.33 The recurrence rate is also 
significantly higher in patients with nodular bron-
chiectatic forms of the disease than in those with a 
fibrocavitary or unclassifiable type for radiological 
imaging.34 Furthermore, many patients with a nodu-
lar bronchiectatic pattern have been infected with 
multiple MAC strains, suggesting polyclonal or recur-
rent infection with distinct strains.33 Recurrence and 
infection by MAC is also associated with inherited in-
terferon γ receptor 1 deficiency.35 Patients with reces-
sive complete interferon γ receptor 1 deficiency may 
have chronic disease that does not resolve on treat-
ment and their disease may rapidly relapse after an-
tibiotic therapy is discontinued.35 In addition, in this 
subgroup of patients, Bacillus-Calmette-Guerin vac-
cination was found to delay the onset of first environ-
mental mycobacterial disease.35

Broncholiths and foreign objects can be removed 
by routine bronchoscopy or rigid bronchoscopy in 
patients with obstructive MLS. Other nonsurgical 
bronchoscopy options are balloon dilatation, stent 
placement, argon plasma coagulation, electrocautery, 
cryotherapy, and laser therapy to relieve focal nonma-
lignant obstruction. Chest physical therapy and pos-
tural drainage are also important for the management 
of MLS.

Surgery
Surgical removal of the middle lobe is reserved for per-
sistent, complex cases of MLS unresponsive to therapy 
and among those whose middle lobe bronchus is ob-
structed. Recurrent hemoptysis in a patient with MLS 
for whom interventional radiology techniques have not 
been successful is also an indication for surgery. Ma-
lignancy warrants removal of the middle lobe, togeth-
er with the surrounding hilar and mediastinal lymph 
nodes. Surgery may also be considered in patients with 
MLS who have scarring, fibrosis, and abscess forma-
tion. Surgical intervention can be considered in pa-
tients with nonobstructive MLS if their symptoms per-
sist and radiological evidence of chronic atelectasis is 
seen after prolonged medical therapy (~ 6 months).13

Conclusions
Diagnosis of right middle lobe (RML) syndrome may 
be delayed or go unnoticed unless this unusual pattern 
is recognized and appropriate diagnostic studies are 
employed. Oftentimes, patients with RML syndrome 
will have a history of multiple treatments for recurrent 
pneumonia or asthma. The middle lobe and lingula are 
predisposed to inflammation and infection because of 
their anatomical structures and the absence of collater-
al ventilation. Most patients with nonobstructive mid-
dle lobe syndrome respond to bronchodilators, muco-
lytics, and broad-spectrum antibiotics. Patients whose 
disease is unresponsive to medical treatment and those 
with obstructive RML syndrome may be candidates for 
resection of the RML or lingula.
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Summary: A major cause of morbidity and mortality in patients with cancer is infection. Since the 
introduction of the Haemophilus influenzae type b (Hib) vaccine in the United States in the 1990s, in-
vasive H influenzae infection has become less common. We report on 5 patients with cancer and invasive 
H influenzae infection. A literature review was also performed of the dominant Haemophilus subtype and 
the clinical features associated with the infection and concomitant cancer. Of the 17 cases found in the lit-
erature, 7 had hematological malignancies and 1 case each had thymoma, schwannoma, teratoma, and 
pancreatic, Merkel cell, pharyngeal, laryngeal, and rectal carcinomas. Two cases occurred with AIDS and 
Kaposi sarcoma. Pneumonia with bacteremia was seen in 8 cases, whereas pleuritis, neck cellulitis, septic 
arthritis, meningitis, and mediastinitis were diagnosed in the others. No focus of infection was identified in 
2 cases. Nontypable H influenzae (NTHi) occurred in 4 cases, and Hib was isolated in 2 cases; serotyping 
was not reported in the others. Leukocytosis occurred in 7 cases and lymphopenia in 3; no cases presented 
with neutropenia. Four isolates were positive for β -lactamase. Susceptibility data were unavailable in 5 case 
patients. Among serotyped cases, 67% were of the NTHi strain — a finding consistent with the change in the 
epidemiology of H influenzae since the introduction of the Hib vaccine. 

Introduction
Haemophilus influenzae is a gram-negative coccoba-
cillus that, when infecting humans, can manifest as 
bacteremia, meningitis, epiglottitis, cellulitis, and septic 
arthritis.1-4 It can be classified as typable H influenzae 
(encapsulated) or nontypable H influenzae (NTHi; 
unencapsulated). Encapsulated strains are further clas-
sified into 6 serotypes (a–f) based on the antigenic 
structure of the capsular polysaccharide, a critical viru-
lence factor that mediates invasion of the bloodstream, 
thereby causing bacteremia. 

H influenzae type b (Hib) is the most virulent or-
ganism of all 6 serotypes; however, due to the wide-
spread childhood immunization program in the 1990s, 
the distribution of capsular serotypes in H influenzae 
disease shifted in the United States.1,5 H influenzae 
type f has been reported as the most frequent non–Hib 
capsulated strain.5-9 NTHi is also considered to be a sig-
nificant cause of invasive H influenzae infection.5-12

Several risk factors exist for invasive H influenzae 
infections, including malignant neoplasms, asplenia, 
agammaglobulinemia, alcohol use disorder, AIDS, 

chronic pulmonary diseases, long-term steroid use, 
and undergoing chemotherapy, radiotherapy, or stem 
cell transplantation.2-4,6,11,13,14 

Because malignancy is a risk factor for such infec-
tion, we report on our experience with H influenzae 
bacteremia since 2000 in our patients with cancer, in-
cluding both solid and hematological malignancies, 
and their association with other comorbidities. A re-
view of the literature was also performed to analyze 
specific risk factors, varied clinical presentations, out-
comes, and antibiotic resistance patterns in relation to 
the cancer setting. To the best of our knowledge, no 
study after 1990 has assessed H influenzae infections 
in patients with cancer. 

Case Reports
We reviewed the records of patients with document-
ed invasive H influenzae infections seen at the H. Lee 
Moffitt Cancer Center & Research Institute in Tampa, 
Florida, between 2000 and 2015. The study popula-
tion was identified from body fluids that were positive 
for H influenzae, the cultures of which were obtained 
from the microbiology laboratory during the same pe-
riod of time. Patient records were reviewed for age, 
sex, clinical presentation, cancer diagnosis, underly-
ing risk factors, comorbidities, previous hospitalization 
due to infection, medication use, presence or absence 
of neutropenia, procalcitonin levels, and antibiotic 
regimen. In addition, data regarding length of hospital 
stay and outcomes were reviewed.

Identification of the microorganisms was per-
formed using standard microbiological methods. 
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Organisms suspected of being H influenzae were 
identified using the Rapid NH System (Thermo Fisher 
Scientific, Lenexa, KS). Antimicrobial susceptibilities 
were performed using standard Kirby-Bauer disk diffu-
sion antibiotic sensitivity testing. H influenzae subtyp-
ing was not performed unless specifically ordered by 
the patient’s treating physician. This procedure has 
remained consistent at Moffitt Cancer Center since 2000.

From this retrospective search at Moffitt Cancer 
Center, 5 patients with H influenzae bacteremia were 
identified.

Case 1 
A 63-year-old white man with a history of multiple my-
eloma (MM) complicated by stage 2 chronic kidney 
disease, immunoglobulin D λ monoclonal gammopa-
thy, and anemia presented with fever and shortness of 
breath. He was being treated with pomalidomide and 
had been taking oral dexamethasone for 1 year. His 
medical history was significant for diabetes mellitus, 
hypertension, congestive heart failure, osteoarthritis, 
deep venous thrombosis, and pulmonary embolism, 
which required an inferior vena cava filter so he was 
placed on chronic anticoagulation. He was repeatedly 
hospitalized for right lower extremity cellulitis com-
plicated by group G streptococci bacteremia. He was 
treated with vancomycin, clindamycin, and posacon-
azole for left lower-extremity cellulitis where a superfi-
cial wound culture isolated methicillin-resistant Staph-
ylococcus aureus (MRSA) and Mucor species.

On presentation to the emergency department, he 
was febrile with a temperature of 100.5 °F. He reported 
recent exposure to his grandchildren who were having 
flulike symptoms. His white blood cell (WBC) count 
was 81,600/µL, and his absolute lymphocyte count 
was 730/µL — presumably secondary to long-term ste-
roid use — and his procalcitonin level was 0.76 mg/dL. 
Screening cultures were positive for MRSA and vanco-
mycin-resistant Enterococcus faecium. Findings on a 
respiratory viral panel and polymerase chain reaction 
were positive for Rhinovirus. 

Lower-extremity Doppler ultrasonography re-
vealed left popliteal deep venous thrombosis. Chest 
radiography showed new left lower lobe infiltrates as 
compared with findings on chest radiography obtained 
on a previous visit. Computed tomography (CT) of the 
chest revealed bilateral scattered infiltrates. 

The patient was started on broad-spectrum anti-
biotics, including vancomycin and piperacillin/tazo-
bactam, as well as posaconazole. On hospitalization 
day 2, both blood and sputum cultures demonstrated 
H influenzae positive for β-lactamase. Intravenous 
vancomycin and piperacillin/tazobactam were later 
discontinued and oral minocycline was started follow-
ing the culture sensitivity results. 

The patient’s condition significantly improved 

while on treatment, and he was discharged after 7 days 
in the hospital. He completed 2 weeks of oral mino-
cycline, prophylactic oral levofloxacin, posaconazole, 
sulfamethoxazole/trimethoprim, and acyclovir. He 
continues follow-up visits at Moffitt Cancer Center for 
treatment of MM.

Case 2 
A 51-year-old white man presented with fever, produc-
tive cough, and sinus congestion. He also complained 
of lower back and left flank pain with increased uri-
nary frequency, nausea, and vomiting. His past medi-
cal history was significant for stage 3A κ-light chain 
MM, which was diagnosed 8 years from his current 
presentation. 

He underwent autologous stem cell transplanta-
tion 4 years after being diagnosed with MM; however, 
because of the progression of his disease, the patient 
was treated with cyclophosphamide and high-dose 
prednisone. After his disease continued to progress, he 
was given lenalidomide. 

He presented to the Blood and Marrow Transplant 
Outpatient Transplant clinic at Moffitt Cancer Center 
for scheduled treatment with dexamethasone pulse 
therapy but complained of a 3-day history of fever 
(~ 103 °F). His WBC count was 36,800/µL (lymphocy-
topenia), absolute lymphocyte count was 500/µL, 
ionized calcium level was elevated at 10.6 mg/dL, and 
his total protein level was 10.8 g/dL. He did not have 
neutropenia. The patient declined hospitalization. 
Blood and urine cultures were collected. He was then 
started on daily oral levofloxacin. 

On the third day following his visit, he returned to 
the outpatient clinic because the blood cultures were 
positive for gram-variable cocci. He was started on 
intravenous ceftriaxone 2 g daily and a single intrave-
nous dose of daptomycin. Urine cultures grew fewer 
than 10,000/mL α-hemolytic streptococci. Blood cul-
tures subsequently grew H influenzae. 

Based on the culture and sensitivity results, the 
patient continued to receive intravenous ceftriaxone 
for 2 weeks. The patient again declined hospitaliza-
tion, so he received home care for the intravenous an-
tibiotics. Repeat blood cultures obtained 48 hours after 
the initial positive blood cultures remained sterile.

Case 3
A 73-year-old white man was hospitalized for left lower 
lobe pneumonia and sepsis after presenting to Moffitt 
Cancer Center with fever, cough, and rhinorrhea. His 
past medical history was significant for chronic lym-
phocytic leukemia (CLL), which was diagnosed 5 years 
prior to his presentation, as well as hypogammaglobu-
linemia, longstanding diabetes mellitus, and coronary 
artery disease, resulting in multiple previous hospital-
izations. His history was also significant for recurrent 
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sinusitis and pneumonias that required 3 hospitaliza-
tions in a 2-year period. His most recent hospitaliza-
tion occurred secondary to Enterococcus bacteremia 
2 months prior to his presentation. 

Upon his presentation to our institution, his  
temperature was 101.0 °F. His WBC count was 
346,200/µL with bands on differential. CT of the chest 
demonstrated left lower lobe lung consolidation with 
pleural effusion (Fig). A right middle lobe nodule was 
cultured, but the findings were negative on biopsy. 
The histopathology was consistent with CLL. Blood 
and sputum cultures were obtained, and he was dis-
charged home on oral levofloxacin. 

However, he was hospitalized the following day 
after results from the blood cultures were positive for 
gram-negative coccobacilli. The patient was started on 
intravenous meropenem and was given a single dose 
of intravenous tobramycin pending culture identifica-
tion and sensitivity results. 

The blood and sputum cultures grew H influenzae 
negative for β-lactamase. The patient’s antibiotic 
treatment was switched to daily intravenous levo-
floxacin 750 mg following the sensitivity results, and 
he was discharged on oral levofloxacin after being 
hospitalized for 3 days. In total, he received 10 days 
of treatment. 

Results were negative from follow-up cultures ob-
tained 24 hours after the initial blood cultures. Fol-
low-up CT of the chest showed significant improve-
ment in the left lower lobe and a stable right middle 
lobe nodule.

Case 4
A 59-year-old white woman with a history of breast 
cancer and stage IV colorectal cancer was admitted 
from the clinic for hypotension and leukocytosis. She 
had recently established care at Moffitt Cancer Center 
after completing irinotecan and cetuximab at another 

facility for the treatment of colorectal cancer. 
Despite this treatment, her disease had progressed 

and metastasized to her liver. Chemoembolization was 
considered, but she was deemed to be a poor candi-
date. Her carcinoembryonic antigen level increased 
from 53.6 to 78.5 ng/mL within 3 months, and her bili-
rubin level increased to 19 mg/dL requiring percutane-
ous drain placement. 

Upon admission, she denied any upper respirato-
ry symptoms or urinary complaints. She received vol-
ume resuscitation and panculture was obtained prior 
to her receiving empirical therapy with intravenous 
ampicillin/sulbactam. Blood cultures were positive 
for H influenzae and Streptococcus anginosus. Kleb-
siella oxytoca and S viridans grew in the biliary fluid 
culture. Her hemodynamic status and WBC count im-
proved during hospitalization. Based on sensitivity 
results, she was placed on oral levofloxacin 750 mg 
daily and completed a 2-week course of treatment.  

Case 5
A 63-year-old white man presented to Moffitt Cancer 
Center in mild respiratory distress. He was post-CLL 
after a matched, unrelated donor stem cell transplant 
2 years ago and also had a history of hypertension 
and chronic kidney disease. He was currently receiv-
ing prophylactic tacrolimus and sirolimus to prevent  
graft-vs-host disease, oral atovaquone as prophylaxis 
for pneumocystis pneumonia, and oral acyclovir for vi-
ral prophylaxis. 

Chest radiography revealed right perihilar and 
right-base opacities. Blood cultures were obtained, and 
he was sent home with oral levofloxacin 750 mg af-
ter receiving 1 dose of intravenous ceftriaxone. How-
ever, he was asked to return to Moffitt Cancer Center 
because the blood cultures obtained were positive for 
gram-negative rods. 

At the time of his admission, his respiratory con-
dition deteriorated and he required intubation after 
he failed a trial of bilevel positive airway pressure 
and became hypoxic (oxygen saturation level of 63%). 
His temperature was 100.4 °F. Laboratory studies 
were obtained and were significant for leukocytosis 
(287,000/µL), monocytosis, a blood urea nitrogen 
level of 34 mg/dL, a creatinine level of 1.3 mg/dL, and 
mildly elevated transaminases. 

Imaging was performed, the results of which 
showed enlarging perihilar opacities and increasing 
bilateral, patchy airway disease suggestive of pneumo-
nia. The patient was treated with 1 dose of tobramycin 
and meropenem. 

Blood cultures grew H influenzae positive for 
β-lactamase. He was continued on daily treatment 
with intravenous ceftriaxone 2 g and oral levofloxacin 
750 mg. He died on hospitalization day 5 due to multi-
organ failure.

Fig. — Computed tomography of the chest demonstrated consolidation 
in the left lower lobe lung and pleural effusion.
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Literature Review
We performed an English-language literature review 
of cases in the United States of H influenzae infec-
tion among patients with cancer published between 
January 1, 1990, and December 31, 2015. A total of 
129 articles were discovered. However, to be eligible 
for our review, patients had to be infected with H in-
fluenzae (typable and NTHi); be older than 18 years; 
be diagnosed with cancer (hematological and solid 
cancers); or have an infection that was the cause of 
the cancer. Based on these criteria, we identified  
9 of the original 129 articles for inclusion in this  
review.4,12,15-20 

In the studies reviewed, the age of the case pa-
tients ranged from 30 to 77 years; their mean age was 
63.1 years (Table).4,12,15-20 Eleven men and 6 women 
made up the cases. Seven patients had hematological 
malignancies: 3 had MM, 3 had CLL, and 1 had lym-
phoma. One case patient each had pancreatic carci-

noma, metastatic Merkel cell carcinoma (a neuroen-
docrine tumor of the skin), pharyngeal carcinoma, 
thymoma (resected 2 years prior to H influenzae in-
fection), laryngeal cancer, recurrent rectal cancer, 
schwannoma (cranial nerve IX/X), and ruptured me-
diastinal mature cystic teratoma. Of the 2 patients with 
AIDS and Kaposi sarcoma, 1 had involvement of the 
lower extremity and 1 had right-ear involvement.

No data were found on the temperature and WBC 
count in 4 patients (cases 7–9 and 17). Two patients 
(cases 12 and 14) were afebrile on presentation. With 
the exception of 1 patient (case 6) whose temperature 
was 100.0 °F, all other patients presented with a tem-
perature higher than 100.4 °F. None of the case patients 
had neutropenia.4,12,15-20 Seven patients had leukocyto-
sis and 3 had lymphopenia.

Four patients (cases 7, 8, 13, and 14) were infect-
ed with NTHi, a fact documented after serotyping. 
Hib was isolated in 2 patients (cases 9 and 16). In the 

Table. — Summary of the Literature Review for Invasive Haemophilus influenzae Infections in Patients With Cancer 

Case 
No.

Age, y Sex Malignancy Fever 
(° F)

WBC Study Culture Sensitivity 
Data

Diagnosis

1 63 M MM 100.5 Lymphopenia
No neutropenia

H influenzae Positive for 
β-lactamase 

Pneumonia

2 51 M MM 103.0 Lymphopenia
 No neutropenia

H influenzae Pansensitive URI

3 73 M CLL 101.0 Leukocytosis with 
evidence of left shift

H influenzae Pansensitive Pneumonia

4 59 W Rectal carcinoma 100.6 Leukocytosis H influenzae Positive for 
β-lactamase

Sepsis

5 63 M CLL 100.4 Leukocytosis with 
monocytosis

H influenzae Positive for 
β-lactamase

Pneumonia

6 73 M Metastatic Merkel 
cell carcinoma

100.0 Low WBC count H Influenzae Pansensitive Pneumonia

7 77 W Pancreatic carcinoma — — NTHi — Pneumonia

8 65 M Pharyngeal cancer — — NTHi — Pleuritis

9 77 W Lymphoma — — H influenzae type B — Pneumonia

10 75 M KS (lower extremity) 101.3 Leukocytosis H influenzae — No source found

11 67 M KS (right ear) 104.9 Leukocytosis H influenzae Positive for 
β-lactamase

Right neck cellulitis

12 70 W Thymoma — Lymphopenia
No neutropenia

H influenzae Pansensitive Pneumonia

13 57 M Laryngeal cancer 101.8 Leukocytosis NTHi Pansensitive Septic arthritis

14 71 M CLL — Leukocytosis NTHi Pansensitive PJI

15 43 W MM 103.0 No neutropenia H influenzae Pansensitive Septic arthritis  
(right knee)

16 30 W Schwannoma  
(cranial nerve IX, X)

101.8 No neutropenia CSF
H influenzae type B

Pansensitive Postsurgical bacterial 
meningitis

17 58 M Teratoma  
(mediastinum)

— — Mediastinal tissue 
H influenzae

— Mediastinal teratoma 
rupture

CLL = chronic lymphocytic leukemia, CSF = cerebrospinal fluid, KS = Kaposi sarcoma, M = man, MM = multiple myeloma, NTHi = nontypable H influenzae, 
PJI = prosthetic joint infection, URI = upper respiratory infection, W = woman, WBC = white blood cell. 
From references 4, 12, and 15 to 20.
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remaining case patients, no H influenzae serotyping 
data were noted. No susceptibility data were available 
for 5 patients (cases 7–10 and 17). In 4 patients (cases 
1, 4, 5, and 11), bacteria positive for β-lactamase were 
isolated. In the remaining case patients, the bacteria 
cultures were negative for β-lactamase. 

Eight case patients were diagnosed with pneumo-
nia with bacteremia. One case report (case 14) docu-
ments a possible chest infection complicated by bac-
teremia and hematogenous dissemination to the joint. 
No focus of infection was noted in 2 patients (cases 
4 and 10). Pleuritis, right-sided neck cellulitis, septic 
arthritis, postsurgical bacterial meningitis, and medi-
astinitis after teratoma rupture were diagnosed in the 
remaining patients.

H influenzae infection resolved in all but 3 case 
patients (cases 5, 7, and 10). One patient (case 10) was 
unable to be extubated after undergoing abdominal 
aortic bypass surgery. As the condition of the patient 
worsened with persistent acidosis, the patient died af-
ter 41 days of hospitalization, which is when support 
measures were withdrawn following consent given by 
the patient’s family.

Discussion
Infections remain a major cause of morbidity and 
mortality among patients with cancer, and this is es-
pecially true after systemic chemotherapy–induced 
neutropenia.21 Traditional causative organisms in-
clude gram-negative bacilli such as Enterobacteriaceae 
and Pseudomonas. However, gram-positive bactere-
mia is experiencing resurgence due to the frequent 
use of fluoroquinolone prophylaxis for prolonged 
neutropenia.21

In the last 30 years since the introduction of the 
Hib vaccination to the United States, and with many 
countries now adopting widespread immunization 
programs, a considerable change has occurred in the 
epidemiology of H influenzae infections.3,5,6,10,11 For 
example, NTHi is emerging as an important cause of 
invasive Haemophilus infections.5-12 Although 65% of 
the cases described in the present review were not se-
rotyped, 6 cases for which this information was avail-
able revealed that 4 cases (67%) were NTHi and 2 (33%) 
were Hib. Thus, our findings reiterate the importance 
of NTHi as a cause of H influenzae bacteremia. Labo-
ratory personnel should be encouraged to further se-
rotype Haemophilus species so that we can begin to 
recognize different types of infections associated with 
the subtypes that may later help us determine the im-
munity needed against them.21

It is also worth noting that H influenzae infections 
are common at both extremes of age.5,11 In addition to 
the changes in the serotype distribution of H influ-
enzae infections, widespread childhood immunization 
has shifted the trend of infection toward elderly per-

sons with comorbidities.5,6,11,12,17,21 Common factors in-
clude cancers and other immunocompromised states, 
and this is especially true where humoral immunity 
is compromised. MM is the major malignancy among 
them. Chronic kidney disease is also a condition asso-
ciated with an increased risk of invasive Haemophilus 
infection.22 

Thus, advocating for immunization in elderly pa-
tients could influence the prevalence of invasive Hib 
in this age group.13,22 Because NTHi is becoming the 
predominant strain of H influenzae causing infec-
tions in humans, new vaccines are needed that do not 
target the capsular polysaccharide alone. One-tenth 
of Haemophilus species live in the human respiratory 
tract, and at least 8 different species colonize the naso-
pharyngeal cavity, so new vaccines should focus on na-
sopharyngeal carriage.5,23 A licensed, 10-valent pneu-
mococcal vaccine conjugated to the immunogenic outer 
membrane protein D of H influenzae could poten-
tially prevent invasive disease.5,17

Although upper respiratory infection was the 
most common presentation in our cases (> 50%), 
other organ systems have also been involved.1,2,4,21 
In other published reports, the primary focus of in-
fection is not always recognized.3 Fulminant sepsis 
with H influenzae is more common in those with 
immunodeficiency and in those with asplenia.13,24 In 
addition, direct mucosal disruption can also cause 
invasive disease.16

Patterns of antibiotic susceptibility for H influen-
zae differ and depend on geographical location. Most 
strains are susceptible to ampicillin, but resistance to 
ampicillin continues to be reported, as was document-
ed in this review.12,21 The most common mechanism for 
this is the prevalence of strains producing β-lactamase, 
although alteration of penicillin-binding proteins has 
also been described.4,10 Strains producing β-lactamase 
were isolated in 4 cases described in our study.

Conclusions
Haemophilus influenzae bacteremia is not a rapidly 
fatal process when compared with bacteremia caused 
by other gram-negative bacilli.21 In our study, patients 
without severe medical comorbidities or widespread 
metastatic malignancies remained in the hospital for 
less than 1 week and appeared to completely recov-
er from the infection. Of the 17 cases found in the 
literature, 14 were reported to have a full resolution 
of their infection after prompt treatment; the 3 other 
patients were elderly (≥ 63 years).4,12,15-20 Because wide-
spread childhood immunization has shifted the trend 
of infections in the United States toward elderly pa-
tients with comorbidities, and because the case fatality 
rate of these invasive infections increases with age, it 
is important that we develop preventive and treatment 
options designed for the elderly population.5,6,11,12,17,21
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Background: Medical mistrust is thought to affect health care–based decisions and has been linked to poor 
health outcomes. The effects of medical mistrust among men with prostate cancer are unknown. Thus, the goal 
of the current study is to examine the association between medical mistrust and quality of life (QOL) among 
black and white men with prostate cancer. 
Methods: A total of 877 men (415 black, 462 white) with prostate cancer between the ages of 40 to 81 years 
who entered the North Carolina Central Cancer Registry during the years 2007 and 2008 were retrospectively 
recruited. The dependent variable was overall QOL measured by the Functional Assessment of Cancer Therapy–
Prostate questionnaire. The primary independent variable was medical mistrust. Multivariate regression 
analysis was used to assess the association between medical mistrust and overall QOL. 
Results: Compared with white men, black men reported a higher level of medical mistrust (black = 2.7, white 
= 2.4; P < .001) and lower QOL (black = 134.4, white = 139.5; P < 0.001). After controlling for demographical and 
clinical variables, higher levels of medical mistrust were associated with a reduction in overall QOL among 
men with prostate cancer (β = –7.73; standard error = 1.54)
Conclusions: Higher levels of medical mistrust are associated with reduced overall QOL among black and 
white men with prostate cancer. Interventions targeted to reduce medical mistrust may be effective in increas-
ing the overall QOL of men with prostate cancer.

Introduction
In 2016, an estimated 180,890 new cases of prostate 
cancer were diagnosed and 26,120 deaths related to 
the disease occurred in the United States.1 Prostate 
cancer is one of the most commonly occurring ma-
lignancies and is the second leading cause of cancer-
related death among men in the United States.1,2 Al-
though the disease is potentially lethal, due in part to 

widespread screening — which allows for early de-
tection — and advances in treatment, many men with 
prostate cancer die of other illnesses not related to 
prostate cancer.3-5 The 10- and 15-year survival rates 
for prostate cancer are 98% and 95%, respectively, 
and the relative 5-year survival rate is nearly 100%.1 
In general, treatment for prostate cancer involves 
surgery, radiotherapy, hormone therapy, and che-
motherapy.2 Depending on age, stage of the disease, 
and other comorbidities, active surveillance may be 
a more appropriate strategy, especially for older indi-
viduals with low-grade and early-stage tumors.2 Many 
life-extending treatment options are available to men 
diagnosed with prostate cancer, so the quality of life 
(QOL) available to these men following treatment has 
become a salient concern. 

 Common QOL challenges that men with prostate 
cancer often encounter include anxiety, depression, 
loss of sexual and urinary function, financial burden, 
loss of social support, and fear of dying.6-9 Some men 
with prostate cancer reported that they were willing to 
trade off the possibility of living a longer life in return 
for better QOL.10 Of interest is whether concerns about 
QOL may be influenced by issues of medical mistrust. 
For example, Sheppard et al11 found that medical mis-
trust was associated with increased anxiety and de-
pression among black women with breast cancer. It is 
also known that black men with prostate cancer report 
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higher levels of medical mistrust than white men; how-
ever, little is known about the effects of medical mis-
trust among men with prostate cancer.12,13 

As a concept, mistrust remains debated among 
researchers, but the consensus is that trust is a multi-
dimensional construct that can be conceptualized as 
being both interpersonal and institutional.14 Interper-
sonal trust involves trusting other people’s behavior 
and intentions personally or their attributes; by con-
trast, institutional trust includes the trust a person has 
in systems of knowledge, groups of people, or institu-
tions.14,15 Institutional mistrust is a belief “with feelings 
of relative certainty or confidence that favorable condi-
tions that are conducive to situational success in a risky 
endeavor or aspect of one’s life are not in place.”15 Mis-
trust is defined as general lack of trust in the motives of 
individuals and organizations.16 Medical mistrust is fur-
ther defined as distrust of the medical system, health 
care professionals, and treatments.17 

Purpose
The objective of the current study was to examine 
the association between medical mistrust and overall 
QOL among black and white men with prostate can-
cer. Although previous studies have examined medical 
mistrust, few have examined the influence of medical 
mistrust in the context of prostate cancer.12,17-22 Level of 
education, race, prior health care experiences, and cul-
tural factors have all been suggested to be predictors 
of medical mistrust among men with prostate cancer.12 
However, of the studies that examined medical mis-
trust in the context of prostate cancer, none explored 
the effects of medical mistrust on QOL among black or 
white men with prostate cancer after treatment. Due to 
the racial disparities that exist among men with pros-
tate cancer across the continuum of care,13,23 reduced 
QOL found among black vs white men with prostate 
cancer and the consistent racial differences in medical 
mistrust,12,19,23,24 examining the association between 
medical mistrust and overall QOL after stratifying by 
race is of particular interest. 

 
Methods
The Diagnosis and Decisions in Prostate Cancer 
Treatment Outcomes trial is a cross-sectional study 
designed to examine factors that influence the selec-
tion of treatment modality for prostate cancer, the ra-
cial differences in disease burden, and quality of life. 
Using a rapid case ascertainment procedure, we ret-
rospectively recruited 877 men (415 black, 462 white) 
between the ages of 40 to 81 years who entered the 
North Carolina Central Cancer Registry during the 
years 2007 and 2008. Eligibility criteria were: men 
at least 35 years of age, diagnosed and treated for 
prostate cancer, and self-identified as white or black. 
Recruitment began in October 2009 and ended in 

December 2011. On a monthly basis, staff at the North 
Carolina Central Cancer contacted the primary re-
search network hospitals to request reports identify-
ing patients meeting the eligibility criteria. The North 
Carolina Central Cancer Registry mailed prospective 
study participants a pamphlet describing the study and 
informing them that they may be contacted in the fu-
ture to participate in a study. 

After our study team confirmed eligibility of the 
patients, the North Carolina Central Cancer Registry 
mailed the physician of record of each eligible patient 
a notification of intent to contact the prospective par-
ticipant about enrolling in the study. Physicians were 
given 3 weeks to object to our request to contact their 
patient. If the physician did not refuse patient contact 
within 3 weeks, the eligible patient was mailed a pack-
et containing a recruitment letter describing the study, 
a North Carolina Central Cancer Registry brochure, 
and a copy of the consent forms. In the letter, a phone 
number was provided so that prospective participants 
could call for questions or to decline inclusion. 

Interviewers contacted the prospective study par-
ticipant by telephone, screened them for study eligibil-
ity, explained the study, answered questions, and sought 
their participation. If the candidate agreed to partici-
pate, then the interviewer reviewed the consent form, 
obtained verbal consent, and proceeded with the survey 
questionnaire. The survey consisted of a series of ques-
tions related to prostate cancer, the process of care, and 
their QOL after treatment. The study was approved by 
the Institutional Review Boards of the Johns Hopkins 
Bloomberg School of Public Health, the US Department 
of Defense, and North Carolina Central Cancer Registry. 

Measures
Quality of Life
The third version of the Functional Assessment of 
Cancer Therapy–Prostate (FACT-P) questionnaire was 
used to measure overall QOL, the dependent vari-
able. The FACT-P is a multidimensional, validated, 
self-report QOL instrument designed for use in men 
with prostate cancer.25 This self-report instrument 
consists of 34 items on the Functional Assessment 
of Cancer Therapy–General (FACT-G) questionnaire 
and a 12-item disease-specific subscale for prostate 
cancer. The FACT-G instrument has 5 subscales cov-
ering 4 domains of QOL: physical, social, emotional, 
and functional well-being. The fifth subscale assesses 
a respondent’s relationship with his physician. Each 
item is rated on a 0 to 4 Likert-type scale that is then 
summed to produce the QOL score. Higher scores 
represent better QOL. 

Medical Mistrust
The primary independent variable of the study, medi-
cal mistrust, was assessed using the 7-item Medi-
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cal Mistrust Index, as previously described.26 Briefly, 
the scale employs 1 to 4 Likert-type responses ranging 
from “strongly disagree” to “strongly agree.” Examples 
of items included in the mistrust scale are: “Sometimes 
I wonder if the hospital’s staff members really know 
what they are doing,” “Patients have sometimes been de-
ceived or misled by hospitals,” and “When dealing with 
hospitals, one better be cautious.” The mean across all 
the measures of each respondent has been established 
to be a reliable score of their trust in the health care sys-
tem, with higher mean scores reflecting greater levels of 
medical mistrust.26

Covariates included de-
mographical and clinical vari-
ables. Demographical vari-
ables included race (1 = black, 
0 = white), age, marital status, 
level of education, and annual 
household income (Table 1). 
Health insurance coverage 
was assessed based on partic-
ipant response to the follow-
ing item, “Do you have private 
health insurance, Medicare, 
Medicaid, Civilian Health 
and Medical Program of the 
Uniformed Services (CHAM-
PUS) or Civilian Health and 
Medical Program of the De-
partment of Veterans Affairs 
(CHAMPVA)?” Those who 
responded “yes” to having 
any of the health insurances 
listed were considered to be 
insured, and those who did 
not have any health insurance 
coverage were considered to 
be uninsured. 

Clinical variables includ-
ed treatment modality, Glea-
son score, and time between 
diagnosis and treatment (see 
Table 1). The amount of time 
in months that passed be-
tween diagnosis and initial 
treatment was calculated. Re-
spondents were asked, “In 
what month and year were 
you diagnosed with pros-
tate cancer?” They were also 
asked, “In what month and 
year did you receive your first 
treatment?” Time between 
diagnosis and initial treat-
ment was calculated by sub-
tracting the time in months 

that lapsed between diagnosis and initial treatment for 
each man. Men who reported their treatment as active 
surveillance were not included in the time between di-
agnosis and initial treatment analysis. A categorical time 
variable was then created (> 3 months, 3–9 months, > 9 
months). Gleason scores were obtained from pathology 
reports and were separated into 3 different categories: 
low- (≤ 6), medium- (7), and high-grade cancer (8–10).

Data Analysis 
We used student t tests for continuous variables and 

Table 1. — Distributions of Select Characteristics of Study Participants by Race

Variable No. of Study 
Patients

Black  
(n = 390)

White  
(n = 445)

P value

Race, % 46.7 53.2

Age, y (mean ± SD) 63.1 ± 7.7 62.1 ± 7.5 64.0 ± 7.7 < .001

Married, % 76.2 65.6 85.6 < .001

Annual household income, $ (%) < .001

    < 25,000 5.5 11.2 0.5

    25,000–49,999 35.9 48.6 25.0

    50,000–74,999 17.1 17.1 17.0

    ≥ 75,000 41.4 23.0 57.5

Level of education, % .001

    Did not finish high school 11.0 17.6 5.2

    High school diploma/GED 24.7 34.6 16.1

    Some college/associate’s degree 23.1 22.5 23.5

    Bachelor’s degree 23.2 15.9 29.7

    Master’s/doctoral degree 17.8 9.2 25.4

Health insurance coverage, % 93.7 90.2 96.8 < .001

Gleason score, % .287

    Low-grade cancer (≤ 6) 52.2 49.6 54.6

    Medium-grade cancer (7) 40.6 43.4 38.0

    High-grade cancer (8–10) 7.2 6.9 7.4

Treatment received, % .020

    Prostatectomy 67.9 63.9 71.5

    Radiation beam 12.8 15.4 10.5

    Radiation seeds 4.8 5.6 4.0

    Hormone therapy 1.2 1.8 0.7

    Active surveillance 9.0 7.7 10.1

    Other 4.3 5.6 3.2

Time between diagnosis and treatment, 
mo (%)

< .001

    < 3 45.0 43.6 46.3

    3–9 38.0 33.6 41.8

    > 9 17.0 22.8 11.9

QOL (mean ± SD) 137.2 ± 17.7 134.4 ± 20.2 139.5 ± 14.8 < .001

Medical mistrust (mean ± SD) 2.6 ± 0.1 2.7 ± 0.3 2.4 ± 0.4 < .001

GED = general educational development, QOL = quality of life, SD = standard deviation.
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chi-square tests for categorical variables to compare 
select demographical and clinical variables by race. 
Linear regression models were specified to examine 
the association between medical mistrust and over-
all QOL as well as medical mistrust with each of the 
overall QOL subscales. Estimates of β and corre-
sponding standard error (SE) were used to present 
findings from the regression models. The model in 
Table 2 tested the association between medical mis-
trust and overall QOL among study participants, con-
trolling for age, marital status, education, income, 
Gleason score, insurance status, treatment received, 
and time between diagnosis and treatment. The as-
sociations between medical mistrust and each of the 
FACT-P subscale (respondents’ relationship with their 
physician and their physical, social, emotional, and 

functional well-being) among study participants were 
examined using linear regression analysis. 

P values less than .05 were considered to be signif-
icant. All calculations and statistical procedures were 
performed using STATA, v13.1 (StataCorp, College Sta-
tion, TX).

Results
Black men with prostate cancer tended to be younger, 
were less likely to be insured, and were less likely to 
be married compared with white men with prostate 
cancer (see Table 1). Although a higher percentage of 
black men (34.6%) had a high school or general edu-
cational development diploma compared with white 
men (16.1%), fewer black men (15.9%) had a bachelor’s 
degree compared with white men (29.7%). Significant 
differences were observed among black and white 
men with regard to treatment modality; however, pros-
tatectomy was the most common treatment among 
both black (63.9%) and white (71.5%) men. No differ-
ences were observed among black and white men with 
regard to the grade of prostate cancer, as indicated by 
Gleason scores (see Table 1). Black men with prostate 
cancer reported a higher level of medical mistrust 
(black = 2.7, white = 2.4; P < .001) and a lower overall 
QOL (black = 134.4, white = 139.5; P < .001).

The regression model found in Table 2 was de-
signed to examine the association between medical 
mistrust and overall QOL among men with prostate 
cancer. Higher levels of medical mistrust were asso-
ciated with reduced overall QOL among study par-
ticipants after controlling for age, marital status, ed-
ucation, income, Gleason score, insurance coverage 
status, treatment received, and time between diag-
nosis and treatment (β = –7.73; SE 1.54). The associa-
tions between medical mistrust and each of the over-
all QOL subscales (respondents’ relationship with 
their physician and their physical, social, emotional, 
and functional well-being) were also examined. After 
controlling for age, marital status, education, income, 
Gleason score, health insurance coverage status, 
treatment received, and time between diagnosis and 
treatment, higher levels of medical mistrust among 
study participants were associated with overall lower 
QOL levels of social well-being (β = –1.13; SE 0.35), 
functional well-being (β = –2.20; SE 0.43), emotional 
well-being (β = –0.63; SE 0.19) and diminished rela-
tionship with their physicians (β = –0.47; SE 0.11). 

Discussion 
This study provides evidence that demonstrates the 
association between medical mistrust and overall 
QOL among black and white men diagnosed with and 
treated for prostate cancer. After controlling for demo-
graphical and clinical variables, high levels of medi-
cal mistrust were associated with low levels in overall 

Table 2. — Medical Mistrust and Quality of Life in  
Study Participants

Variable β Value (SE)
Medical mistrust –7.73 (1.54)*

Black men 1.94 (1.52)

Age 0.17 (0.10)

Married –1.43 (1.71)

Annual household income > 25,000, $

    25,000–49,999 4.19 (3.36)

    50,000–74,999 6.80 (3.74)

    ≥ 75,000 9.45 (3.79)*

Education lever lower than high school

    High school diploma/GED 5.36 (2.68)*

    Some college/associate’s degree 4.05 (2.69)

    Bachelor’s degree 6.56 (2.82)*

    Master’s/doctoral degree 5.06 (2.99)

Health insurance coverage –2.99 (3.90)

Gleason scorea

    Medium-grade cancer (7) –1.09 (1.40)

    High-grade cancer (8–10) –5.50 (2.71)*

Treatment receivedb

    Radiation beam –0.53 (2.21)

    Radiation seeds –0.55 (3.55)

    Hormone therapy –7.70 (5.84)

    Active surveillance 4.57 (2.87)

    Other –5.53 (3.38)

Time between diagnosis and treatment, moc

    3–9 –1.27 (1.42)

    > 9 –4.70 (2.14)*

*P < .05. 
aLow-grade cancer (≤ 6).  
bProstatectomy.  
cLess than 3 months. 
GED = general educational development, SE = standard error. 
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QOL among men with prostate cancer. These find-
ings point to a previously unidentified opportunity 
— linked to increasing patient trust in the medical 
system — that health care professionals can explore 
in the hopes of enhancing QOL among patients with 
prostate cancer. With the incidence of prostate can-
cer diagnoses increasing, and with men living lon-
ger lives after being diagnosed with prostate cancer, 
it is imperative that health care professionals and 
researchers also focus on managing issues of QOL 
among this patient population.

Results from the current study and others have 
suggested that black men with prostate cancer are 
more likely to report higher levels of medical mistrust 
than white men.12,13 These findings may be important 
because previous work has demonstrated that medical 
mistrust is not significantly associated with failure to 
receive needed medical care; however, medical mis-
trust can serve as a barrier to optimal health.26 Higher 
levels of medical mistrust have been found to be as-
sociated with failure to take medical advice, failure to 
keep follow-up appointments, and postponement of 
receiving needed care.26 With excellent survival rates 
following treatment for prostate cancer,1 it is imperative 
that patients and their health care professionals discuss 
post-treatment QOL issues throughout the continuum 
of care and work in unison to address possible issues 
with medical mistrust. As the data in the current study 
suggest, optimal post-treatment QOL for certain men 
with prostate cancer could be hindered as a result of 
medical mistrust. 

Limitations
Some limitations are associated with this study.  
Because this study was cross-sectional and initially 
commissioned to explore treatment modality, racial 
differences in disease burden, and QOL issues after 
diagnosis and treatment, data were not obtained on 
the level of medical mistrust among these men prior 
to their diagnosis and treatment of prostate cancer. As 
a result, no determination can be made on whether 
the level of medical mistrust led to a reduction in QOL 
or whether a reduction in QOL led to an elevated level 
of medical mistrust. 

Strengths 
Several strengths are associated with this research. 
Although previously published data identified high-
er levels of medical mistrust among black men with 
prostate cancer, the results of the current study add 
insight into how medical mistrust can affect both 
black and white men with prostate cancer.12 This 
study also made use of validated measures and a 
large sample size. Doing so allowed us to incorporate 
the data of men who underwent diverse treatment 
procedures and men whose grade of disease ranged 

from low- to high-grade cancer, thereby enhancing 
the generalizability of our findings.

Conclusions
Some men with prostate cancer previously reported 
that they were willing to trade off the possibility of 
living a longer life in return for better quality of life 
(QOL).10 Interventions targeted to reduce medical mis-
trust may be an effective method in enhancing the 
QOL of men with prostate cancer. The results of this 
study indicate that higher levels of medical mistrust 
among men with prostate cancer are associated with 
lower overall QOL. Future research on the level of 
medical mistrust among patients with prostate cancer 
should focus on the consequences of medical mistrust 
among this patient population. The findings of the cur-
rent study should also serve as the impetus for future 
research on medical mistrust among men with prostate 
cancer with the goal of improving QOL. 
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Background: Squamous differentiation occurs in up to 20% of urothelial carcinoma cases and is thought to 
be an unfavorable prognostic factor. 
Methods: Data from urothelial carcinoma in patients treated with cystectomy from 2002 to 2014 at Roswell Park 
Cancer Institute were retrospectively reviewed. A 2-tier system was adopted for stage analysis. T1 and T2 disease 
were grouped in organ-confined and low-stage categories, whereas T3 and T4 disease were grouped in high-stage 
categories. The extent of squamous differentiation was semi-quantified as focal (≤ 20%) or extensive (> 20%).
Results: Squamous differentiation occurred in 19.3% (47 of 244) of cases. Urothelial carcinoma with squamous 
differentiation presented with a significantly higher rate of high-stage disease compared with pure urothelial 
carcinoma (72.3% vs 43.1%; P < .01). The nodal metastatic rate in urothelial carcinoma with extensive squamous 
differentiation was significantly higher than that seen in pure urothelial carcinoma (46.2% vs 27.0%; P = .04).
Conclusions: Urothelial carcinoma with squamous differentiation is associated with advanced tumor stage. In 
addition, urothelial carcinoma with extensive squamous differentiation presented with a significantly higher 
rate of nodal metastasis. These findings can be the contributing factors for the unfavorable clinical outcomes 
seen in patients with urothelial carcinoma and squamous differentiation.

Introduction
In the United States, an estimated 76,960 new diag-
noses and 16,390 deaths due to urothelial carcinoma 
of the urinary bladder occurred in 2016.1 The estimat-
ed 5-year survival rate of urothelial carcinoma of the 
urinary bladder is 77% — a survival rate that has not 
changed in the last 30 years.1 This fact motivated us to 
identify pathological features of urothelial carcinoma 
of the urinary bladder to be used for prognosis and to 
improve the clinical treatment of this disease.

Urothelial carcinoma is well known for its diver-
gent differentiation resulting in distinct, morphologi-
cal variants.2 Squamous differentiation, defined by the 
presence of intercellular bridges, keratinization, or both, 
is the most common variant, occurring in up to 20% of 
urothelial carcinomas of the bladder, followed by glan-
dular differentiation.3-10 Although urothelial carcinoma 

with squamous differentiation may be associated with 
poor prognosis, conflicting data have been reported re-
garding the role of squamous differentiation in unfavor-
able clinical outcomes.7,10-16 Because it is not uncommon 
for squamous differentiation to concurrently occur with 
other histological variants of urothelial carcinoma, such 
as micropapillary, glandular, and sarcomatoid differenti-
ation, studies that report on mixed urothelial carcinoma 
variants may contribute to the discrepancies.10,17,18 

In this study, our aim was to compare tumor path-
ological stage and status of pelvic lymph-node metas-
tasis between invasive urothelial carcinoma and uro-
thelial carcinoma with squamous differentiation in 
patients who underwent cystectomy.

Materials and Methods
Case Selection
A retrospective review was conducted of 353 patients 
treated with radical cystectomy from 2002 to 2014 at the 
Roswell Park Cancer Institute (Buffalo, NY). Exclusion 
criteria were: no residual urothelial carcinoma; no inva-
sive component; presence of urothelial carcinoma vari-
ants other than urothelial carcinoma with squamous 
differentiation; and urethral/upper urinary tract prima-
ry cancer. Patients who had not undergone lymph-node 
dissection were also excluded from analysis. 

Invasive urothelial carcinoma was staged and 
graded according to the American Joint Committee on 
Cancer19 and World Health Organization Classification 
of Tumours20 recommendations, respectively. Prior to 
cystectomy, each patient underwent biopsy or trans-
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urethral resection of a bladder tumor. No patients were 
given chemotherapy or radiotherapy prior to cystecto-
my. The study was approved by the Institutional Review 
Board of our institution.

The cystectomy specimens were processed using 
the standard procedure recommended by the College 
of American Pathologists.21 If the tumor stage of cys-
tectomy was different from the results of a prior biopsy 
or transurethral resection of a bladder tumor, then the 
higher stage was assigned to the patient for statistical 
analyses. 

Urothelial carcinoma with squamous differentia-
tion was defined by the presence of clear-cut intercel-
lular bridges, intracellular keratinization, or both, or 
the formation of squamous pearls in a background of 
invasive urothelial carcinoma. For cases of urothelial 
carcinoma with squamous differentiation, the slides 
were reviewed and the extent of squamous differen-
tiation was semi-quantified as focal if the element of 
squamous differentiation was equal to 20% or less of 
invasive carcinoma and was considered to be extensive 
if it was more than 20%. 

To analyze tumor stage, T1- and T2-staged tumors 
were grouped into an organ-confined, low-stage cate-
gory, whereas T3- and T4-staged tumors were grouped 
into high-stage disease. Nodal positivity (N+) was de-
fined as any lymph node with metastatic urothelial car-
cinoma (N1–3) at any tumor stage (T1–T4).

Statistical Analysis
Differences in patient age were tested using a 2-tailed 
t test. The distributions of sex, tumor stage, and nodal 
involvement were analyzed using a 2-sample Z test for 
the difference between proportions. A P value of less 
than .05 was considered to be statistically significant.

Results
Of the 353 patients who underwent radical cystectomy 
at the Roswell Park Cancer Institute, 244 had invasive 
urothelial carcinoma that fulfilled our inclusion crite-
ria, including 197 (80.7%) with “pure” urothelial car-
cinoma and 47 (19.3%) who had urothelial carcinoma 
with squamous differentiation. The clinicopathologi-
cal features of the patients with pure urothelial carci-
noma and urothelial carcinoma with squamous differ-
entiation are summarized in Table 1. 

No difference in age was observed between the 
2 groups of patients. Male sex was predominant in both 
groups. Of the 197 male patients, 163 (82.7%; male-to-
female ratio 4.8) had pure urothelial carcinoma, and 
29 of 47 male patients (61.7%; male-to-female ratio 1.6) 
had urothelial carcinoma with squamous differentia-
tion. However, the percentage of female patients (38.3%; 
18 of 47) who had urothelial carcinoma with squamous 
differentiation was significantly higher than those with 
pure urothelial carcinoma (17.3%; 34 of 197; P < .01; Fig 1). 

The percentages of the 197 patients who present-
ed with stages T1 to T4 in the pure urothelial carci-
noma group were 26.9% (53), 29.9% (59), 29.4% (58), 
and 13.7% (27). The corresponding percentages of the 
47 patients who had urothelial carcinoma with squa-
mous differentiation were 6.3% (3), 21.4% (10), 48.9% 
(23), and 23.4% (11), respectively. 

Tumor stages were further grouped into  
organ-confined disease (T1/2) and high-stage disease 
(T3/4). The percentages of patients who presented 
with high-stage disease were 72.3% (34 of 47) among 

Table 1. — Clinicopathological Features of Patients 
Evaluated for Tumor Stages

Feature Pure Urothelial 
Carcinoma

Urothelial 
Carcinoma 

With  
Squamous 

Differentiation

P 
Value

Patient, n (%) 197 (80.7) 47 (19.3)

Age, y .8000*

Mean ± SE 69.5 ± 0.8 69.7 ± 1.5

Range 40–90 45–87

Sex, n (%) .0010**

Man 163 (82.7) 29 (61.7)

Woman 34 (17.3) 18 (38.3)

Man:woman  
ratio

4.8 1.6

Stage, n (%) .0003**

Low (T1/2) 112 (56.9) 13 (27.7)

High (T3/4) 85 (43.1) 34 (72.3)

*P value was analyzed using a 2-tailed t test. 
**P values were analyzed using a 2-sample Z test for the difference 
between proportions. 
SE = standard error of mean.

Fig 1. — Women made up a significantly higher proportion of patients with 
urothelial carcinoma with squamous differentiation than pure urothelial 
carcinoma. The P value was analyzed using a 2-sample Z test for the 
difference between proportions. 

0

20

40

60

80

100

Pe
rc

en
t 

Man Woman

Pure urothelial carcinoma
Urothelial carcinoma with squamous differentiation

82.7

61.7

17.3

P  = 
.001

38.3



80  Cancer Control January 2017, Vol. 24, No. 1

those with urothelial carcinoma and squamous differ-
entiation and 43.1% (85 of 197) in patients with pure 
urothelial carcinoma (see Table 1). These data suggest 
that patients who have urothelial carcinoma with squa-
mous differentiation are more likely to present with 
extravesical (T3/4) disease and less likely to have or-
gan-confined disease than those with pure urothelial 
carcinoma (P = .003; Fig 2).

Nodal status was analyzed in 196 patients with 
pure urothelial carcinoma and 46 patients with uro-
thelial carcinoma and squamous differentiation. Four 
patients with pure urothelial carcinoma and 5 patients 
with urothelial carcinoma and squamous differen-
tiation had pericystic lymph nodes present in the sec-
tions, whereas the remaining patients underwent 
extended pelvic lymph-node dissection. 

Based on the extent of the squamous differen-
tiation, cases of urothelial carcinoma with squamous 
differentiation were further stratified into focal squa-
mous differentiation when the squamous component 
comprised no more than 20% of invasive carcinoma; 
by contrast, squamous differentiation was considered 
to be extensive when it made up more than 20% (Fig 3). 
Among the cases of urothelial carcinoma with squa-
mous differentiation, 20 with focal differentiation and 
26 with extensive differentiation were identified. 

Lymph-node involvement by tumor was seen in 
20.0% of patients (4 of 20) with urothelial carcinoma 
and focal squamous differentiation and in 46.2% of 
patients (12 of 26) with urothelial carcinoma and ex-
tensive squamous differentiation. Although no sig-
nificant difference in nodal metastasis was observed 
between the urothelial carcinoma with squamous dif-
ferentiation and the pure urothelial carcinoma groups 
(34.8% vs 27.0%), as well as between urothelial carci-
noma with focal squamous differentiation and pure 

urothelial carcinoma (20.0% vs 27.0%), the nodal 
metastatic rate in urothelial carcinoma with exten-
sive squamous differentiation was significantly higher 
compared with that seen in pure urothelial carcinoma 
(46.2% vs 27.0%; P = .04; Table 2, Fig 4).

Discussion
The incidence rate of squamous differentiation in uro-
thelial carcinoma in our patient cohort is similar to the 
rate reported in the literature (19.3% vs 21.0%).8 Prior 
studies have reported that urothelial carcinoma with 
squamous differentiation is more aggressive because 
of its resistance to radiotherapy, chemotherapy, 
and immunotherapy.4,22,23 However, other studies of 
urothelial carcinoma treated with radical cystectomy 
or transurethral resection have demonstrated that the 
adverse outcomes associated with squamous differ-

Fig 2. — Patients with squamous differentiation in urothelial carcinoma 
were more likely to present with high-stage (T3/4) tumors. The P value was 
analyzed using a 2-sample Z test for the difference between proportions. 
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entiation are present, even among patients who have 
not received radiotherapy.7,11,17 Our study revealed that 
urothelial carcinoma with squamous differentiation is 
associated with a high tumor stage and a high rate of 
pelvic nodal metastasis. These data suggest that the ag-
gressive clinical behavior of urothelial carcinoma with 
squamous differentiation may be attributed to lack of 
treatment response and to the intrinsic biological be-
havior of the tumor.

Although urothelial carcinoma with squamous 
differentiation portends a poor prognosis, it is unclear 
whether squamous differentiation is an independent 
prognostic factor.13 By multivariate analysis, some 
studies have shown that the presence of squamous 
differentiation in urothelial carcinoma has a high pro-
pensity for local recurrence or predicts a decreased 
rate of cancer-specific survival,24,25 whereas others 
have demonstrated that it has no predictive value on  
cancer-specific or recurrence-free survival and over-
all survival rates.10,14 Instead, tumor stage and nodal 
involvement are 2 independent prognostic factors by 
multivariate analysis.18,26,27 The data in the present 
study have demonstrated that, regardless of whether 
squamous differentiation is an independent predictor 
of clinical outcome, squamous differentiation is as-
sociated with a high tumor stage and nodal metasta-
sis — both of which are proven prognostic factors in 
urothelial carcinoma.28 These factors may account for 
the aggressive clinical behavior of urothelial carcinoma 
with squamous differentiation.

The extent of squamous differentiation in urothe-
lial carcinoma may vary with the extreme of urothelial 
carcinoma in situ as the only urothelial component.29 
The association of a high-grade tumor and a shorter 
disease-free period with extensive squamous differ-
entiation (defined as squamous differentiated areas 
≥ 50% neoplastic surface) in urothelial carcinoma was 
reported as early as 199230 and reiterated in 2014 by 
Mitra et al,18 who found that the presence of extensive 
squamous differentiation is associated with significant-

ly decreased rates of over-
all survival. Our findings 
support these studies, even 
though the definition used 
in the present study is differ-
ent. In this study, urothelial 
carcinoma with extensive 
squamous differentiation 
was associated with higher 
nodal positivity, whereas 
urothelial carcinoma with 
focal squamous differentia-
tion was not, indicating that 
the extent of squamous dif-
ferentiation plays an impor-
tant role in prognosis and 

could explain the conflicting multivariate analysis re-
sults of previous research.18

Taken together, the findings of the present study 
emphasize the need to detect and quantitate the com-
ponent of squamous differentiation in the setting of uro-
thelial carcinoma in specimens obtained via resection 
and then including these features in pathology reports.

Urothelial carcinoma is a male-predominant  
tumor with a male-to-female ratio of 3.3 to 1.31 Al-
though the men in the present study predominated 
both the pure urothelial carcinoma and urothelial car-
cinoma with squamous differentiation groups, the per-
centage of women with urothelial carcinoma and squa-
mous differentiation was significantly higher than the 
group with pure urothelial carcinoma (38.3% vs 17.3%; 
P = .001), suggesting that women are more likely to have 
urothelial carcinoma with squamous differentiation. 

Such a finding may explain the higher rate of mus-
cle-invasive diseases diagnosed in women than in men 
(85% vs 51%).32 We speculate that the higher rate of uro-

Fig 4. — Urothelial carcinoma with extensive squamous differentiation 
was associated with higher lymph-node positivity. P values were ana-
lyzed using a 2-sample Z test for the difference between proportions. 
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Table 2. — Urothelial Carcinoma With Extensive Squamous Differentiation Associated 
With High Lymph-Node Positivity

Nodal Status Pure Urothelial 
Carcinoma

Urothelial 
Carcinoma 

With Squamous 
Differentiation

Urothelial 
Carcinoma With 
Focal Squamous 
Differentiation

Urothelial 
Carcinoma 

With Extensive 
Squamous 

Differentiation

No. of Patients, %
N0 143 (73.0) 30 (65.2) 16 (80.0) 14 (53.8)

N+ 53 (27.0) 16 (34.8) 4 (20.0) 12 (46.2)

Total 196 (100.0) 46 (100.0) 20 (100.0) 26 (100.0)

P value — .29 .50 .04

P values were analyzed using a 2-sample Z test for the difference between proportions.
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thelial carcinoma with squamous differentiation seen 
in women is due to a high incidence rate of squamous 
metaplasia in women in general. However, Fadl-Elmula 
et al33 found that the squamous component in urothe-
lial carcinoma contains the same cytogenetic changes 
as the urothelial carcinoma component, suggesting 
that the squamous element might be derived from 
urothelial carcinoma, not from squamous metaplasia. 
Sakamoto et al29 demonstrated the absence of squamous 
metaplasia in 27 of 28 cases studied of urothelial carci-
noma with squamous differentiation, supporting the 
suggestion that squamous metaplasia in women does 
not appear to be the cause of the higher rate of inci-
dence of urothelial carcinoma with squamous differen-
tiation seen in this population. Thus, whether squamous 
metaplasia or dysplasia plays a role in the squamous 
differentiation of urothelial carcinoma is still debat-
able, and more research is needed to understand the  
sex-specific differences in squamous differentiation.

Conclusions
The data presented in this study demonstrate that uro-
thelial carcinoma with squamous differentiation is 
associated with high rates of advanced tumor stage 
and nodal metastasis. The present study also suggests 
that extensive squamous differentiation may be a 
contributing factor to the unfavorable clinical out-
comes of urothelial carcinoma.
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Summary: Endometriosis is a common gynecological disorder most often involving the pelvic region. Although 
it is rare, endometriosis occurring outside of the peritoneal cavity most commonly occurs within scars of the 
abdominal wall, but it has been reported in the lungs, pleura, kidneys, brain, and the extremities. Herein, 
we present 2 cases of endometriosis, including 1 case of endometriosis of the wrist that clinically mimicked a 
soft-tissue neoplasm and 1 case of right-groin endometriosis mimicking synovial sarcoma during the initial 
pathological interpretation of findings on fine needle aspiration. We also report on a third patient with syno-
vial sarcoma to demonstrate a diagnostic pitfall. To our knowledge, endometriosis within the skeletal muscle 
of the wrist has not been previously reported in the literature. A literature review was performed, and we 
discuss how this diagnostic pitfall may be avoided. We review the techniques for diagnosing synovial sarcoma 
and the importance of a high index of suspicion for endometriosis when investigating any soft-tissue mass in 
a female patient of reproductive age. Adequate pathological evaluation in conjunction with the correlating 
clinical and radiological information should help facilitate an accurate diagnosis.

Introduction
Endometriosis is a common, benign, non-neoplastic, 
chronic gynecological disorder characterized by the 
presence of uterine endometrial tissue outside of 
the uterine cavity that occurs in an estimated 6% to 
10% of women.1-3 Clinically, chronic lower abdominal 
menstrual-related pain, cramping, dyspareunia, and 
infertility are all classic presentations of the condition. 
Within the pelvic cavity, the ovaries are the most com-
mon site affected by endometriosis.4 Although extra-
peritoneal disease is rare, it most commonly occurs 
within scars of the abdominal wall, typically following 
cesarean delivery, or in the lungs and pleura; howev-
er, it has been reported in other locations such as the 
kidneys, brain, and the extremities.1,2,4-13 In general, a 
diagnosis of endometriosis is established after recog-
nition of clinical symptoms followed by histological 
confirmation. Characteristic microscopic features in-
clude benign endometrial glands, endometrial stromal 

tissue, and hemosiderin. Treatment for endometriosis 
may include anti-inflammatory drugs, hormone therapy, 
and surgical intervention.1-3,9

By contrast, synovial sarcoma is a rare malignant 
tumor that typically presents as a deep-seated, soft-tis-
sue mass located near a large joint. It is one of the most 
common soft-tissue tumors occurring in adolescents 
and young adults, with reported cases involving a wide 
variety of locations.14-21 Biphasic synovial sarcoma has 
both epithelioid and spindle cell components, so it may 
be high on the list of diagnostic considerations when 
endometriosis occurs in an unusual soft-tissue location 
— particularly when the tissue sample is limited. 

Herein, we report 2 cases of endometriosis that 
presented as painful soft-tissue masses in a joint mim-
icking soft-tissue neoplasms. We also report on a case 
of synovial sarcoma to demonstrate the diagnostic pit-
fall and review the diagnostic techniques available for 
confirming synovial sarcoma.

Case Reports
Case 1
A 23-year-old woman presented with intermittent 
pain and swelling of her right wrist that she had had 
for nearly 3 years following a mild injury. Physical ex-
amination was performed, the results of which showed 
swelling and tenderness of her wrist without any def-
inite mass. She was diagnosed with wrist sprain and 
treated by a hand surgeon with nonsteroidal anti-in-
flammatory drugs and local steroid injections. Her pain 
was not adequately controlled with these therapeutic 
techniques and eventually was noted to be cyclical and 
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associated with her menstrual cycle. 
Magnetic resonance imaging (MRI) was ob-

tained, and the findings showed a multiloculated 
mass 2 × 1.5 × 1.5 cm in size on the volar side of the 
ulnar head with mixed signal intensity on T1-weighted 
imaging. The mass contained several areas of hyperin-
tensity presumed to be due to hemorrhage (Fig 1). The 
differential diagnosis included tenosynovial giant cell 
tumor and endometriosis. However, the patient did not 
have a history of endometriosis, and findings on trans-
vaginal ultrasonography did not reveal any additional 
abnormality of the uterus, abdomen, or pelvis.

The patient underwent exploratory surgery that 
revealed an unencapsulated mass with indistinct 
borders infiltrating into the distal radial ulnar joint. 
Sectioning of the mass after removal revealed tan 
to red-brown cut surfaces with scattered focal areas 
of hemorrhage (Fig 2). Subsequent histopathologi-
cal evaluation of the specimen was consistent with 
endometriosis, with endometrial glands within the 
connective tissue of the wrist (Fig 3). Immunohisto-
chemical studies for CD10, estrogen receptor, and 
progesterone receptor were performed and were im-
munoreactive in the appropriate cells, thus support-

ing the diagnosis (Fig 4). 
Postoperatively, her range of motion improved, 

her local, intermittent pain resolved, and no additional 
sites of endometriosis have been discovered to date.

Case 2
A 40-year-old woman presented with a small subcu-
taneous mass in her right groin that was gradually 

Fig 1. — Magnetic resonance imaging of the wrist showing a multilocu-
lated mass on the volar aspect of the ulnar head.

Fig 4. — Immunohistochemical expression of estrogen receptors 
by the endometrial glands and stromal cells (original magnification, 
× 200). 

Fig 3. — Histological specimen of the wrist mass showing endometrial 
glands and stroma within the connective tissue (hematoxylin and eosin 
stain; original magnification, × 200).

Fig 2. — Intraoperative photograph of the multiloculated, hemorrhagic 
wrist mass.
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increasing in size and associated with abdominal dis-
comfort. She reported that she noticed the lesion 
2 years prior her presentation. 

Findings on physical examination were unre-
markable, except for the palpable, soft, mobile mass 
in her right groin. Findings on MRI revealed a poor-
ly circumscribed, enhancing soft-tissue mass in the 
right inguinal region that was contiguous with the 
right rectus sheath (Fig 5). The mass was approxi-
mately 2.3 × 1.7 cm on the axial section. Stranding 
was seen in the subcutaneous fat superficial to this 
mass with slight thickening of the overlying cutane-
ous tissue. A mesenchymal neoplasm was initially 
considered, and the patient was referred to a cancer 
center for diagnosis and treatment. 

Ultrasonographic-guided fine needle aspiration 
(FNA) was performed, and cytological evaluation re-
vealed a biphasic lesion with glandular and spindle 
cell components (Fig 6). The differential diagnosis in-
cluded synovial sarcoma, well-differentiated metastatic 
adenocarcinoma with desmoplastic stroma, and a pri-
mary adnexal skin tumor.

Immunohistochemistry showed cells from the 
lesion positive for CD10, CD68, and vimentin. The 
SS18/SSX1 or SS18/SSX2 fusion transcripts were not 
detected by reverse transcriptase–DNA amplification. 
Re-examination of the cellblock revealed occasional 
hemosiderin and cytological features that were over-
all the most consistent with endometriosis. 

Upon questioning, the patient revealed a known 
history of endometriosis. The mass was excised with 
nearby fascia due to its deep infiltration into the sub-
cutaneous tissue, and the final pathological evaluation 
confirmed endometriosis (Fig 7).

Case 3
A 66-year-old woman presented with a 5.1-cm size, 
space-occupying medial mass on her left midthigh. 
MRI findings showed evidence of hemorrhage 
within the tumor (Fig 8). The differential diagnostic 
considerations included soft-tissue sarcoma, meta-
static disease, and hematoma. Findings on biopsy 
revealed a predominantly glandular tumor with a 
focal spindle cell component and few scattered cal-

Fig 5. — Findings on magnetic resonance imaging show the endome-
trial tissue (orange arrow) appearing as soft-tissue outgrowth from the 
muscles and fascia of the right groin.

Fig 6. — Specimen from fine needle aspiration reveals fragments of 
glandular tissue with no significant nuclear atypia (hematoxylin and 
eosin stain of the cellblock; original magnification, × 400).

Fig 7. — Right groin excision specimen showing benign endometrial 
glands and surrounding endometrial stroma consistent with endome-
triosis (hematoxylin and eosin stain; original magnification, × 200).

Fig 8A–B. — Magnetic resonance imaging of the (A) coronal and 
(B) axial section of the deep-seated, left medial thigh mass.
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cifications (Fig 9). Both the glandular and the spindle 
cell components exhibited nuclear atypia, including 
hyperchromasia, and high nuclear-to-cytoplasmic 
ratios with no intracytoplasmic mucin. 

Immunohistochemical studies showed the tumor 
cells positive for AE1/AE3/CAM5.2 and KRT7 (CK7) 
but negative for KRT20 (CK20), S100, TTF1, and 
CDX2. Due to her previous history of invasive ductal 
carcinoma, immunohistochemical markers for breast 
origin, including GATA3, mammaglobin, estrogen re-
ceptor, progesterone receptor, and ERBB2, were also 
performed and were negative. An additional immu-
nohistochemical study for cancer-testis antigen (NY-
ESO-1) showed a strong and diffusely positive im-
munoreactivity, further supporting the diagnosis of 
synovial sarcoma (see Fig 9). The overall clinical pre-
sentation — in combination with the histological fea-
tures — was most compatible with synovial sarcoma. 

Molecular studies revealed the SS18/SSX1 fusion 
transcript by reverse transcriptase–DNA amplifica-
tion, thereby confirming the diagnosis of synovial 
sarcoma. 

Radical resection was performed, and the patient 
was diagnosed with biphasic synovial sarcoma.

Discussion
Although it is common within the pelvic peritoneum, 
ovaries, and the rectovaginal septum, endometriosis 
rarely occurs outside these locations.1-3 Scars of the ab-
dominal wall — in particular, those following cesarean 
delivery — and the lungs and pleura are the most com-
mon extra-abdominal sites involved, followed by the 
inguinal region or thigh.4,7,9,10,22-24

Proposed theories for the cause and mechanisms 
of endometriosis include ectopic transplant due to ret-
rograde menstruation, dissemination by lymphatic or 
vascular flow, and transformation of intestinal metapla-
sia.1 Retrograde menstruation is a widely accepted the-
ory by Sampson25 that accounts for most of the origin 
of peritoneal — and possibly rectovaginal — disease.25 
Coelomic metaplasia is another recognized theory.25 In 
addition, various modes of inheritance in combination 
with interactions between specific inherited genes and 
environmental factors have been proposed.2

When endometriosis occurs in its classical, cyclical 
presentation in a female of reproductive age within the 
pelvic cavity, the diagnosis is straightforward. How-
ever, the patients described in the present report each 
presented with an infiltrative soft-tissue mass, one in 
the wrist and the other in the right groin. Without any 
knowledge of a prior history of endometriosis, and 
with limited tissue sampling, these lesions could be 
mistaken for soft-tissue neoplasms, possibly resulting 
in unnecessary aggressive management.

Microscopically, endometriosis is composed of 
endometrial-type glands that may be mitotically active 
and admixed with endometrial stroma, fresh hemor-
rhage, and hemosiderin. The glands may display meta-
plastic and hyperplastic changes, as can be seen in the 
endometrium. Prominent chronic inflammation within 
small vessels and reactive fibroblasts may also be pres-
ent.24 When a limited specimen is obtained via biopsy, 
some diagnostic features may not be seen; thus, the 
histological features may be confused with other tu-
mors, such as synovial sarcoma, metastatic, well-dif-
ferentiated adenocarcinoma, and cutaneous adnexal 
neoplasms (eg, apocrine tubular adenoma, syringoma, 
microcystic adnexal carcinoma, mixed tumors). En-
dometriosis may also present with pseudoinfiltrative 
growth into normal tissue, which may be misinterpret-
ed as an invasive and malignant process. In such cases, 
recognizing the presence of endometrial stroma asso-
ciated with the glands could help the clinician reach 
the correct diagnosis of endometriosis.

Cases of endometriosis mimicking synovial sar-
coma have been previously described, but they are 
rare.4,5,9 This clinical scenario is challenging when en-
dometriosis presents in an uncommon location and 

Fig 9 A–B. — (A) Specimen obtained via core needle biopsy of the 
thigh mass showing crowded proliferation of predominantly glan-
dular and spindled cells exhibiting hyperchromatic nuclei and a high  
nuclear-to-cytoplasmic ratio (hematoxylin and eosin stain; original mag-
nification, × 200). (B) Immunohistochemical stain for the cancer-testis 
antigen (NY-ESO-1) showing a strong, diffuse staining pattern (original 
magnification, × 200), supporting the diagnosis of synovial sarcoma.
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when the tissue sample is limited, because both dis-
eases have epithelial and spindle cell components. The 
epithelial component of synovial sarcoma is arranged 
in glands or cords and nests, and glandular lumina may 
contain mucin, simulating endometrial glands.4,7,9,11 The 
spindle cells observed in cases of synovial sarcoma 
have hyperchromatic nuclei with scant cytoplasm and 
an increased nuclear-to-cytoplasmic ratio, whereas en-
dometrial stromal cells should lack atypical nuclear fea-
tures and have paler staining nuclei.

When synovial sarcoma is considered, results 
from immunohistochemical markers and molecular 
studies will usually help support the correct diagnosis. 
The epithelioid portion of synovial sarcoma, if pres-
ent, is characteristically immunoreactive for cytokera-
tins, ETFA (EMA), carcinoembryonic antigen, BCL2, 
and TLE1, but negative for CD34, smooth muscle and 
skeletal muscle markers, WT1, and FLI1.26-29 Normal 
synovial tissue will be negative for cytokeratin mark-
ers. Typically, the spindle cell component of synovial 
sarcoma is positive for vimentin. Confirmation of sy-
novial sarcoma is accomplished by testing for the 
characteristic translocation t(X;18)(p11.2;q11) via poly-
merase chain reaction to detect either the SS18/SSX1 or  
SS18/SSX2 fusion transcript.27,28

A promising development for synovial sarcoma 
is the potential to target the cancer-testis antigen 
(NY-ESO-1) autologous T cells transduced with a 
T-cell receptor against NY-ESO-1. Certain immunohis-
tochemical studies detect NY-ESO-1 in a strong, diffuse 
pattern in as many as 80% of synovial sarcomas.30,31 
Furthermore, studies have shown that NY-ESO-1 was 
either rarely or weakly positive in a variety of other 
mesenchymal tumors (eg, gastrointestinal stromal tu-
mor, malignant peripheral nerve sheath tumor, der-
matofibrosarcoma protuberans, leiomyosarcoma, 
solitary fibrous tumor, cellular schwannoma), making 
it a potentially useful immunohistochemical mark-
er for distinguishing synovial sarcoma from other  
soft-tissue tumors.30,32

Another potential target for synovial sarcoma is 
the enhancer of zeste homolog 2 (EZH2). Dysregula-
tion of EZH2 is associated with a poor prognosis in 
a variety of tumor types and is highly expressed by 
poorly differentiated synovial sarcoma.33 In vitro study 
results have suggested a potential role for targeting 
EZH2-mediated methylation of H3K27 in the treatment 
of synovial sarcoma.33

Conclusions
Endometriosis mimicking a soft-tissue tumor, such as 
synovial sarcoma, remains a rare and under-recognized 
diagnostic pitfall.4,9,24 To our knowledge, endometriosis 
within the skeletal muscle of a distal extremity, espe-
cially within the wrist, has not been previously report-
ed. Both of our cases of true endometriosis presented 

in an orthopedic setting due to location near a joint and 
were clinically misleading, and each were suspicious for 
soft-tissue neoplasms. Thus, this report highlights the 
importance of having a high index of suspicion for en-
dometriosis when investigating an infiltrative soft-tissue 
mass in any female patient of reproductive age, espe-
cially when the mass is painful and associated with the 
menstrual cycle.4,5,9,24 Clinicians should also be aware of 
the ancillary techniques available for synovial sarcoma, 
such as immunohistochemistry for cancer-testis antigen 
(NY-ESO-1), because the results of such testing may also 
support the diagnosis and provide useful information 
for targeted therapy. Careful attention to detail during 
the pathological examination of biopsy specimens ob-
tained from limited tissue and correlating those results 
with clinical and radiological information should help 
the clinician make an accurate diagnosis.
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Summary: Few data exist on the prognostic and predictive impact of erb-b2 receptor tyrosine kinase 4 (ERBB4) 
in ovarian cancer. Thus, we evaluated ERBB4 expression by immunohistochemistry in a tumor microarray 
consisting of 100 ovarian serous carcinoma specimens (50 complete responses [CRs] and 50 incomplete responses 
[IRs] to platinum-based therapy), 51 normal tissue controls, and 16 ovarian cancer cell lines. H scores were 
used to evaluate expression and were semiquantitatively classified into low, intermediate, and high categories. 
Category frequencies were compared between tumor specimens vs controls using an unpaired t test. Among 
tumors, category frequencies were compared between CR and IR to chemotherapy. Overall survival (OS) was 
stratified by category. In total, 74 ovarian serous carcinoma samples (32 CRs and 42 IRs), 28 normal controls, 
and 16 ovarian cancer cell lines were evaluable. High-level ERBB4 expression was observed at a significantly 
higher frequency in ovarian serous carcinoma compared with normal control tissue. Among tumor specimens, 
ERBB4 expression was significantly higher for those with an IR to chemotherapy compared with CR (P = .033). OS 
was inversely correlated with ERBB4 expression levels. Median rates of OS were 18, 22, and 58 months among 
high-, intermediate-, and low-expression tumors, respectively. Our results indicate that ERBB4 expression by 
immunohistochemistry may correlate with chemotherapy-resistant ovarian serous carcinoma and shortened OS.

Introduction
Ovarian cancer is the fifth most common cause of 
cancer-related death in American women.1 Approxi-
mately 220,000 women develop epithelial ovarian 
cancer worldwide every year.2 In 2016, an estimated  
22,280 women living in the United States were diag-
nosed with the disease, and 14,240 of US women were 
expected to die of the disease that same year.1 More 
than 90% of ovarian malignancies are of epithelial or-
igin, and ovarian serous carcinoma is the most com-
mon subtype, representing nearly 40% of all epithelial 
ovarian cancers.3,4 Approximately 65% of patients with 
ovarian cancer present with an advanced stage of dis-
ease at diagnosis.5 Standard first-line treatment of peri-
toneal disease is surgical cytoreduction combined with 
platinum-based chemotherapy. Although several new 

and promising agents have been investigated in recent 
years, platinum-based cytotoxic chemotherapy (sys-
temic or intraperitoneal) remains the standard initial 
approach to advanced and recurrent ovarian cancer.6 
Individuals with a poor prognosis include those whose 
disease progresses on platinum-based treatment (plati-
num refractory) or disease that persists or recurs with-
in 6 months of treatment (platinum-resistant disease).

In the last decade, several studies have explored 
possible molecular pathways involved in platinum 
resistance, including the epidermal growth factor re-
ceptor (EGFR) family, which has 4 members7: ERBB1 
(formerly known as HER1/EGFR), ERBB2 (formerly 
known as HER2/neu), ERBB3 (formerly known as 
HER3), and ERBB4 (formerly known as HER4). Al-
though ERBB1 and ERBB2 have been studied in vari-
ous cancers, less is known about the cancer biology of 
ERBB3 and ERBB4.8 All EGFR family members, includ-
ing ERBB4, have a heavily glycosylated ecto domain 
that contains a ligand-binding site, a single transmem-
brane domain, an intracellular protein–tyrosine kinase 
catalytic domain, and a tyrosine-containing cytoplas-
mic tail.9 ERRB4 forms homodimers or heterodimers 
with the other ERBB members to activate signaling 
via multiple second messengers, which mediate its fi-
nal biological effects.10 Four different ERBB4 isoforms 
derived from alternative splicing of ERBB4 messen-
ger RNA — JM-a/CYT-1, JM-a-CYT-2, JM-b/CYT-1, and 
JM-b/CYT-2 — have been reported in the literature.11,12
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Unlike other members of the EGFR family, activat-
ed erb-b2 receptor tyrosine kinase 4 (ERBB4) under-
goes proteolytic cleavage at the cell surface to release 
a soluble intracellular domain (4ICD). Once released 
from the plasma membrane, 4ICD can localize to cy-
tosol or nucleus.13 ERBB4 isoforms activate or inhibit 
downstream molecular pathways, which can have dif-
ferent or opposing roles in developing resistance to 
chemotherapeutic agents. ERBB4 mediates proapop-
totic signaling to trigger cell death and also promotes 
the up- or down-regulation of diverse genes required 
for cells to survive under stress.14,15 In certain tissues, 
it appears to exert a suppressive role on tumor devel-
opment by activating genes that promote cellular dif-
ferentiation and inhibit proliferation. By contrast, 
mutations of ERBB4 have also been associated with 
multiple cancer types.16,17 

Therefore, to identify a possible role of ERBB4 in 
the development of platinum resistance, we sought to 
study ERBB4 expression by immunohistochemistry in 
clinical samples obtained from patients with complete 
response (CR) and incomplete response (IR) to plati-
num-based chemotherapy and ovarian cancer cell lines.

Materials and Methods
Study Design
After approval from the Institutional Review Board at 
the H. Lee Moffitt Cancer Center & Research Institute 
(Tampa, FL), ERBB4 expression levels by immuno-
histochemistry were evaluated in a tissue microarray 
consisting of samples from 100 ovarian serous carci-
noma specimens (50 cases of CR and 50 cases of IR to 
platinum-based chemotherapy), 51 tissue samples from 
normal, non-neoplastic ovarian and fallopian tube con-
trol specimens, and 16 ovarian cancer cell lines. 

Evaluation of ERBB4 expression was performed 
by light microscopy and digital imaging. The paired 
results from each sample were compared by Pearson 
correlation tests. Clinical data were extracted from 
medical records, including patient age at diagnosis, re-
sponse to chemotherapy, disease-specific survival rate, 
and pathological tumor, node, and metastasis stage. 

CR to primary therapy was defined as the normal-
ization of cancer antigen 125 level following treatment, 
the absence of disease on computed tomography, or 
the absence of disease on second-look surgery. An IR 
to primary therapy was defined as disease demonstrat-
ing partial response to therapy, stable disease, disease 
progression during treatment, or positive findings on 
second-look surgery. 

Cell Lines
Ovarian cancer cell lines were obtained from various 
sources, including the American Type Culture Collec-
tion (Manassas, VA), the European Collection of Cell 
Cultures (Salisbury, England), Kyoto University (Kyoto, 

Japan), the University of South Florida (Tampa, FL), or 
Duke University (Durham, NC). Cell lines were main-
tained in RPMI-1640 medium (Thermo Fisher Scientific, 
Carlsbad, CA) supplemented with 10% fetal bovine 
serum, 1% sodium pyruvate, 1% penicillin/streptomycin, 
and 1% nonessential amino acids. Cells were genotyped 
by short-tandem repeat profiling to confirm the tissue of 
origin and mycoplasma testing was performed every 
6 months, in accordance with manufacturer protocol.

Cell Viability Assays
Drug activity was evaluated using high-throughput cell 
viability assays. A total of 2.5 × 103 cells/well were plat-
ed in 384 well plates using complete media with 10% 
fetal bovine serum and allowed to adhere overnight. 
After cell adherence, an increasing concentration of 
cisplatin or carboplatin was added to appropriate wells 
using an automated pipetting station. Four replicate 
wells were used for each drug concentration and ve-
hicle controls. Initially, drug dilutions consisted of 
1.5-fold serial dilutions for a maximum concentration 
of 100 µM. The cells were incubated with both drugs 
for 72 hours and 5 µL CellTiter-Blue reagent (Promega, 
Madison, WI) was added to each well. Fluorescence 
was read at 579 nm Ex/584 nm Em using a microplate 
reader (Synergy 4, Bio-Tek Instruments, Winooski, 
VT). Inhibitory concentrations of half maximal inhibi-
tory concentration (IC50) were determined using a 
sigmoidal equilibrium model fit (XLfit 5.2, ID Busi-
ness Solutions, Alameda, CA). The IC50 was defined 
as the concentration of drug required for a 50% reduc-
tion in growth/viability. IC50 levels of each cell line are 
summarized in Table 1.

Immunohistochemistry
Immunostaining for ERBB4 was performed using a 
Ventana Discovery XT Automated System (Ventana 
Medical Systems, Tucson, AZ). Briefly, slides were de-
paraffinized on the automated system with a prepara-
tory solution. A heat-induced antigen retrieval method 
was used in cell conditioning 1. A mouse monoclonal 
antibody that reacts to ERBB4, NB100-2662 (Novus, 
Littleton, CO), was used at a 1:25 concentration in 
Antibody Diluent (Dako, Carpenteria, CA) and incubat-
ed for 60 minutes. The Ventana OmniMap Anti-Mouse 
Secondary Antibody (Ventana Medical Systems) was 
incubated for 16 minutes and detected using a Chro-
moMap kit (Ventana Medical Systems). Slides were 
then counterstained with hematoxylin and eosin.

Immunohistochemistry Scoring by Light Microscopy
Samples were considered positive for ERBB4 expres-
sion if nuclear, cytoplasmic, or membranous reactivity 
of any intensity was observed. Levels of ERBB4 expres-
sion were scored utilizing a modified H score, wherein a 
manual assessment of intensity of staining (0 = no stain, 
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1+ = weak stain, 2+ = moderate stain, 3+ = strong stain) 
and percentage of positive cells (0%–100%) were tak-
en into account to yield a composite expression score 
of 0 to 300. Expression scores were classified into low 
(0–100), intermediate (101–200), and high (201–300) cat-
egories. The samples were then independently reviewed 
and a final concordant decision was made for the dis-
crepant interpretations.

Digital Microscopy
ERBB4-stained tissue microarray slides were scanned 
using an Aperio AT Turbo whole-slide scanner (Leica 

Biosystems, Nussloch, Germany) at ×20 magnification 
with 0.5 numerical aperture. Images were stored in an 
Aperio eSlide Manager database system (Leica Biosys-
tems). The tissue microarray laboratory module of the 
database software was used to extract individual core 
images from the whole-slide images, and each core was 
labeled with the appropriate core identification number 
generated by the Tissue Core at Moffitt Cancer Center. 

Each tissue microarray core image was analyzed 
using version 9 of the Aperio Positive Pixel Count al-
gorithm (Leica Biosystems) at default settings to deter-
mine the extent of ERBB4 staining. The algorithm bins 
pixels into 4 categories (0, 1+, 2+, and 3+) based on the ex-
tent of diaminobenzidine staining. This result was used 
to calculate the H score ([3 × percentage of 3+ pixels] + 
[2 × percentage of 2+ pixels] + [1 × percentage of 1+ pixels]) 
for each individual core. 

Each core image was visually checked to deter-
mine if the core was missing or damaged. Data from 
missing or damaged cores were not considered in the 
final result.

Statistical Analyses
An unpaired t test was performed to detect the differ-
ence of ERBB4 expression among tumor tissue, control 
tissue, and ovarian cancer cell line samples. Separately, 
ERBB4 expression in CR, IR, and disease stage was 
compared using unpaired t tests. Chi-square tests were 
performed on low (0–100), intermediate (101–200), and 
high (201–300) ERBB4 expression for tumor and control 
tissues as well as the CR and IR samples. Multivariate 
survival analyses using a Cox proportional model and 
log-rank tests were performed on ERBB4, disease stage, 
and platinum response to determine whether ERBB4 in-
dependently affects rates of overall survival (OS). 

Software R v3.2.2 (R Foundation for Statistical 
Computing, Vienna, Austria) and GraphPad (GraphPad 
Software, La Jolla, CA) were used for the data analyses. 
In addition, results obtained from digital microscopy 
were compared with the H scores given by the patholo-
gist using Pearson correlation tests.

Statistical significance was defined as a P value of 
less than .05.

Results
In total, 74 ovarian serous carcinoma specimens (33 CRs 
and 41 IRs), 30 normal tissue specimens, and 16 ovarian 
cancer cell lines were evaluable. Specimens that showed 
nonspecific staining, fixation artifacts, or loss of materi-
al in deeper levels after processing were considered not 
evaluable. The mean age of study patients was 61 years. 

ERBB4 expression was not correlated with age 
when the cut-off was set at 65 years. The pathological 
stage was documented in 62 cases. In total, 46 of 
62 cases had stage III disease at the time of diagnosis 
and 16 cases had stage IV disease. The mean rates of 

Table 1. — Results of the Cell Viability Assays

Treatment Time 1, h Cell Line Average 
of IC50, 

E-6

SD of 
IC50,  
E-6

Carboplatin 72 A2780S 20.7 23.5

HeyA8 295.9 94.0

IGR-OV1 60.8 45.2

M41 43.3 37.0

M41CSR 48.2 26.2

OVCA420 165.8 33.0

OVCA432 63.1 11.7

OVCA433 270.2 137.6

OVCAR5 89.0 25.0

OVCAR8 60.7 10.6

PEO1 22.9 16.9

TOV-21G 38.6 25.3

TYK-nu 9.7 4.8

TYKnuCisR 63.7 52.8

Cisplatin 72 A2780S 4.7 6.7

HeyA8 33.1 45.0

IGR-OV1 5.7 8.6

M41 16.8 5.8

M41CSR 13.5 7.1

OVCA420 13.7 NA

OVCA432 1.4 NA

OVCA433 8.8 NA

OVCAR5 12.7 12.7

OVCAR8 48.1 62.5

PEO1 2.7 1.7

TOV-21G 23.1 26.7

TYK-nu 4.8 546.9a

TYKnuCisR 17.7 11.4
aE-9. 
IC50 = half maximal inhibitory concentration, NA = not applicable,  
SD = standard deviation.
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ERBB4 expression were 199.5 for stage IV disease and 
170.9 for stage III disease. Although the difference was 
apparent (P = .08), it did not reach significance. Most 
cases were high-grade ovarian serous carcinoma (n = 71); 
few were low-grade cancers (n = 3).

ERBB4 expression was predomi-
nantly observed in the cytoplasm of tu-
mor cells, and it was membranous and 
cytoplasmic in the ovarian cancer cell 
lines. Statistical analyses were not per-
formed in the ovarian cancer cell lines 
due to their small sample size (n = 16). 
The mean scores of ERBB4 were signif-
icantly different for tumor tissue com-
pared with control tissue compared 
with ovarian cancer cell lines. 

The highest level of expression 
occurred in the ovarian cancer cell 
lines (P < .001; Fig 1). Expression at 
H score levels of 100 or higher was 
observed in 81% of cancer specimens. 
Expression of ERBB4 was signifi-
cantly increased in the ovarian serous 
carcinoma specimens compared with 
control tissue. High-level ERBB4 ex-
pression (201–300) was observed 
in 37% of ovarian serous carcinoma 
specimens compared with 10% of 
control tissue (P = .013). Low-level 
expression (0–100) was observed in 
53% of control tissue compared with 
19% of tumor specimens (P = .001). 

Mean ERBB4 expression levels were 91.43, 173.64, and 
227.19 for low-, intermediate-, and high-level expres-
sion groups, respectively (Fig 2). 

Expression of ERBB4 was inversely correlated 

Fig 1. — Mean level of ERBB4 expression in normal controls, tumor tissue, and ovarian can-
cer cell lines. Analysis of variance was statistically significant (P < .001). The mean scores of 
ERBB4 are significantly different for tumors vs controls vs cell lines, with cell lines greater than 
tumors and greater than controls. 
CI = confidence interval, ERBB4 = erb-b2 receptor tyrosine kinase 4, SE = standard error.
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Fig 2A–H. — ERBB4 expression by immunohistochemistry. Shown are (A) rare membranous, (B) nuclear staining, (C–G) increasing H scores from less 
than 50 to 300 for particular fields, and (H) ERBB4 staining in cells lines.
ERBB4 = erb-b2 receptor tyrosine kinase 4.
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with sensitivity to chemotherapy (P = .033; Fig 3). 
Within the ovarian serous carcinoma cohort, high 
levels of ERBB4 expression were observed in 21% of  
CR specimens compared with 49% of IR specimens. 
Low levels of ERBB4 expression were observed 
in 27% of CR specimens and 12% of IR specimens  
(P = .178; Table 2). 

In multivariate analysis using a Cox proportional 
hazard model when therapeutic response, disease 
stage, and ERBB4 expression were used as param-
eters, a significant difference in OS was observed be-
tween high and low levels of ERBB4 expression 
(P = .009) and intermediate and low levels of ERBB4 
expression (P = .039). The difference was also ob-
served when ERBB4 was used as a continuous vari-
able (P = .071), although it did not reach statistical 
significance.

Among ovarian serous carcinoma specimens, 
OS was inversely correlated with ERBB4 expres-
sion levels. Median rates of OS were observed to be 
18 months (95% confidence interval [CI]: 12–23) for 
high-level expressing tumors, 22 months (95% CI: 
16–14) for intermediate-level expressing tumors, 

and 58 months (95% CI: 30–100) for low-level ex-
pressing tumors. Log-rank tests were performed in 
3 different settings, including ERBB4 expression vs 
OS, CR vs OS, and ERBB4 expression and CR vs OS. 
When ERBB4 expression was used as a categorical 
variable, OS was significantly different for the high-
level group (H score: 200–300) compared with the  
low-level group (H score: 0–100) in univariate analy-
sis (P = .020; Fig 4). However, a significant OS differ-
ence was observed in log-rank analyses among the 
CR group without ERBB4 expression. In addition, 
no survival difference was observed among low- and 
high-level ERBB4-expressing tumors within the CR 
and IR groups. 

H scores obtained by light microscopy were cor-
related with that of analytic microscopy. By digital mi-
croscopy, the mean score of ERBB4 was significantly 
higher in the IR group (190.6) compared with the CR 
group (161.5; P = .033). The IR group had significantly 
worse rates of OS compared with the CR group when 
ERBB4 expression was used as either a categorical or 
continuous variable in the multivariate survival analy-
sis using a Cox proportional hazard model.

Fig 3. — Using an unpaired t test with Welch correction, ERBB4 expres-
sion was higher patients with an IR than CR to platinum-based therapy 
(P = .033).
CR = complete response, ERBB4 = erb-b2 receptor tyrosine kinase 4,  
IR = incomplete response.
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Fig 4. — Log-rank test results illustrating ERBB4 expression and OS. 
Probability values were as follows: all 3 levels, P = .020; low vs in-
termediate, P = .080; low vs high, P = .004; and intermediate vs high, 
P = .201. 
ERBB4 = erb-b2 receptor tyrosine kinase 4, OS = overall survival.
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Table 2. — Multivariate Survival Analysis Using a Cox Proportional Hazard Model

Variable Coefficient HR SE 
(Coefficient)

Lower  
95%

Upper  
95%

Z score P value

IR 2.4029 11.0550 0.4299 4.7604 25.673 5.590 2.27 E-08

Stage IV 0.3268 1.3865 0.3092 0.7563 2.542 1.057 .2906

ERBB4

     101–200 0.8516 2.3434 0.4127 1.0436 5.262 2.063 .0390

     201–300 1.0985 2.9995 0.4230 1.3091 6.873 2.597 .0094

When treating ERBB4 as a categorical variable (0–100, 101–200, or 201–300), its presence significantly affected OS. 
ERBB4 = erb-b2 receptor tyrosine kinase 4, HR = hazard ratio, IR = incomplete response, OS = overall survival, SE = standard error.
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Discussion
The role of ERBB4 in cancer biology is controver-
sial.18-21 An explanation for conflicting observations 
may be that different isoforms and the subcellular 
localizations of ERBB4 differ in function. Analyzing 
functionally dissimilar isoforms can complicate the 
cancer biology of ERBB4.14,22 ERBB4 expression was 
observed to be an adverse prognostic factor in some 
studies but a favorable factor in others, even when 
studying the same tumor type.18,23,24 In addition, 
some researchers have not distinguished between the 
membranous, cytoplasmic, and nuclear expression of 
ERBB4 in evaluating clinical outcomes.25 In the pres-
ent study, ERBB4 expression was predominantly lo-
calized to the cytoplasm in all ovarian serous carci-
noma samples. Observed nuclear positivity within the 
tumor tissue was rare. Therefore, we did not evaluate 
ERBB4 expression in separate compartments of the 
tumor cells. All H scores represent cytoplasmic stain-
ing in clinical samples.

In vitro data describing the role of ERBB4 in the 
regulation of ovarian cancer cell growth is also con-
tradictory, because both growth-promoting and  
growth-suppressing activities have been reported.26,27 
The role of ERBB4 was analyzed in the development 
of chemoresistance in ovarian and other cancer cell 
lines, and reportedly high levels of ERBB4 expression 
were associated with cisplatin resistance within ovar-
ian cancer cell lines.25 In addition, the insertion and 
overexpression of 4ICD has been shown to suppress 
the cell cycle and proliferation in neuroblastoma cell 
lines.28 ERBB4 functioned as a cell-cycle suppressor, 
maintaining resistance to cellular stress, including che-
motherapeutic agents. All ovarian cancer cell lines in 
our cohort showed the highest level of ERBB4 expres-
sion, which is comparable with the literature.25 How-
ever, different drug inhibitory levels (IC50 levels) and 
the absence of an in vivo tumor microenvironment are 
limitations faced when comparing results from ovarian 
cancer cell lines and clinical samples.

In prior studies, overexpression of ERBB4 was 
documented in ovarian cancer without any clear clini-
cal associations.25,29 In 1 study, approximately 90% of 
ovarian cancers — predominantly of the serous sub-
type — expressed ERBB4.30 In our cohort, all clinical 
ovarian serous carcinoma samples except 1 expressed 
ERBB4 in varying H scores. We also observed a sig-
nificant difference in ERBB4 expression between con-
trol tissue and ovarian serous carcinoma cases. In all 
clinical samples, ERBB4 expression was significantly 
higher in the IR group compared with the CR group. 
Expression of ERBB4 was inversely correlated to re-
sponse to therapy. Our results can be disputed due to 
semiquantitative and subjective classifications of scor-
ing. However, H scores obtained by light microscopy 
were supported by our analytical microscopy findings. 

ERBB4 expression was also higher in tumor samples 
compared with normal control tissue and in IR vs 
CR samples by analytic microscopy.

High ERBB4 expression was also correlated with 
a low mitosis/karyorrhexis index, which is an indi-
cator of mitosis activity, and also in clinical high-risk 
groups, metastasis, and poor rates of survival.31 These 
results may lead some to conclude that tumors grow-
ing more slowly are more difficult to treat and ERBB4 
overexpression may reduce proliferation, thus render-
ing a refractory phenotype. It may also be the explana-
tion for the high level of ERBB4 expression observed 
in our tumor samples obtained from patients with IR to 
therapy. Among ovarian serous carcinoma specimens, 
OS was inversely correlated with ERBB4 expression 
levels when ERBB4 was used as a categorical variable. 
Analytic microscopy results were also concordant with 
results seen on light microscopy. The IR group had 
significantly worse rates of OS compared with the 
CR group when ERBB4 expression was used as either 
a categorical or continuous variable in the multivariate 
survival analysis. 

To our knowledge, this is the first report in the 
literature showing the relationship between platinum 
resistance and ERBB4 expression in patients with ovar-
ian serous carcinoma and adverse prognoses.

It is possible that the difference observed in the 
survival rates between the CR and IR groups is in-
dependent of ERBB4 expression. The significance 
levels did not persist within the CR and IR groups 
between low and high levels of ERBB4-expressing tu-
mors. Lack of early-stage disease (stages I/II) and a 
small number of low-grade tumors are other limita-
tions of our cohort. However, both early-stage disease 
and low-grade ovarian serous carcinoma make up a 
small percentage of clinical cases. Low-grade ovarian 
serous carcinoma is also known to be more resistant 
to chemotherapy than high-grade disease.32 The ret-
rospective nature of our data collection for disease 
outcomes without discriminating between short-term 
and long-term response to therapy is another short-
coming of our data set.

Conclusions 
Considering the limited therapeutic options for pa-
tients with ovarian carcinoma whose disease is re-
sistant to platinum-based chemotherapy, a need ex-
ists to explore second-line treatment modalities. The 
addition of pan-tyrosine kinase blockers, such as 
afatinib, to cisplatin has significantly enhanced plat-
inum-based therapies in head and neck cancers.33 
Thus, it may be an option in platinum-resistant 
ovarian carcinoma. Our preliminary results require 
further study to validate the prognostic and poten-
tial treatment in a larger cohort of ovarian serous  
carcinoma samples.
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Background: In patients with hepatic metastases from solid-organ malignancies, surgical resection may be 
a potentially curative option, but it is not possible in most cases. Chemosaturation with percutaneous hepatic 
perfusion was developed for the management of unresectable metastases to the liver. 
Methods: Relevant medical literature was summarized with regard to the outcomes and limitations of che-
mosaturation with percutaneous hepatic perfusion.
Results: Six articles were identified that contained data on 91 individuals who received chemosaturation 
with percutaneous hepatic perfusion. More than 60% of these study patients were diagnosed with ocular 
melanoma. The overall response rate was 48% and the rate of disease control was 90%. Chemosaturation 
with percutaneous hepatic perfusion improved the rates of overall and hepatic progression-free survival (PFS). 
The data are limited but suggest that the rate of PFS was improved in study patients with isolated melanoma 
hepatic metastases who received chemosaturation with percutaneous hepatic perfusion compared with those 
assigned to standard care.
Conclusions: Our results suggest that chemosaturation with percutaneous hepatic perfusion produces favor-
able tumor response rates in select individuals with unresectable hepatic metastases from multiple primary 
cancers, particularly ocular and cutaneous melanomas. Data from a single randomized clinical trial have also 
shown that chemosaturation with percutaneous hepatic perfusion can affect hepatic PFS in certain patients.

Introduction
Hepatic metastases from solid-organ malignancies 
portend a poor prognosis in most cases and are an im-
portant determinant to survival.1-3 Complete surgical 
resection might represent a curative option in patients 
with isolated hepatic metastases, but resection is not 
possible in most patients because of the number, loca-
tion, or size of the hepatic metastases. Likewise, poor 
hepatic functional reserve limits standard therapeutic 
options such as resection. 

The liver is the predominant site of metastasis for 
ocular melanoma, colorectal cancer, and gastrointes-
tinal neuroendocrine tumors.1-3 In persons with ocu-
lar melanoma, the sole site of metastatic disease in up 
to 50% of individuals is the liver after treatment of the 

primary cancer.4 The rate of median survival in per-
sons with hepatic metastases from ocular melanoma 
is less than 9 months.5 Hepatic metastases will devel-
op in 20% to 40% of individuals with colorectal can-
cer; the median survival rate in these cases is approxi-
mately 2 years.2,6 Neuroendocrine tumors metastasize 
to the liver in 25% to 90% of individuals, and the 
5-year survival rate of those with liver metastases is 
40% compared with a rate that exceeds 75% in those 
whose cancer does not metastasize to the liver.1 He-
patic metastases can also co-occur with many other 
malignancies, such as breast cancer, renal cell cancer, 
cutaneous melanoma, and soft-tissue sarcoma.7,8 For 
patients with unresectable liver-dominant disease, 
multiple strategies for liver-directed therapy have 
been developed, including hepatic artery chemoem-
bolization, radioactive bead embolization, hepatic ar-
terial infusion, isolated hepatic infusion, and chemo-
saturation with percutaneous hepatic perfusion.3

In Europe, chemosaturation with percutaneous 
hepatic perfusion was commercially launched in 2012, 
and a second-generation, high-efficiency filter was ap-
proved for use in conjunction with a proprietary he-
patic delivery system that same year.3,9 However, the 
US Food and Drug Administration has not approved 
chemosaturation with percutaneous hepatic perfusion 
for use in the United States.

Chemosaturation with percutaneous hepatic per-
fusion is a minimally invasive, repeatable, regional 
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therapy in which a high dose of melphalan is direct-
ly infused into the liver via the hepatic artery using a 
percutaneous approach.3,9,10 The liver is isolated from 
the systemic circulation by a double-balloon catheter 
inserted through the femoral vein. Chemotherapy-in-
fused blood is then diverted through the arterial cath-
eter via an extracorporeal pump circulation and is then 
filtered and returned to the patient via venovenous by-
pass and the jugular vein.

Methods
Authors reporting on the utility of percutaneous hepat-
ic perfusion for any malignancy met our inclusion crite-
ria. Only literature written in English was reviewed. If 
data were reported in combination with other hepatic-
directed therapies, only the data reported for chemo-
saturation with percutaneous hepatic perfusion were 
included. Exclusion criteria included 5 or fewer case pa-
tients or data not evaluated in a peer-reviewed fashion. 

For literature from the same institution, original 
deidentified data were requested to remove duplicate 
study patients from multiple reports. Once all study pa-
tients were determined to be unique, we analyzed the 
response and disease control rates. The authors of each 
individual report determined the response rate. We de-
fined the disease control rate as the summation of com-
plete response, partial response, and stable disease.

Literature Review
We identified 6 articles from the medical litera-
ture.7,8,10-13 The report from Abbot et al11 is an update 
of the study results from Forster et al,7 so these data are 
combined in our review. Likewise, some study patients 
reported in Hughes et al10 were included in Abbot  
et al,11 so we also omitted those case patients from in-
clusion in our review of the results from Abbot et al11 
and  Forster et al.7 No data from Pingpank et al14 were 
utilized because this report included preliminary re-
sults from a randomized control trial eventually pub-
lished by Hughes et al.10

Procedural Details and Management
Chemosaturation with percutaneous hepatic perfu-
sion is performed in an interventional radiology suite 
or operating room with imaging capability under gen-
eral anesthesia (Fig). A catheter is first manipulated 
into the hepatic artery via the femoral artery followed 
by catheterization of the internal jugular and femo-
ral veins utilizing ultrasonography and fluoroscopic 
guidance. A multilumen, double-balloon catheter is 
inserted via the femoral vein into the inferior vena 
cava and positioned across the hepatic veins. The bal-
loons are inflated to isolate hepatic venous outflow 
from the systemic circulation.

Hepatic artery angiography is obtained to confirm 
the absence of collateralization or extrahepatic blood 

flow from the proper hepatic artery. If the catheter is 
placed in the common hepatic artery, or there is back 
flow into the gastroduodenal artery, then the gastrodu-
odenal artery is embolized to avoid the systemic circu-
lation of chemotherapy. Likewise, unnamed collaterals 
or other noncritical arteries are also embolized. Iden-
tification of accessory or replaced hepatic arteries are 
identified (if not done so already) and used for hepatic 
chemoperfusion if needed.

Blood from the hepatic veins then exits the liver 
through a channel in the multilumen catheter and is 
extracorporeally filtered before it is returned to the cir-
culation to limit systemic toxicity from chemotherapy. 
The second-generation extracorporeal filtration system 
extracts greater than 90% of melphalan before return-
ing the filtered blood back to the patient through the 
internal jugular vein to minimize systemic drug deliv-
ery and the associated adverse effects.15

The procedure is described elsewhere in detail, 
but high-dose melphalan 3 mg/kg is administered 
unless dose-limiting toxicities have been previously 
demonstrated.7,10 All procedures are performed under 
general anesthesia with heparin-induced systemic an-
ticoagulation performed after catheterizations. Prior 
to introducing chemotherapy, contrast angiography 
is obtained of all the isolated sections to confirm the 
absence of leakage and to verify isolation from the 
systemic circulation. Melphalan is administered to 
the liver in a split fashion by advancing the hepatic 
artery catheter into the left and right hepatic arteries. 
Unless anatomical variations exist, 60% of the drug is 
given via the right hepatic artery and 40% is given via 
the left hepatic artery. Treatment is administered for 
30 minutes, followed by an additional 30 minutes of 
venovenous bypass to allow for melphalan washout. 
During the treatment, patients undergo clinically sig-
nificant changes in pulse and blood pressure that re-
quire aggressive support with intravenous fluids and 
vasoactive drugs such as phenylephrine, norepineph-
rine, and vasopressin. This is especially the case early 
on during the procedure when the filters are opened, 
and vasoactive support is weaned off as the procedure 
continues. After the procedure is completed, prot-
amine is used to reverse heparin.

Catheters and intravascular sheaths are removed 
after baseline laboratory blood values (complete blood 
count, platelet count, activated clotting time, prothrom-
bin time, and partial thromboplastin time) have nor-
malized, with transfused fresh-frozen plasma, plate-
lets, cryoprecipitate, and fibrinogen (blood proteins 
removed by the filtration system) given as needed. All 
patients receive 10 units of cryoprecipitate, because 
the real-time measuring of individual clotting proteins 
found in cryoprecipitate can be difficult, cumbersome, 
and is not routinely performed. However, platelets, red 
blood cells, and fresh-frozen plasma are transfused 
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based on postprocedure laboratory values. Pressure is 
held at each vascular access point for 45 minutes, and 
patients are then are observed for 1 day in the inten-
sive care unit. Typically, patients are discharged home 
on postoperative day 1, provided that laboratory val-
ues (complete blood count, renal and hepatic function 
tests) have returned toward baseline.

Patients are postoperatively monitored with 
twice-weekly laboratory studies (complete blood 
count, renal and hepatic function tests) for up to  
4 weeks. Granulocyte-stimulating factor is used as 
needed for neutropenia, and, if present, anemia and 
thrombocytopenia are treated with transfusions. 
At our institution, we obtain repeat liver imaging  
6 weeks following treatment with a triple-phase liver 
protocol for computed tomography or contrast-en-
hanced magnetic resonance imaging, also per the liv-

er protocol. Positron emission tomography/computed 
tomography is used to evaluate disease response and 
for other sites of metastatic disease and functional 
disease burden. Magnetic resonance imaging of the 
brain is also obtained in cases of melanoma to rule 
out central nervous system metastases.

Outcomes
Increased Experience 
In 2004, van Etten et al12 published a report of a small 
series of 10 study patients with colorectal and ocular 
melanoma hepatic metastases who underwent chemo-
saturation with percutaneous hepatic perfusion. Over-
all, these patients had a disease control rate of 80% and 
a 30-day mortality rate of 5%.12 The median number of 
treatments per study patient was not reported. The re-
searchers compared chemosaturation with percutane-

Fig. — Illustration of the isolation of the retrohepatic inferior vena cava for the return of melphalan-infused blood via a double-balloon catheter and cath-
eterization of the proper hepatic artery. Shown is a complete setup for percutaneous hepatic perfusion, including drug delivery (yellow via left femoral artery 
catheterization into the hepatic proper artery); normal saline for priming (A; tubing 1 and 2); removal of melphalan-infused blood from the retrohepatic 
inferior vena cava double-balloon catheter (B and C; tubing 3 and 10); bypass and filtration (D to E; tubing 5–8); and the return line (F; tubing 9 and 11).  
This figure describes therapy not approved by the US Food and Drug Administration. Reprinted with permission by Delcath Systems, Inc.

Connect to Drug Delivery System
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ous hepatic perfusion and open isolated hepatic per-
fusion, which has significantly higher morbidity and 
mortality rates.9,12 Because open isolated hepatic perfu-
sion has risks and, due to the development of percu-
taneous intravascular techniques, van Etten et al12 rec-
ommended percutaneous hepatic perfusion without 
abdominal incision as a potential therapeutic option 
for patients with unresectable hepatic malignancies.12

Vogl et al8 published a small series in 2014 of 
13 study patients who underwent chemosaturation 
with percutaneous hepatic perfusion for hepatic me-
tastases predominately from melanoma. The mortal-
ity rate in this series was similar to previously report-
ed series, and the median number of treatments per 
study patient was 1.8 The disease control rate for this 
cohort was 92%, thus demonstrating that chemosatu-
ration with percutaneous hepatic perfusion has a sig-
nificant effect.8

Abbott et al11 built upon the data from Forster et al,7 
updating it to investigate the use of chemosaturation 
with percutaneous hepatic perfusion in 13 individu-
als with ocular and cutaneous melanoma. These re-
searchers evaluated the outcomes of chemosaturation 
with percutaneous hepatic perfusion at a single insti-
tution in study patients with unresectable hepatic me-
tastases who received liver-directed therapy between 
2008 and 2014. Their data suggested that chemosatu-
ration with percutaneous hepatic perfusion was suc-
cessful in this cohort.11 The researchers compared the 
results of chemosaturation with percutaneous hepatic 
perfusion against other liver-directed therapies, such 
as yttrium and chemoembolization, in 31 individuals. 
No differences were observed between the groups 
receiving yttrium, chemoembolization, and chemo-
saturation with percutaneous hepatic perfusion in re-
gard to age, adjuvant therapy, prior regional hepatic 
treatment, or major complications following treat-
ment for both melanoma and non–melanoma primary 
malignancies.11 Extrahepatic disease was observed to 
be more prevalent in the chemoembolization group 
compared with the groups receiving yttrium and 
those receiving chemosaturation with percutaneous 
hepatic perfusion (P = .004).11 The median rate of he-
patic progression-free survival (PFS) was significantly 
longer among those who received chemosaturation 
with percutaneous hepatic perfusion compared with 
those assigned to yttrium (P < .001) and chemosat-
uration with percutaneous hepatic perfusion com-
pared with chemoembolization (P = .008).11 A higher 
Eastern Cooperative Oncology Group (ECOG) score 
(P = .01) and a greater tumor burden also correlated 
with a shorter duration of hepatic PFS  (P = .03).11 
Median overall Kaplan-Meier survival was also lon-
ger with chemosaturation with percutaneous hepat-
ic perfusion (736 days) than with yttrium (285 days) 
and chemoembolization (265 days); however, on mul-

tivariate analysis, this difference was significant for 
chemosaturation with percutaneous hepatic perfu-
sion compared with yttrium alone (P = .03) and not 
for chemosaturation with percutaneous hepatic per-
fusion compared with chemoembolization (P = .20).11 
Neither ECOG score nor tumor burden was a signifi-
cant predictor of overall survival (OS). 

Because 7 study patients included in the retro-
spective review from Forster et al7 and Abbott et al11 
were also included in clinical trial results published by 
Hughes et al,10 it is worth noting that these data were 
removed from the summary analysis and the Table that 
describes the unique patients.8,12,13

Hickson et al13 described the experience of treat-
ing 18 study patients who received chemosaturation 
with percutaneous hepatic perfusion. The primary dis-
ease of the cohort was ocular melanoma, and the me-
dian number of treatments was 2 per study patient.13  
A disease control rate of 94% was reported, confirming 
the work of previous groups who demonstrated signifi-
cant responses to chemosaturation with percutaneous 
hepatic perfusion in individuals whose disease failed 
to respond to other treatments.13

The results of a phase 3 randomized trial with a 
cross-over design published by Hughes et al10 vali-
dated the results of previously published retrospec-
tive studies. In 44 study volunteers assigned to che-
mosaturation with percutaneous hepatic perfusion, 
the disease control rate was reported to be 89%, the 
mortality rate was 7%, and the complication rate was 
90%, with the majority being neutropenic without sig-
nificant sequelae.10 The median number of treatments 
was 3 per participant. Hepatic PFS and OS were signifi-
cantly improved in this population. The rate of median 
OS improved from 46 days in the best available care 
group to 186 days in the chemosaturation with percu-
taneous hepatic perfusion group (P < .0001).10 Because  
cross-over was allowed, no difference in OS rate was 
observed as more than 50% of the study participants 
who received best available care crossed over to per-
cutaneous hepatic perfusion. Among the study vol-
unteers originally randomized to best available care, 
those who crossed over to chemosaturation with per-
cutaneous hepatic perfusion had a median OS rate of 
396 days compared with 124 days for study partici-
pants assigned to the best available care group who 
did not cross-over after disease progression (P = .01).10

Response Rates
In total, 91 individuals received a total of 182 treat-
ments of chemosaturation with percutaneous he-
patic perfusion.7,8,10-13 Although it was not precisely 
reported in all studies, ocular melanoma was the 
primary malignancy in more than 60% of the cases 
studied (see Table).7,8,10-13 When investigating these 
studies, based on Response Evaluation Criteria In 
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Solid Tumors (when available), the complete response 
rate was 4%; the overall response rate was 47%; the dis-
ease control rate was 90%; the median mortality rate 
was 2.5% (range, 0%–7.7%); and, when reported, the 
median number of chemosaturation with percutane-
ous hepatic perfusion treatments per study patient 
was 3 (range, 1–3).7,8,10-13

Hepatic Function and Overall Survival 
As of publication, the best available data on hepat-
ic function and OS come from Hughes et al,10 who 
published the results of a phase 3, randomized,  
cross-over trial that investigated chemosaturation 
with percutaneous hepatic perfusion using melpha-
lan vs best alternative care for patients with metastatic 
ocular or cutaneous melanoma to the liver. Limited 
extrahepatic metastatic melanoma was allowed, pro-
vided that the hepatic metastases represented the  
life-limiting tumor burden. Patients were required to 
have adequate hepatic and renal function. No ana-
tomical variations were allowed that would limit che-
mosaturation with percutaneous hepatic perfusion. 
The researchers discovered that PFS was prolonged 

in those receiving chemosaturation with percutane-
ous hepatic perfusion compared with those assigned 
to best alternative care (7.03 vs 1.64 months; hazard 
ratio 0.34; P < .0001).10 The rate of OS was comparable 
among groups (9.79 vs 9.89 months for chemosatura-
tion with percutaneous hepatic perfusion and best 
alternative care, respectively).10 This may be because 
of the design of the trial. Because it was a cross-over 
design, the trial allowed patients assigned to best al-
ternative care to cross-over to chemosaturation with 
percutaneous hepatic perfusion after progression. 
The most common adverse events observed in study 
patients receiving chemosaturation with percutane-
ous hepatic perfusion with melphalan were thrombo-
cytopenia, anemia, and neutropenia.10

Use in Multiple Tumor Types 
Several noncomparative studies of chemosaturation 
with percutaneous hepatic perfusion using melphalan 
for the treatment of unresectable hepatic metastases 
were published prior to the randomized trial conduct-
ed by Hughes et al.8,11-13 Study patients in these trials 
had a variety of primary tumor types, including ocu-

Table. — Selected Literature on Outcomes Data for Use of Chemosaturation With Percutaneous Hepatic Perfusion

Study
No. of 
Study 

Patients

Type of Primary 
Tumor, n

No. of 
Treatments 
Received

Median 
No. of 

Treatments

Rate of 
Disease 

Control, %

Selected 
Outcome Comment

First-Generation Filter

Hughes10 44
Cutaneous melanoma (5)
Ocular melanoma (39)

120 3 89

CR: 0
PR: 16
SD: 23
PD: 5

Phase 3 randomized trial
Deaths associated with  
treatment: 3 (7%)

van Etten12 10
Colorectal cancer (9)
Ocular melanoma (1)

10 Not reported 80

CR: 0
PR: 2
SD: 6
PD: 2

30-d mortality rate: 5%

Second-Generation Filter

Abbott11 
(update of 
Forster7)a

10

Ocular melanoma (4)
Sarcoma (1)
Unknown primary mela-
noma (1)

30 3 100

CR: 1
PR: 5
SD: 4
PD: 0

PFS improved with therapy 
compared with other treatments 
(P < .04)
No reported mortalities

Hickson13 18 Ocular melanoma (18) 34 2 94

CR: 2
PR: 13
SD: 2
PD: 1

2 study patients NT due to technical 
anatomical reasons

Vogl8 13

Breast cancer (1)
Cholangiocarcinoma (1)
Cutaneous melanoma (3)
Ocular melanoma (8)

18 1 92

CR: 1
PR: 6
SD: 5
NE: 1

1 death resulted in NE
1 study patient NT due to intra-
procedural bleeding

Disease control rates are CR + PR + SD. 
aSeven patients not listed here because they are included in Hughes et al.10 

CR = complete response, NE = not evaluable, NT = not treated, PD = progressive disease, PR = partial response, SD = stable disease. 
This table describes therapy not approved by the US Food and Drug Administration.
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lar melanoma, cutaneous melanoma, cholangiocarci-
noma, leiomyosarcoma, and colorectal, breast, and 
gastric cancers.8,11,13 In these studies, rates of overall 
hepatic response ranged from 50% to 75%.8,11,13 Hepat-
ic responses were seen in those with cholangiocarci-
noma, colorectal cancer, ocular melanoma, cutaneous 
melanoma, and leiomyosarcoma. Complete responses 
were observed in 1 study patient with cholangiocarci-
noma and 2 with ocular melanoma.8,11,13

Adverse Events
Observed toxicities following chemosaturation 
with percutaneous hepatic perfusion are consistent 
among reports of the therapy used in conjunction 
with melphalan.7,14,16-18 Overall, approximately 90% 
of patients have experienced a treatment-related ad-
verse event.7,8,10 Thrombocytopenia, anemia, and 
neutropenia are the most common adverse events of 
chemosaturation with percutaneous hepatic perfu-
sion.7,8,10,14,16-18 In the majority of cases, these adverse 
events were managed with granulocyte colony-stim-
ulating factor, blood-product transfusions, or both, as 
necessary.7,8,10,14,16-18

Two studies with the highest toxicity rates — van 
Etten et al12 and Hughes et al10 — utilized the first-gen-
eration filter. A second-generation filter was utilized 
in the other studies, which had lower rates of grade 3 
or higher toxicities.7,8,11,13 Furthermore, pharmacoki-
netics have shown that more than 93% of melphalan 
is removed by the second-generation filter, thus mini-
mizing systemic exposure.19 Likewise, a general trend 
is associated with the second-generation filter that has 
demonstrated that the newer-generation filter is as-
sociated with a decreased rate of hematological tox-
icities, an increased number of treatments per patient, 
and a decreased rate of treatment-associated mortality  
(see Table).7,8,10-13

Conclusions
Results from a randomized trial and several retrospec-
tive studies demonstrate that chemosaturation with 
percutaneous hepatic perfusion achieves good tumor 
response rates in patients with unresectable hepatic me-
tastases from ocular or cutaneous melanoma, colorectal 
cancer, or cholangiocarcinoma.7,8,10,11,13 In 1 study, che-
mosaturation with percutaneous hepatic perfusion was 
significantly associated with prolonged rates of hepatic 
progression-free survival compared with 2 other region-
ally delivered, liver-targeted therapies.11 More random-
ized trials are needed to confirm these initial findings, 
to investigate the potential benefit in overall survival, 
and to study the use of chemosaturation with percuta-
neous hepatic perfusion in combination with current 
immunotherapy-based treatments for melanoma. To this 
end, a phase 3, multicenter, international, randomized 
trial without a cross-over design that is comparing per-

cutaneous hepatic perfusion with best alternative care is 
now recruiting patients (NCT02678572).
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Background: The molecular signature of ductal carcinoma in situ (DCIS) in the breast is not well understood. 
Erb-b2 receptor tyrosine kinase 2 (ERBB2 [formerly known as HER2/neu]) positivity in DCIS is predictive of co-
existent early invasive breast carcinoma. The aim of this study is to identify the gene-expression signature pro-
files of estrogen receptor (ER)/progesterone receptor (PR)-positive, ERBB2, and triple-negative subtypes of DCIS.
Methods: Based on ER, PR, and ERBB2 status, a total of 18 high nuclear grade DCIS cases with no evidence 
of invasive breast carcinoma were selected along with 6 non-neoplastic controls. The 3 study groups were 
defined as ER/PR-positive, ERBB2, and triple-negative subtypes.
Results: A total of 49 genes were differentially expressed in the ERBB2 subtype compared with the  
ER/PR-positive and triple-negative groups. PROM1 was overexpressed in the ERBB2 subtype compared with 
ER/PR-positive and triple-negative subtypes. Other genes differentially expressed included TAOK1, AREG, 
AGR3, PEG10, and MMP9.
Conclusions: Our study identified unique gene signatures in ERBB2-positive DCIS, which may be associated with 
the development of invasive breast carcinoma. The results may enhance our understanding of the progression of 
breast cancer and become the basis for developing new predictive biomarkers and therapeutic targets for DCIS.

Introduction
Ductal carcinoma in situ (DCIS) of the breast is defined 
as a proliferation of neoplastic epithelial cells with ma-
lignant features and a ductal phenotype without inva-
sion of the basement membrane. DCIS is a nonoblig-
ate precursor lesion of a proportion of invasive breast 
carcinoma.1,2 DCIS is highly heterogeneous with a vari-
able presentation, morphology, and behavior.1-4 The in-
cidence of DCIS is increasing, largely due to increased 
life expectancy rates and improvements in diagnostic 
radiographical modalities.1-4

During the last 10 years, advances of high-through-
put genomic and gene expression and proteomic 
array-based techniques have allowed researchers to 
characterize the molecular signature of breast cancer. 
Gene-expression profiling is now used to classify inva-

sive breast carcinoma into subgroups with distinct clin-
ical behavior, including 2 types with estrogen recep-
tor (ER)/progesterone receptor (PR)-positive tumors 
(luminal A and B) and 2 ER/PR-negative types (basal 
like and erb-b2 receptor tyrosine kinase 2 [ERBB2 
{formerly known as HER2/neu}]).5,6 The conceptual 
changes resulting from gene-expression profiling stud-
ies in the setting of breast cancer have led to a new par-
adigm in the way breast cancer is perceived and have 
provided a rationale for a change in clinical practice.7,8

The exact molecular behavior of DCIS — in  
particular, how it progresses to invasive breast carci-
noma — is not well understood. Several studies on 
gene-expression signatures suggest that DCIS is ge-
netically advanced and heterogeneous and is a direct 
precursor of invasive breast carcinoma.9-13 Low-grade 
DCIS is considered to be a precursor of low-grade 
invasive breast carcinoma, and high-grade DCIS is a 
precursor of high-grade invasive breast carcinoma.12,14

DCIS has a high prevalence rate, and a small sub-
set of patients with DCIS will subsequently develop 
invasive disease, so biological markers that predict 
the presence of occult invasive disease or identify pa-
tients at higher risk of developing invasive cancer are 
needed so that clinicians can tailor the management 
of these lesions.4 Attempts have been made to catego-
rize DCIS by immunohistochemistry and to establish 
prognostic indicators.15,16 Some studies have focused 
on ERBB2 overexpression in invasive ductal carcinoma 
and DCIS.17-20 For example, Holmes et al17 reported that 
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ERBB2 status, larger tumor size, and higher nuclear 
grade were significantly correlated with time-to-tumor 
recurrence rate in patients treated with breast conser-
vation surgery alone for DCIS. Other reports suggest 
that DCIS with ERBB2 overexpression is associated 
with early invasive foci at a relatively higher rate of fre-
quency in the same or short-term subsequent excisions 
(35.8% in ERBB2-positive vs 12.2% in ERBB2-negative 
disease; P = .001).18,19 This observation has also been 
confirmed by a study in a Chinese population.20

These observations suggest that significant,  
differentially expressed genes may be present in 
ERBB2-positive DCIS and are associated with a high risk 
of developing invasive breast carcinoma than more in-
dolent DCIS.17-20 Thus, the aim of this study is to identify 
a signature of a gene-expression profile in DCIS with a 
different ERBB2 status. Identifying the gene-expression 
signatures of ERBB2-positive DCIS may increase our 
understanding of the mechanisms of the progression of 
breast cancer and become the basis for developing new 
predictive biomarkers and therapeutic targets and en-
hancing the management of DCIS.

Materials and Methods
Case Selection, Histological, and Immunohisto-
chemical Examination
Excisional specimens obtained from lumpectomies 
and mastectomies received at the University of Alabama 
at Birmingham (Birmingham, AL) between 2012 and 
2013 with a histopathological diagnosis of DCIS were 
screened for study inclusion. The clinical and patho-
logical histories were reviewed using electronic medical 
records and a pathology information system. Inclusion 
criteria encompassed DCIS cases with a high nuclear 
grade; a minimum tumor cell area of 0.5 cm2; and no 
association with invasive carcinoma by histological ex-
amination or clinical history. 

This study was retrospectively performed on 
deidentified patient information with approval of the 
Institutional Review Board at the University of Alabama 
at Birmingham.

ER, PR, and ERBB2 status was evaluated for the 
DCIS cases from formalin-fixed, paraffin-embedded 
tissue. The tissue sections were stained with clones  
ER-SP1 for ER, PR-IE2 for PR, and SP3 for ERBB2 us-
ing a biotin-free, polymer-based technology detection 
method and automatic staining. Scoring for ER/PR 
status was manually performed and based on the per-
centage of positive nuclear staining and its intensity. 
The staining intensity was graded from 1+ (weak) to 
3+ (strong), with 0 being negative. Scoring for ERBB2 
status was based on the pattern and intensity of mem-
branous staining according to the College of American 
Pathologists/American Society of Clinical Oncology 
guidelines for invasive carcinoma.21 ERBB2 immunos-
tain with 3+ intensity was classified as a ERBB2-pos-

itive case, and 0 or 1+ intensity was classified as a 
ERBB2-negative case. None of the cases included in 
this study showed stain results with 1+ or 2+ intensity.

DCIS cases with low or intermediate nuclear 
grades were excluded from this study because all 
ERBB2-positive DCIS cases were of a high nucle-
ar grade in our previous study.18 Based on ER, PR, 
and ERBB2 status, 18 cases with high nuclear grade 
DCIS with different receptor status were selected  
(6 ER-positive and/or PR-positive, and ERBB2-negative 
[ER/PR-positive]; 6 ER-negative, PR-negative, and ERBB2-
positive [ERBB2]; and 6 ER-negative, PR-negative, and 
ERBB2-negative [triple negative]). A total of 6 non-neo-
plastic breast tissue samples were used as controls. The 
controls were specimens obtained from reduction mam-
moplasty in patients with no history of breast malignancy.

RNA Extraction
Based on a slide stained with hematoxylin and eo-
sin, the area of DCIS with a minimum size of 0.5 cm2 
was marked by a pathologist. The formalin-fixed, 
paraffin-embedded tissue block was then macrodis-
sected from the area and RNA was extracted from the 
corresponding areas after deparaffinization with xy-
lene.22 RNA was eluted in a minimum volume of 25 µL  
Tris/ethylenediaminetetra-acetic acid–based buffer,  
pH 8.0, and the concentration of RNA was deter-
mined using a spectrophotometer. The average RNA  
concentration obtained was 379.5 ± 44.0 ng/µL  
(mean ± standard error of mean).

Expression Array and Analysis
Expression array of extracted RNA was performed at the 
University of Alabama Heflin Center for Genomic Science 
Core Laboratories, using an array that provides whole-
transcriptome coverage with measurements of protein 
coding and long, intergenic, noncoding RNA transcripts.

To detect genes differentially expressed in the 
dataset, normalization of the data between the array 
mean expression value and a non-neoplastic tissue 
control was carried out. Fold-change calculation was 
performed to measure the changes in gene-expression 
levels. A nonparametric approach was followed. Data 
were rank-ordered to detect the response measure-
ment to the outlier genes in each group. The genes 
with ranks at the tail end of the distribution for mul-
tiple samples was outside of the reference null distri-
bution obtained by permutation. The gene-expression 
profile of the ERBB2-expressing subtype was com-
pared with that of the ER/PR-positive and triple-neg-
ative subtypes in this manner. Specifically, the quan-
tile shift was calculated by running the command  
s {1} = vsShift(dtQ, 1,2) for a shift between 1 and 2. 
Only the genes falling in the top quartile in their dif-
ferential expression were chosen for further analysis. 

Hierarchical analysis of the expression pro-
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file was also performed. The data were analyzed us-
ing a customized MATLAB (MathWorks, Natick, MA) 
software application. The literate programming re-
port, produced by using the “cell programming” pub-
lication syntax of the MATLAB software, contains 
a detailed description of the analytical workflow  
(https://github.com/mathbiol/dcis).
The relevance of the quantile shift 
for each of the tests is calculated 
with reference to its cumulative 
distributions and is included in 
that report.

Results
Among all breast specimens 
obtained from biopsy or ex-
cision, 248 cases were diag-
nosed as DCIS. After excluding 
core biopsies and re-excision 
specimens, 131 cases were ex-
cisional specimens for DCIS 
without invasive breast carci-
noma. A total of 62 cases had 
DCIS with a low or intermediate 
nuclear grade, and 69 cases had 
DCIS with a high nuclear grade. 
By reviewing the histological 
slides of these high-grade cases,  
39 had enough tumor burden 
(> 0.5 cm2) to extract RNA. Immu-
nohistochemistry revealed that 
21 of them (61.5%) were classi-
fied as ER/PR-positive, 9 (23.1%) 
as triple-negative, and 6 (15.4%) 
as ERBB2 subtypes (Fig 1). We 
selected all the available ERBB2 
cases and randomly selected  
6 cases from the other 2 subtypes 
for RNA expression array.

Clinical information of the 
cases is summarized in Table 1. 
The median patient ages for 
each group were 49 years (range,  
39–69), 61 years (range, 58–71), 
and 55 years (range, 39–68) for 
the ER/PR-positive, triple-nega-
tive, and ERBB2 groups, respec-
tively. The age of those in the 
ERBB2-positive group was not 
significantly different from the 
other 2 groups. The median age 
of the control group was signifi-
cantly younger when compared 
with the other groups (30.5 years 
[range, 23–40]). Two patients 
were lost during follow-up, and 

the remaining patients were followed-up for 23 to  
50 months after surgical excision, with an average fol-
low-up time of 41 months. Seven patients (43.8%) re-
ceived no additional treatment after excision, where-
as 9 patients (56.2%) received additional treatment. 
Six patients (37.5%) were treated with radiotherapy,  

Table 1. — Summary of Demographical Characteristics of Each Case Patient

Case 
No.

Category Age, 
y

Surgery Extent Margin Additional 
Therapy

Follow-Up, 
mo

1 ER/PR+ 39 Mastectomy 14/22 2 mm Hormone 
therapy

36

2 69 Lumpectomy 6/8 Free on  
re-excision

RT 47

3 48 Lumpectomy 5/13 Free on  
re-excision

RT + 
hormone 
therapy

44

4 46 Mastectomy 5/11 Free — 46

5 61 Lumpectomy 1.1 cm 
(9/13)

Free RT 41

6 49 Lumpectomy 5/8 Free on  
re-excision

Hormone 
therapy

47

7 ERBB2 58 Mastectomy 7.5 cm Free — IDC at 30

8 39 Lumpectomy 4/10 Free on  
re-excision

RT 42

9 45 Mastectomy 6 cm Free — 41

10 68 Mastectomy 14/14 Free — 32

11 52 Mastectomy 5/13 Free — 36

12 64 NA Lost to 
follow-up

NA

13 Triple 
negative

63 Mastectomy 4/20 Free — 50

14 60 Lumpectomy 2/18 3 mm RT 47

15 59 Lumpectomy 15/33 Free RT 46

16 71 Lumpectomy 1.6 cm Free RT 37

17 58 Mastectomy 1.7 cm Free — 23

18 62 NA — — Lost to 
follow-up

NA

ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, IDC = invasive ductal carcinoma, 
NA = not applicable, PR = progesterone receptor, RT = radiotherapy.

Fig 1A–B. — High-grade ductal carcinoma in situ displaying (A) solid architecture with comedo ne-
crosis (hematoxylin and eosin stain, × 40) with (B) intense and complete (3+) membrane staining for 
ERBB2 immunohistochemistry. ERBB2 = erb-b2 receptor tyrosine kinase 2.

A B
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2 patients were treated with adjuvant hormonal thera-
py (tamoxifen), and 1 patient was treated with a com-
bination of hormonal therapy and radiotherapy. One 
patient in the ERBB2-positive group received no ad-
ditional treatment and developed invasive breast car-
cinoma 30 months after the initial diagnosis in the 
ipsilateral breast following reconstruction surgery. 
The majority of cases (81.3%; n = 13) had sentinel 
lymph nodes examined; none had metastasis. Mar-
gins were free of tumor, defined as carcinoma at least 
0.2 cm away from the margin, either on the initial 
diagnosis or on re-excision. No obvious trend was  
identified between margin status, tumor extent, and 
additional treatment.

A total of 1,682 transcripts were analyzed by 
gene-expression profiling. The genes were clustered 
according to their specific subtype and the differ-
ence of their signal intensity (Fig 2). The gene-ex-
pression profile of each subtype was compared with 
that of normal breast tissue. In addition, the gene-
expression profile of the ERBB2-expressing subtype 
was compared with that of the ER/PR-positive and  
triple-negative subtypes (Fig 3). A total of 49 differ-
ent genes were identified as being overexpressed in 
the ERBB2 subtype when compared with the other  
2 groups. A list of the most common differentially ex-
pressed genes, with their respective quantile shift, is 
summarized in Table 2. These genes encompass stem 
cell, stromal growth factors, vascular growth factors, 

and inflammatory response–associated genes.
Among the most relevant genes, PROM1 was 

consistently found to be overexpressed in the ERBB2 
subtype compared with the ER/PR-positive and  
triple-negative subtypes. TAOK1, AREG, and AGR3 
were overexpressed in the ERBB2 subtype com-
pared with the triple-negative cases. By hierarchical 
analysis, PEG10 was overexpressed in the ERBB2 
group compared with the triple-negative and con-
trol groups. This gene was also overexpressed in 
the ER/PR-positive group compared with the con-
trol group, yet it was underexpressed in the ERBB2 
group when compared with the expression levels in 
the ER/PR-positive lesions. ESR1 and TFF1 were also 
found to be underexpressed in the ERBB2 subtype 
when compared to the ER/PR-positive subtype. Hi-
erarchical analysis also showed underexpression of 
MMP9 in the ERBB2 subtype when compared to the 
triple-negative subtype. Different inflammatory as-
sociated genes such as IGHA and IGKC were found 
to be underexpressed in the ERBB2 subgroup when 
compared to the ER/PR-positive and triple-negative 
groups. CD24 was overexpressed in the ERBB2 sub-
type as compared with the ER/PR-positive subtype.

Discussion
To the best of our knowledge, this is the first report 
to examine gene-expression profiles by ERBB2 
stratification. 

Fig 2. — Gene-expression profile clustering of 1,682 transcripts for the 3 experimental groups after normalization against the nonneoplastic tissue controls. 
Expression values were ranked to determine their quantile value (by dividing rank by number of transcripts), and the corresponding 0 to 1 values are used in the 
axes. Colored values indicate transcripts found to have rank-sum P < .05. 
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.

            Triple Negative

ER/PR
ERBB2
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Concurrent DCIS and invasive breast carcinoma 
share similar genetic features and molecular abnormali-
ties, suggesting that the risk factors for these 2 diseases 
are similar.13,23-32 The natural history, progression, and 
mechanism underlying DCIS are poorly understood, 
although several studies have shown that the transition 
from DCIS to invasive disease is associated with quan-
titative rather than qualitative differences in gene ex-
pression.2,14,25,33 Biological markers to predict the pres-
ence of occult invasive disease or to identify patients at 
higher risk of developing invasive cancer are needed 
so that clinicians can better tailor the management of 
these lesions. Some commercially available assays for 
DCIS are available for ER/PR-positive DCIS; however, 
no tests are available for ERBB2-positive or triple-nega-
tive DCIS. In this study, we tried to identify differential-
ly expressed genes in ERBB2-positive DCIS that may 
be associated with a high risk of developing invasive 
breast carcinoma.

We found a distinct gene-expression profile pat-
tern in DCIS among the different immunophenotypes. 
PROM1 was overexpressed in the ERBB2 subtype com-
pared with the ER/PR-positive and triple-negative sub-
types. PROM1 encodes prominin-1, a cell surface pen-
taspan membrane glycoprotein.34 PROM1 expression 
and its function in cancer remains incompletely delin-
eated; nevertheless, it is recognized as a general cancer 
stem cell marker in several types of cancer, together 
with a CD44 (high)/CD24 (low) signature.35

PROM1 has been identified in colorectal, hepato-
cellular, and pancreatic cancers as a stem cell marker 
and as a cancer recurrence predictor in colon can-
cer.36-42 For tumors of the central nervous system, spe-
cifically glioblastomas, PROM1 has also been used as 
a stem cell marker, in which its expression correlates 
with poor overall survival.43 Similarly, a higher expres-
sion of PROM1 has been identified in patients with 
non–small-cell lung cancer compared to tissue con-

Fig 3. — Hierarchical analysis comparing the gene expression of the experimental groups. Green = overexpressed genes, red = underexpressed genes.
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.
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trols, implying a relationship be-
tween PROM1 and the development 
of lung cancer.44

PROM1 expression in pancreatic 
cancer cell lines has been found to 
induce the epithelial-mesenchymal 
transition and increase in vitro in-
vasion, mediated by activation of 
nuclear factor κB (NF-κB).45 NF-κB 
activation leads to classical epithe-
lial-mesenchymal transition marker 
changes and the promotion of cel-
lular migration and invasion; thus, 
in the context of pancreatic cancer, 
activation of NF-κB may be essential 
for tumor development.46

Jung et al47 described PROM1 
expression as differentially regu-
lated in response to SOX2 tran-
scriptional activity in breast cancer 
cells. Latorre et al48 reported that the 
downregulation of a newly identi-
fied molecular complex — scaffold-
ed by the long, non-coding, RNA, 
metastatic-associated lung adenocar-
cinoma noncoding transcript 1 and 
RNA-binding protein human antigen 
R — upregulated PROM1 expression 
in dedifferentiating breast cancer 
cells in vivo and in vitro. The main 
nuclear functions of human antigen 
R are the regulation of splicing, mes-
senger RNA processing, and polyad-
enylation.49

The discovery of PROM1 over-
expression in ERBB2-positive DCIS 
in our study suggests an association 
between the pathogenesis and pro-
gression of breast cancer from an 
in situ nature to an invasive nature, 
possibly correlating with the ERBB2 
subtype behavior and prognosis.

TAOK1, AREG, PEG10, and 
AGR3 were overexpressed in the 
ERBB2 subtype compared with the 
triple-negative cases. TAOK1, which 
encodes for a serine/threonine pro-
tein kinase, is involved in various 
processes such as the p38/mitogen-
activated protein kinase (MAPK) 14 stress-activated 
MAPK cascade, DNA damage response, and the 
regulation of cytoskeleton stability and apoptosis.50 
Schulte et al51 analyzed genomic rearrangements in 
a ZR-75-30 representative breast cancer cell line and 
identified the TAOK1–PCGF2 fusion, which results in 
gene inactivation. 

The AREG gene product, amphiregulin, is a ligand 
that can bind and activate epidermal growth factor re-
ceptor; thus, it belongs to the epidermal growth factor 
family of ligands. The activation of epidermal growth 
factor receptor by amphiregulin appears to be required 
in ductal morphogenesis, and its autocrine function 
may be associated with several types of cancer, includ-

Table 2. — Summary of the Most Common Differentially Expressed Genes in ERBB2 
Cases Compared With ER/PR+ and Triple-Negative Cases by Clustering Analysis

Overexpressed 
Compared With 
ER/PR+ Status

Overexpressed 
Compared With 
Triple-Negative 

Status

Underexpressed 
Compared With 
ER/PR+ Status

Underexpressed 
Compared With 
Triple-Negative 

Status
PROM1 (0.915) PROM1 (0.793) ESR1 (0.972) HMGCS (0.835)

SLP1 (0.888) TAOK1 (0.785) PEG10 (0.902) AQP3 (0.803)

CD24 (0.853) PEG10 (0.726) TFF1 (0.887) SULT1C3 (0.803)

ALDH3B2 (0.828) ITGB6 (0.724) GDAP1 (0.870) ALOX15B (0.799)

GLYATL2 (0.794) RNU5D (0.714) ELOVL2 (0.854) SLP1 (0.790)

DBI (0.783) SLC39A6 (0.705) VSIG6 (0.854) NTNG1 (0.789)

CYP4F22 (0.853) HOXA9 (0.787)

FGF10 (0.850) MMP9 (0.786)

PPAPDC1B (0.840) GRIA2 (0.785)

SCUBE (0.838) HOXA7 (0.780)

IGKV3D (0.835) AKR1C2 (0.778)

NUERL (0.834) SLC5A8 (0.776)

IGKC (0.815) IGHA1 (0.760)

IGHA1 (0.814) IGKC (0.749)

AREG (0.813) ALDH3B2 (0.747)

GRIA2 (0.793) IGHD (0.742)

HOXA7 (0.793) DUOX1 (0.727)

IGHD (0.790) FKBP5 (0.725)

IGLJ3 (0.789) CYP4X1 (0.719)

SGK3 (0.780) SLC44A4 (0.713)

POTEE (0.777) ELOVL2 (0.690)

AGR3 (0.775)

MALAT1 (0.766)

AQP3 (0.764)

HOXA9 (0.756)

SLC5A8 (0.745)

DUOX1 (0.733)

NTNG1 (0.731)

CYP4X1 (0.726)

FKBP5 (0.714)

HMGCS2 (0.714)

SLC44A4 (0.711)

SULT1C3 (0.691)

AKR1C2 (0.681)

Numbers in parentheses indicate the quantile shift between the 2 conditions.
ER = estrogen receptor, ERBB2 = erb-b2 receptor tyrosine kinase 2, PR = progesterone receptor.
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ing hepatocellular, pancreatic, colon, and inflamma-
tory breast cancers.52-58 

PEG10 is an imprinted gene with paternal expres-
sion that encodes for 2 proteins that have cell-prolif-
eration properties and can inhibit apoptosis.59-62 The 
proteins have a distant homology to retroviral gag and 
pol proteins, which is suggestive of an ancient retro-
viral insertion event during evolution.59,63 PEG is also 
a downstream MYC-responsive gene overexpressed in 
human breast and prostate cancers.59 

AGR2 and AGR3 belong to the disulfide isomerase 
protein family, which forms, disrupts, oxidizes, reduces, 
and isomerizes the disulphide bonds between the cys-
teine residues of nascent proteins, thus regulating pro-
tein folding and maturation.64,65 In silico component 
analysis revealed that AGR3 contains a binding site 
for the ETS-domain containing protein ELK1, a direct 
target for the MAPK-signaling pathway, which has been 
implicated in cell proliferation, apoptosis, and progres-
sion.65 AGR3 is overexpressed in breast cancer, and ex-
pression of AGR2 and AGR3 correlates with estrogen ex-
pression.66 However, estrogen-independent expression 
of AGR2 and AGR3 has also been observed in prostate, 
pancreatic, esophageal, and ovarian cancers.66,67

When the ERBB2-subtype expression profile was 
compared with that of the ER/PR-positive group, we 
identified underexpression of ESR1 and TFF1. TFF1 
is an ER-responsive gene co-expressed with TFF3 
as components of a luminal epithelial signature in 
breast cancer cells.68 von der Heyde et al69 showed 
that TFF1 is underexpressed in trastuzumab-resistant 
breast cancer cell lines compared with ER/PR-positive 
trastuzumab-sensitive cell lines. Collins et al70 found a 
relationship between trastuzumab therapy and TFF1, 
confirming that trastuzumab upregulated ER transcrip-
tional activity and TFF1 expression.69

Hierarchical analysis also showed underexpres-
sion of MMP9 in the ERBB2 subtype when compared 
with the triple-negative subtype. Matrix metallopro-
teinases are responsible for the degradation of extra-
cellular matrix proteins and play a crucial role in can-
cer cell invasion.71,72 MMP9 has been identified as a 
predictive marker of breast cancer cell invasion.69,73

Limitations
Based on the available data, we identified several 
genes actively involved in tumor development in vari-
ous organ systems that were differentially expressed 
in different subtypes of DCIS. Although the num-
ber of cases in this study was limited, the genes we 
found differentially expressed in ERBB2-positive and  
ERBB2-negative DCIS are involved in cancer biology, 
suggesting that these genes may play an important role 
in the progression of DCIS. Long-term follow-up re-
search to correlate between the expression profiles of 
these genes and their clinical outcomes is warranted. 

Further studies are also needed to confirm the expres-
sion of these genes and their translational products. 

Another potential limitation in the present study 
is that the excisions were performed for clinical pur-
poses, so no fresh frozen tissue was available for RNA 
extraction. Obtaining fresh frozen tissue may improve 
the quality of the obtained nucleic acids. In addition, 
the results of this study do not distinguish between 
the gene expression in the tumor cells from that of the 
microenvironment, such as stromal and inflammatory 
cells. Some of the genes related to inflammation, such 
as CD24, may be differentially expressed in inflamma-
tory cells. Several matrix metalloproteases are also up-
regulated in the stroma when transitioning from prein-
vasive to invasive disease — which may account for the 
observed MMP9 underexpression in the ERBB2 sub-
type. However, the percentage of tumor nuclei from 
the area in which RNA was extracted was more than 
60%. Therefore, the contribution of the microenviron-
ment would be minimal. If the changes of gene expres-
sion were occurring in the microenvironment, such as 
inflammatory cells or stromal cells, uncovering these 
changes would also be of interest.

Some of the protein products of the genes differ-
entially expressed, such as PROM1, are cell-surface 
proteins, which may be targetable by monoclonal an-
tibodies. 

Conclusions
In this study, we identified differential gene expression 
in the erb-b2 receptor tyrosine kinase 2 (ERBB2) sub-
type of ductal carcinoma in situ (DCIS) of the breast. 
Immunophenotypical classification of DCIS — in par-
ticular, ERBB2 reactivity — might be useful in identify-
ing patients with DCIS at higher risk for early invasive 
disease or subsequently developing invasive disease. 
Identifying functional and molecular mechanisms of 
genes differentially expressed in DCIS may help us bet-
ter understand the progression of this disease and pos-
sibly lead to the development of therapeutic targets for 
DCIS. Our findings may help understand the intricate, 
yet significant, genetic and epigenetic alterations seen 
in tumor cells and tumor-associated cells, such as stro-
mal, stem cell, and microenvironment genes, which 
could help establish the basis for developing new pre-
dictive biomarkers and therapeutic targets  for DCIS. 
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