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Metastasis to the central nervous system (CNS), including neoplastic meningitis (NM), is a
devastating complication of systemic cancer. With the improved survival of cancer patients, the
incidence of CNS metastasis is rising, especially among those with breast or lung carcinoma. New
therapies that effectively treat these primary tumors outside of the CNS have underscored the
significance of CNS metastases; they have become a significant clinical issue and a therapeutic
challenge. This review discusses clinical situations in which treatment or chemoprophylaxis of CNS
metastases and NM from breast or lung cancer may play an important role. Potential clinical trials
to assess these assumptions also will be proposed.

It is estimated that in 2008, there were more than 1.4 million new cases of cancer in the United
States, with 565,650 deaths.! Between 1973 and 2003, Barnholtz-Sloan and colleagues reported a
9.6% incidence of central nervous system (CNS) metastases among 16,210 patients diagnosed with
solid tumors in the Metropolitan Detroit Cancer Surveillance System.” Lung cancer was reported to
be the solid tumor that relapsed to the CNS most frequently (19.9%), followed by melanoma
(6.9%), renal (6.5%), breast (5.1%), and colorectal cancers (1.8%).

Neoplastic meningitis (NM) is a devastating form of CNS metastasis characterized by the invasion
of the leptomeninges and cerebrospinal fluid (CSF) by malignant cells.” NM is associated with
rapid and progressive neurological deterioration, and median survival in untreated patients with NM
is only a few weeks.* The actual overall incidence of NM is difficult to establish, but it has been
estimated to be between 6% and 21% in patients with solid tumors.” The main solid tumors to
invade the leptomeninges are breast and lung cancer, which account for 12% to 50% and 10% to
26%, respectively, of cases of NM.* " ® Many cases go unrecognized. The chance of developing
NM also may increase in certain situations, such as surgical resection of brain metastases located in
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As detailed elsewhere in this supplement, the diagnosis of NM relies on either positive CSF
cytology, abnormal magnetic resonance imaging (MRI), or clinical findings in the appropriate
circumstances (eg, raised protein and cranial nerve palsy). Since the presentation of NM is protean,
it is important to have a high clinical suspicion in the presence of vague neurological symptoms.
Failure to evaluate is common because of unrecognized symptoms and a perception that there are
no available therapies.

Overall, the occurrence of CNS metastases, including NM, has been increasing.5 This is due to a
number of factors. First, the development of improved treatments for primary breast and lung
cancers provides more effective control of systemic disease and results in longer survival.'’
However, because of the relative inability of systemic chemotherapy to penetrate the blood-brain
barrier (BBB), a sanctuary site for metastatic cells is created in the CNS.> For example, a
retrospective study by Clayton and colleagues demonstrated that 25% of patients with breast cancer
(n = 93) treated with trastuzumab developed brain metastases, and suggested that although
trastuzumab promoted long-term survival, it did not penetrate the CSF in sufficient quantities,
creating a metastatic sanctuary site.'* A 2-year study of patients with small cell lung cancer (SCLC)
in the Netherlands reported a 2% incidence of NM at the time of primary cancer diagnosis."
Despite combination chemotherapy consisting of cyclophosphamide, doxorubicin, and etoposide,
the 2-year cumulative incidence of NM on follow-up was 10%,'” suggesting that the CSF may have
acted as a sanctuary site for metastasized cells. Further, nine of 21 (43%) patients with metastatic
adenocarcinoma of the lung responding to an epidermal growth factor receptor (EGFR) inhibitor
developed brain metastases, even though the majority demonstrated control of extracranial
disease.'® Second, an increased awareness of this complication and improved diagnostic modalities
have resulted in increased detection of CNS metastases.” For some patients, CNS involvement may
be the only cause of decreased quality of life (QoL) and the main threat to survival.

Although the treatment of NM is palliative, treatment may improve time to neurological progression
and QoL. Conventional treatment for patients with brain metastases is whole-brain radiation therapy
(WBRT)."” Although WBRT may relieve symptoms, survival averages only a few months.'” For
patients with limited or no systemic disease and good neurological status, the combination of
surgery or radiosurgery and WBRT results in improved outcome (eg, improved local control and
delayed intracranial recurrence) compared with either treatment alone.'” ' '

Systemic chemotherapies (eg, methotrexate [MTX]) given at high doses to overcome the BBB have
shown some activity in treating NM but may lead to substantial systemic toxicity.” *' Intra-CSF
chemotherapies circumvent the BBB and treat the entire neuroaxis while minimizing systemic
toxicity. Agents that are most commonly used in clinical practice for intrathecal administration are
MTX, cytarabine, thiotepa, and sustained-release cytarabine (liposomal cytarabine).” MTX and
cytarabine are indicated for the treatment of lymphomatous and leukemic meningitis, and liposomal
cytarabine is indicated for the treatment of lymphomatous meningitis. However, none of these
agents is approved by the US Food and Drug Administration for the treatment of NM from solid
tumors.

Few clinical trials assessing the efficacy of intra-CSF therapy for patients with solid-tumor
leptomeningeal metastases have been conducted, and only three are prospective, randomized trials
(Table 1).*%7" However, a retrospective review of medical records from 126 patients with
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cytologically confirmed NM from solid tumors demonstrated that intra-CSF chemotherapy was a
significant predictive factor of survival (P = .01).* Some studies also indicate that NM from breast

or lung cancer may respond to intra-CSF therapy,
occasionally in patients with breast cancer and leptomeningeal metastases (ie, >112 weeks).
Still, the benefits of chemotherapy in NM from solid tumors are not yet clear.

25,29

Table 1. Efficacy of Intrathecal Therapies for the Treatment of Solid Tumors

and long-term survival has been observed

8,23-25

30,31,32

Study
First Author, Year Description Treatments Response Median Survival Primary Tumor Data
Yap, 19822 N =40 WBRT + MTX 65% Responders: 6 mo
Breast, n = 40 Negative C5F cytology + normalization of CSF Non-responders: 1 mo
biochemistry + imp gical status
Wasserstrom, 1982¢ N =90 MTX 50% 5.8 mo (1-29) Survival:
Breast, n = 46 Stabilization/improvernent of neurological symptoms =1 Breast: median 7.2 mo (1-29)
lung, n = 23 mo Lung: median 4 mo (1-10)
Other: 1-12
Ongerboer de Visser, N = 33 MTX/Ommaya 6 mo (0.5-28)
1983 NR RT/MTX flumbar 1 mo (0.25-7)
Breast, n =33 Untreated 2 mo (0.25-3)
Prospective, NR
Hitchins, 19872 N =44 MTX 61% Responders: 18 wk Response rate:
R MTX + AraC 45% MNon- responders: 7 wk Breast: 36%
Breast (n = 11) (P = NS) (P <.05) SCLC: 69%
SCLC (n =13) Improved clinical status + negative CSF cytology + ACUP: 50%
normalization of CSF biochemistry for =4 wk Survival:
Breast: median 9 wk (59 for respanders)
(1-112)
SCLC: median 8 wk (1-26)
ACUP: median 8 wk (1-39)
Grossman, 1993 R MTX 0% 15.9 wk Survival:
N =52 Thiotepa Normal logh ination + negative CSF 14.1 wk Breast: median 15 wk (one patient >110 wk)
Breast, n = 25* cytology (lumbar and ventricular) + no meningeal Lung: median & wk
Lung, n =12 masses + normal CSF biochemistry Other solid tumors: median 17 wk
Glantz, 19999 N = &1 Liposomal AraC 26% 105 days :
R MTX 20% 78 days Breast: liposomal AraC: 2/11, MTX: 0/11
Breast, n = 22 (P = NS) (P = NS) SCLC: liposomal AraC: 0/2, MTX: 2/2
Lung, n =10 Negative cytology at all previously >0 sites (lumbar and NSCLC: liposomal AraC: 0/3, MTX: 1/3
Other, n = 29 ventricular) + stable or improved neurological Other: liposomal AraC: 6/15, MTX: 3/14
condition One patient with breast cancer treated with
liposomal AraC survived 465 days
Jaeckle, 2002 N =110 Liposomal AraC 27% 95 days (7-791+)
Breast, n = 38 Negative cytology at all previously =0 sites (lumbar and
Lung, n = 18 ventricular) + stable or improved neurological condition
Kim, 20033 N = 50 MTX 13.8% 10.4 wk Response:
NR MTX + hydrocortisone + 38.5% 18.6 wk Breast: 36%
Breast (n = 13) AraC (P =.036) P =029 SCLC: B0%
Lung (n = 33) Negative cytology from lumbar CSF
Other
Boogerd, 2004* N =35 MTX + RT (if necessary) 59% 18.3 wk
Breast, n = 35 RT but no IT treatment 67% 30.3 wk
Stable or improved neurclogical condition (P = NS)
Abbreviations: ACUP, adenocarcinoma unknown primary; AraC, ¢ bine; CSF, ¢ spinal fluid; IT, i al; MTX, 5 NR, non-randomized; NSCLC, non-small cell lung cancer; NS, not significant;

ized; AT,

R, herapy; SCLC, small cell lung cancer; WBRT, whole brain radiation therapy.
*Study included individuals with lymphomatous meningitis. More patients randomized to MTX (61%) v thiotepa (33%) had breast cancer and were without evidence of systemic cancer.
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1 to mass lesions or symptomatic sites.

The increased frequency of CNS metastases, including NM, is a significant clinical issue and a
therapeutic challenge both with regard to treatment and prevention. CNS prophylaxis in
subpopulations at high risk of CNS metastases, and/or better screening and early diagnosis and
treatment, may improve clinical outcome, including QoL. This underscores the need to identify
patients most at risk of developing CNS metastases.



The purpose of this review is both practical and forward-looking. We will first examine clinical
situations in which treatment or chemoprophylaxis of CNS metastases from breast carcinoma or
lung cancer may play an important role. Next, we will present important considerations for
preventing CNS metastases in the surgical resection setting. We will conclude with a potential trial
proposal and discuss the assumptions presented.

NM AS A COMPLICATION OF BREAST CANCER

In 2008, more than 182,000 women in the United States were expected to be diagnosed with breast
cancer.' Historically, 5% to 16% of women with breast cancer develop CNS metastases,”~*
although twice as many cases (30%) have been reported in autopsy series.”> Among solid tumors,
breast cancer is the most common tumor to invade the leptomeninges.”® The incidence of NM in
patients with breast cancer is approximately 3% to 8%.> However, the incidence has been reported
to be 19% upon autopsy analysis.”

While the advent of improved primary chemotherapies has led to increased survival and a
consequent increase in the incidence of CNS metastases, patients with otherwise stable extracranial
disease may warrant monitoring and prophylaxis of CNS relapse. The role of intra-CSF
chemotherapy for CNS disease in breast cancer is unclear. Critical issues to consider include: (1)
the need to determine the capacity of intra-CSF chemotherapy to improve the clinical outcome of
patients with breast cancer and clinically diagnosed NM with or without CNS metastases (does it
work?); (2) whether patients with breast cancer and CNS metastases should receive
chemoprophylaxis to curtail the risk of developing subsequent NM (can it be prevented?); (3) the
identification of a subgroup of patients who may benefit from intensive NM screening but for
whom intra-CSF chemoprophylaxis may not be justified (are there subgroups who are at special
risk?); and (4) the use of risk factors in patients with breast cancer (defined by clinical profile or
tumor biology or systemic treatment) to identify patients for whom intra-CSF prophylaxis may be
beneficial enough to be investigated in a clinical trial.

Intra-CSF Chemotherapy: Improving Clinical Outcome for Breast Cancer Patients With NM

Intra-CSF administration of 20 mg MTX combined with WBRT (30 Gy) resulted in a 65% response
rate (>50% reduction in tumor cell count and/or complete normalization of the CSF) among 40
patients with breast cancer and NM.*> The median survival time for patients who responded to
therapy was 6 months, compared with 1 month for non-responders (P = .001). ** Thirty-one percent
of patients died from progressive systemic disease while their NM was in remission. Four patients
remained alive and in remission at 26 to 70+ weeks.”> Combination therapy with intra-CSF MTX
and cytarabine also has been assessed. In an early randomized study of patients with NM from
mostly solid tumors (N = 44), including 11 patients with NM from breast cancer, intra-CSF MTX
resulted in a larger, albeit statistically insignificant, response rate (defined as improved clinical
status, negative CSF cytology, and normal CSF biochemistry for 4 weeks or longer) than MTX and
cytarabine (61% v 45%, respectively) (P = .10).” However, the overall median survival was 7
weeks in non-responders and 18 weeks in responders (P <.05).>> Among patients with NM from



breast cancer, MTX alone resulted in a 67% response rate, versus a 25% response rate in similar
patients treated with a combination of MTX and cytarabine.”> A more recent study investigated the
combination of intra-CSF MTX, cytarabine, and hydrocortisone compared with intra-CSF MTX
alone in a non-randomized study that included 13 patients with NM from breast cancer.”’ The
overall response rate among patients with breast cancer was 39%.” Treatment with MTX,
cytarabine, and hydrocortisone resulted in a markedly, but not statistically significant, improved
survival rate compared with intra-CSF MTX alone (23.7 weeks v 10.1 weeks, respectively; P =
445). In a study by Wasserstrom and colleagues, patients with NM from breast cancer were treated
with radiation therapy followed by either intra-CSF MTX or intra-CSF cytarabine. Patients had a
median survival of 7.2 months (range, 1-29 months), and two patients survived 29 months.®

Intra-CSF MTX and thiotepa were compared in a randomized study involving 52 patients, of whom
48% had breast cancer.”® Most patients deteriorated neurologically within 8 weeks of initiating
therapy. Median survival was 15.9 weeks in the MTX group and 14.1 weeks in the thiotepa group.”

Liposomal cytarabine, an extended-release form of cytarabine, was compared with MTX in 61
patients with NM from solid tumors.”” Of the 22 patients with breast cancer, two of 11 treated with
liposomal cytarabine responded, including one who survived for 465 days, whereas none of the 11
patients treated with MTX responded to therapy.”” Response was defined as a conversion from
positive to negative CSF cytology from lumbar and ventricular sites plus a stable or improved
neurological examination. Using similar response criteria, 28% of 43 evaluable patients with NM
from breast cancer responded to intra-CSF therapy with liposomal cytarabine.”” Median time to
neurologic progression was 49 days (range, 1-515+ days), and median survival was 88 days (range,
1-515+ days).”” Liposomal cytarabine was also investigated in an open-label study of 110 patients
with NM, 38 of whom had breast cancer.”® With similar response criteria, the overall response rate
was 27%, with a median overall survival of 95 days (range, 7-791+ days) and a median time to
neurological progression of 55 days (range, 0-584+ days).

In addition to intra-CSF therapies, several case studies have reported favorable response of CNS
metastases®™ " and NM**'*? to treatment with oral capecitabine.”*** Capecitabine is indicated for
the treatment of metastatic breast cancer as monotherapy or in combination with docetaxel.***
Based on these encouraging results, a pilot phase II, single-arm, open-label clinical trial is proposed
to test whether combining capecitabine with liposomal cytarabine will improve the response rate,
neurological status, and survival of patients with breast cancer and NM (Figure 1).
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Figure 1. Proposal for a pilot phase II single-arm, open-label clinical trial of capecitabine and liposomal cytarabine for
the treatment of newly diagnosed neoplastic meningitis with or without central nervous system metastases in patients
with breast cancer.

This trial could enroll patients with breast cancer and newly diagnosed CNS involvement (NM with
or without brain metastases). Concurrent treatment such as with trastuzumab (to treat systemic
disease), field radiotherapy (to treat bulky spinal disease including CSF blocks), and stereotactic
surgery to treat isolated CNS metastases would be allowed. End points would include neurological
progression-free survival (primary end point), overall response rate based upon clinical response
(improvement of neurological signs and symptoms), cytologic and parenchymal response, overall
survival, and safety. The predisposition for intrathecal medication-related toxicities, as discussed
previously in this supplement, would need careful evaluation.

The Usefulness of Prophylactic Intra-CSF Treatment in Patients With Breast Cancer and
CNS Metastases

At least half of the patients with CNS involvement have stable systemic disease, and the brain is
often the first site of recurrence.’> When a brain relapse is diagnosed, seeding in the leptomeninges
or CSF may already exist, even if it is not yet detectable. In addition, some patients with CNS
metastases may be at increased risk of NM. Potential risk factors for meningeal relapse include
surgery for isolated CNS metastases, especially surgery of metastases located in the posterior fossa’
2. the proximity of brain metastases to the subarachnoid space’; the number of metastases; the
coexistence of vertebral metastases’; the tumor type’; and the length of follow-up. Two potential
clinical trials that could test the usefulness of CNS-directed chemoprophylaxis for patients with
breast cancer and brain metastases are outlined in Figure 2. Both trials could include patients with
recursive partitioning analysis class I or II (class I: patients with a Karnofsky Performance Score
[KPS] >70, <65 years of age, controlled primary tumor and no extracranial metastases; class III:
KPS <70; class II: all others)* with complete or partial response after surgery, stereotactic surgery,
radiation therapy, chemotherapy, or combined treatments. The first trial would randomize patients
to observation or chemoprophylaxis with liposomal cytarabine (Figure 2A). The second trial would
assign patients with positive CSF cytology to treatment with liposomal cytarabine, while those with
negative CSF cytology would be observed (Figure 2B). Results from these trials could help
determine the value of CNS-directed chemoprophylaxis.
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Figure 2. (A) Proposal for an intra-cerebrospinal fluid (CSF) prophylaxis trial in patients with brain metastases from
breast cancer. Stratification for: CSF cytology (positive vV negative V uncertain); tumor site (posterior fossa v cerebral
hemispheres); surgical resection (yes V no); and vertebral metastases (yes V no). (B) Proposal for a CSF prophylaxis trial
in patients with brain metastases from breast cancer. CR, complete response; PR, partial response; MRI, magnetic
resonance imaging; RPA, recursive partitioning analysis (used for prognostic classification); S, surgery; SRS,
stereotactic radiosurgery; WBRT, whole-brain radiation therapy.

Identifying Patients With Breast Cancer at High Risk of Developing CNS Metastases

The profoundly morbid effects of CNS metastases and the early identification of patients at risk
may justify early systematic screening for CNS disease in otherwise asymptomatic patients with
breast cancer and/or define a subpopulation of patients that may benefit from prophylaxis.
However, there are currently no studies that address whether early screening for CNS metastases
(parenchymal or meningeal) in patients with breast cancer would improve survival. Despite the
paucity of data, it is possible to identify certain subpopulations of patients with breast cancer who
are at high risk of developing CNS metastases.

Several factors have been identified that are associated with a higher risk of developing CNS

metastases (Table 2).*** These include young age,”>* progressive disease stage,’™* elevated
lactate dehydrogenase,’® nodal status,” lung metastases, and tumor characteristics such as negative

estrogen (ER) or progesterone (PgR) receptor status, human epidermal growth factor receptor 2
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(HER2) overexpression, cytokeratin (CK) 19 expression, tumor size, and grade.

14,46-50,52,53,55,56
B 592,93,39, By

evaluating several factors concomitantly, it may be possible to identify a group of women with a
much higher risk of CNS metastases. This is illustrated in a study by Evans and colleagues, in
which young age (ie, <50 years old) combined with ER " status resulted in a 53% risk of developing
CNS metastases.>® For patients with several risk factors, intensive screening (serial MRI and CSF
cytology) may be justified to detect early signs of CNS disease. Even so, a true definition of risk
factors still remains unclear, and the optimal timing and frequency of screening has not been
established. Of consideration are the cost and inconvenience of routine CNS screening and the fact
that some procedures are invasive (eg, lumbar puncture). In addition, the clinical and biological

significance of isolated cells in the CSF is unclear and needs to be better defined.

Table 2. Risk Factors for Central Nervous System Relapse in Patients With Breast Cancer*

Infiltrating Ductal

First Author, HER-2 Negative Receptor CK 5/6/19 Carcinoma Lung Disease
Year Overexpression Status Large Tumor Size Expression Histology Metastases Stage
Slimane, 200446 HR = 4.2; P = .002 HR = 4.3;
P = 0.0003
Gabos, 200647 HR = 3.55; P = .006 ER*: HR = 0.32; =2 cm
P = .002 HR = 2.76; P = .013
Souglakos, 2006*% HR = 29.4; P <.0001 CK19: HR = 8.31; HR = 0.23;
P = .001 P <.0001
Tham, 200649 HR = 2.8; P <.001 HR = 2.5; P =.02

Abbreviations: CK, cytokeratin; HER, human epidermal growth factor receptor; HR, hazard ratio.
*Identified by multivariate analysis.

Is There a Subpopulation of Breast Cancer Patients for Whom CNS Prophylaxis May Be

Justified?

To be a candidate for CNS prophylaxis, the patient with breast cancer should be at high risk of CNS
metastases and have a reasonable life expectancy. Analysis of breast tumor gene expression patterns
may help identify patients who are candidates for CNS/CSF prophylaxis. More aggressive breast
cancers, such as those with HER2/neu overexpression, and triple-negative receptor status (ER ,
PgR , and HER2 ), have an increased risk of CNS metastasis and are associated with a poorer

systemic prognosis. *¢4%23:35:7

HER2" breast cancer can be effectively treated with a trastuzumab-containing regimen, resulting in
improved survival.”** While trastuzumab is effective at eradicating systemic tumors, it may not
prevent CNS metastases. As a monoclonal antibody directed against the extracellular domain of the
HER?2 receptor, the high molecular weight of trastuzumab may prevent it from crossing the BBB.
As briefly mentioned earlier in this review, this may partly explain why brain metastases are
increasingly reported among patients with breast cancer who are treated with a trastuzumab-based
regimen (Table 3). Approximately 25% to 48% of women treated with trastuzumab develop CNS
metastases, > 7% including 5% with NM alone" and 14% to 24% with NM together with

13,62
parenchymal metastases.' >



Table 3. Frequency of Central Nervous System Metastases in Relation to Human Epidermal Growth
Factor Receptor 2 Overexpression and Survival in Patients With Breast Cancer

First Author, No. of Patients With CNS Patients With HER2 Median Survival
Year Patients Metastases n (%) Overexpressing Tumors (%) (mo)
Bendell, 20033 127 42 (34)* - 13
Lower, 200360 87 22 (25) 81 —
Van Pelt, 200351 22 4(18) 100 —_
Clayton, 2004 93 23 (25) 94 5.4
Lai, 200462 79 38 (48)F 47 24.9
Shmueli, 200453 32 10 (31) 100 —
Burstein, 200555 234 23 (10)% 100 —
Stemmler, 200664 136 42 (31) 100 13
Yau, 200665 87 23 (30) 100 -

Abbreviations: CNS, central nervous system; HER, human epidermal growth factor receptor.

*5% with neoplastic meningitis (NM) alone and 14% with NM and parenchymal brain metastases.
124% with NM.

flsolated CNS progression.

The tyrosine kinase inhibitor lapatinib, in combination with capecitabine, has been shown to be
active against systemic disease and brain metastasis in women with advanced, progressive HER2"
breast cancer who have received multiple previous treatments.’*®” Anecdotal evidence indicates a
potential role for capecitabine in NM.***'** In addition, preliminary data of an expanded phase II
trial suggest that lapatinib alone is active in patients with HER2" breast cancer and brain
metastases.”® Based on these premises, one of the first worldwide trials that incorporates tyrosine
kinase inhibitors in the treatment of NM has been initiated (J. Bischoff, personal written
communication, October 2008). This multicenter, open-label, single-arm, phase II study assesses
the efficacy and safety of oral lapatinib in combination with oral capecitabine and intrathecally
administered liposomal cytarabine for the treatment of meningeal and brain metastases in patients
with HER2" breast cancer (J. Bischoff, personal written communication, October 2008).

Despite the profound morbidity and the relatively high occurrence of CNS metastases in patients
with breast cancer, the priority for patients with very aggressive and unresponsive breast tumors,
such as basal-like breast cancers, remains finding therapies that will control the primary systemic
cancer. Before a clinical trial assessing the therapeutic benefit of CNS prophylaxis in patients with
breast cancer is performed, it is necessary to better identify patients at risk and develop superior
regimens and/or therapies to treat CNS metastases from breast cancer.

NM AS A COMPLICATION OF LUNG CANCER

Lung cancer is the leading cause of cancer mortality among both men and women in the United
States and is estimated to be responsible for 29% of all cancer deaths in 2008." Mortality is due to
end-organ failure caused by metastases, and CNS metastases are a common problem in lung cancer.
According to the Metropolitan Detroit Cancer Surveillance System study, the incidence of brain
metastases is 19.9% in patients diagnosed with primary lung cancer® and as high as 30% in patients
with advanced-stage lung cancer.” As with breast cancer, effective multimodality regimens
integrating chemotherapy with radiation therapy and/or surgery have increased the survival of

patients with lung cancer. Three-year survival is now possible for patients with metastatic lung
9



cancer, and 1-year survival can reach 50%.% As with breast cancer, the longer patients with lung
cancer live, the higher the chance they will develop CNS metastases. Additionally, the routine use
of positron-emission tomography scanning in individuals with lung cancer allows for more precise
staging of lung cancer, which should eventually translate into greater survival. MRI screening has
become routine in both early-stage and metastatic lung cancer, particularly since the use of the anti-
vascular agents, which is anticipated to increase the frequency of early detection of otherwise
asymptomatic CNS metastases for patients with metastatic disease.

CNS Metastases in Patients With Non-Small Cell Lung Cancer

As many as 50% to 60% of patients with locally advanced non-small cell lung cancer (NSCLC) will
develop CNS metastases during the course of their disease,'®”® and the CNS is the first site of
recurrence in up to one third of all patients treated with multimodality treatment for stage III
NSCLC (Table 4).7%7¢

Table 4. Central Nervous System Metastases as First Site of Failure in Advanced Non-Small Cell Lung
Cancer After Multimodality Therapy

First Author, No. of Patients With CNS Metastases Percent of Total
Year Patients as First Site of Relapse (%) Relapses
Furuse, 199971 147 19
Law, 200172 42 29
Robnett, 200173 150 19
Ceresoli, 200274 139 22 29
Machtay, 20047> 53 23
Gaspar, 200576 422 17 26
Mamon, 200570 177 34

Abbreviation: CNS, central nervous system.

The treatment of patients with NSCLC has developed substantially over the last 5 years. A large
percentage of stage I-III patients with NSCLC are treated with adjuvant chemotherapy. The
Radiation Therapy Oncology Group 0139 study also showed that surgery in patients with stage III
NSCLC does not affect the outcome for those who receive chemotherapy and radiation first.
Furthermore, new drugs, such as bevacizumab and erlotinib for patients with stage IV lung cancer,
have extended survival and substantially changed the clinician's practice.

Patients with advanced NSCLC remain difficult to treat and rarely attain a complete response.
Conventional platinum-based chemotherapy, including cisplatin plus paclitaxel, gemcitabine or
docetaxel, and carboplatin plus paclitaxel, provides only modest survival benefits in patients with
advanced NSCLC (median survival, 8 months; 1-year survival rate, ~30%).77 Several recently
developed therapies, including the antiangiogenic drug bevacizumab and the orally administered
EGFR inhibitors erlotinib and gefitinib, have improved the outcome of patients with advanced
NSCLC. The addition of bevacizumab to standard chemotherapy regimens has increased median
survival for metastatic non-squamous NSCLC to greater than 12 months.” The effect of
bevacizumab treatment on the incidence of CNS metastases is unclear.

In a recent randomized, placebo-controlled study (N = 731), erlotinib treatment resulted in a
response rate of 8.9% among previously treated patients with stage IIIb or stage IV NSCLC.”
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Overall survival was 6.7 months in the erlotinib group, versus 4.7 months in the placebo group (P
<.001). In patients with advanced NSCLC who failed to respond to conventional therapy, gefitinib
produced response rates ranging from 12% to 18% and a 1-year survival rate of 25%.'*">*" Despite
the ability to control systemic cancer, a recent study demonstrated that patients who respond to
gefitinib treatment might be at greater risk of developing CNS relapse. Of 21 responders, seven
(33%) had CNS metastases as first site of disease progression, with a 5-year actuarial incidence of
CNS metastases of 60%. '° Of note, two (29%) patients with CNS relapses presented with NM. The
median survival for patients with CNS disease treated with gefitinib was 15 months, compared with
24 months for patients without CNS disease. '® Interestingly, some reports have shown that gefitinib
may have antitumor activity against CNS metastases from NSCLC at approximately the same
frequency as its systemic efficacy. '**'** For example, 43% of patients with CNS metastases (n =
14) who had received gefitinib for advanced NSCLC achieved an objective response in the CNS,
and 50% had extracranial responses.”’ Ceresoli and colleagues prospectively evaluated 41 patients
with NSCLC and measurable CNS metastases who were treated with gefitinib.”* A partial response
in the brain occurred in four patients (10%), a rate observed in most trials of NSCLC with
extracranial disease.”*

Subgroups of patients who are potential candidates for CNS prophylaxis could be defined by
response to systemic therapy. For example, the likelihood of a response to erlotinib in previously
treated patients with NSCLC has been shown to be significantly higher in women (P = .006),
nonsmokers (P <.001), Asians (P = .02), patients with adenocarcinoma (P <.001), and those in
whom EGFR was expressed in >10% of the tumor.”® However, the only factors that remained
significant in multiple logistic-regression analyses were nonsmokers, adenocarcinoma histology,
and EGFR expression.”®

Identifying High-Risk Patients Who May Be Candidates for CNS Prophylactic Treatment

By combining multiple factors, it may be possible to select a population with a high risk of CNS
disease to justify CNS prophylaxis. For example, a clinical study could be conducted to evaluate the
efficacy of prophylactic cranial irradiation versus observation in patients on second- or third-line
treatment (whose primary tumors are slow-growing) or with low standardized uptake value. A high
standardized uptake value is a poor prognostic factor for survival in NSCLC.* Another potential
study could assess the efficacy of liposomal cytarabine versus observation in stage III patients in
complete remission who previously received prophylactic cranial irradiation. Alternately, one could
combine these strategies and consider a trial of previously treated patients with metastatic NSCLC
who have responded to an EGFR inhibitor and treat them with liposomal cytarabine versus
observation as a prevention strategy for NM. Finally, high-risk patients who have been identified by
CSF screening or other means for the presence of micro-metastasis could also be considered for
treatment with liposomal cytarabine (positive CSF) or observation (negative CSF).

CNS Metastases in Patients With SCLC
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Approximately 14% to 18% of patients with SCLC have verifiable CNS metastasis (parenchymal
and NM) at the initial presentation.**® After 2 years, the cumulative risk of developing CNS
metastases is almost 50% in patients with limited disease and 65% to 80% for those with extensive
disease.* The majority of CNS metastases are located in the parenchyma, but NM is not uncommon
and occurs in 8% to 18% of all patients with SCLC.*™ In a prospective study of 458 patients with
SCLC, 70% of whom had extensive disease, the prevalence of NM was 2% at diagnosis and 10% at
the 2-year follow-up.'> Most patients with NM had metastases at other CNS locations. Treatment of
NM with radiotherapy (if bulky disease, n = 9), systemic chemotherapy (n = 5), or intra-CSF MTX
(n = 4) did not influence survival."” Because CNS metastases are more common in patients with
SCLC, a CNS prevention paradigm can be established, and prophylactic cranial irradiation is
recommended for patients with limited disease who have achieved complete response. Prophylactic
cranial irradiation has been shown to improve overall survival and quality-adjusted life
expectancy’™’ and reduces the risk of CNS metastases by approximately 50%.°° Similarly, it
improves disease-free survival and reduces the incidence of symptomatic metastases in patients
with advanced SCLC.”* Notwithstanding the clear benefits of prophylactic cranial irradiation, other
modalities, including intra-CSF therapy, need to be evaluated for the prevention of this
complication. For example, a potential clinical trial could be designed to assess the efficacy of intra-
CSF chemotherapies such as MTX, cytarabine, or liposomal cytarabine versus no
chemoprophylaxis for the prevention of NM in patients with SCLC. Such a trial could include
patients with limited or advanced-stage cancer who are in remission and have received prophylactic
cranial irradiation.

POSTSURGICAL PROPHYLAXIS

There is evidence to suggest that surgical resection of bulky CNS tumors, particularly those in the
posterior fossa, increases the risk of developing NM.’'* While surgery for supratentorial metastases
only leads to a 2% to 17% incidence of NM, surgery for posterior fossa metastases leads to a 10%
to 67% incidence of NM (Table 5).”'> NM is often the only site of recurrence.'? This raises the
question as to whether the increased incidence of NM in posterior fossa metastases is a consequence
of surgery or can be explained otherwise.

Table 5. Incidence (%) of Neoplastic Meningitis After Surgical Resection of Brain Metastases

No. of Patients With Cases of NM

First Author, Year Surgical Resection n (%)

Norris, 1997° N = 66 4* (36)
Posterior fossa metastases: n = 11 1(2)
Supratentorial metastases: n = 55

van der Ree,1999'2 N = 27 61 (67)
Posterior fossa, n = 9 3.(17)
Supratentorial metastases, n =18

Siomin, 200410 N=18 9 (50)
Posterior fossa metastases: n = 18

Suki, 20081 N = 260 26 (10)

Posterior fossa metastases: N = 260

Abbreviation: NM, neoplastic meningitis.
*Two additional patients died of progressive neurological disease, and two patients were lost to follow-up.
tin five patients, NM was the only site of recurrence.
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As indicated above, the location of the lesions could by itself contribute to the development of NM.
In one study, patients with CNS metastases located in the posterior fossa were found to be at a
higher risk (15%) of developing NM compared with patients with CNS metastases located
elsewhere (10%)."” The increased risk of NM after posterior fossa surgery may be due to close
association with subarachnoid space and cisterna magna fossa.''”> However, several reports suggest
that the type of surgery of posterior fossa metastases may play an important role in NM.'*!
According to these studies, the incidence of NM is significantly higher after surgery than after
stereotactic radiosurgery for the treatment of posterior fossa metastases.''" In a report by Suki and
colleagues, 79% of cases of NM occurred after surgical resection of posterior fossa metastases and
19% after stereotactic radiosurgery (P = .09). '' Several mechanisms have been proposed that may
account for the higher incidence of NM after surgery of posterior fossa metastases, including
contamination of the surgical field with tumor cells during surgery. Piecemeal resection also is
associated with a significantly higher rate of NM compared with en bloc resection (relative risk =
2.45; P =.02). '" Although the minimal number of tumor cells in the CSF that would be sufficient
to cause NM is unknown, preclinical data suggest that the introduction of just 3,000 tumor cells into
the CSF can lead to NM.”* Thus, a unique opportunity exists to investigate the value of CNS
prophylaxis in patients who undergo posterior fossa surgery of isolated metastases by using
chemotherapeutic prophylaxis during the perioperative period. An analogy is the use of
prophylactic antibiotics for surgical introduction of intracranial ventricular shunts.”” A randomized
study to determine whether chemotherapy for CNS prophylaxis of NM will reduce the incidence of
NM in patients undergoing surgery for posterior fossa metastasis is proposed (Figure 3). End points
should include imaging and CSF cytology analyses, as well as clinical outcome measures such as
recurrence, progression, or death. Other follow-up monitoring options, such as quantitative reverse
transcription polymerase chain reaction, brain and spinal MRI, and immunohistochemistry also may
be valuable. MTX, cytarabine, thiotepa, and liposomal cytarabine could be administered either
intrathecally via lumbar puncture or Ommaya reservoir, or in the case of MTX and cytarabine,
systemically through intravenous infusion at the time of incision. Potentially confounding factors,
such  as Objective 1: the

Imaging and
CSF analysis

MRI with and without
gadolinium post-op

Confirm and at 2 months
Patient with pathology
asinglo CSF analysis
posterior fossa memmll- | | oging | =— | Syrgery post-op and at 2 mo
metastatic cytology.flow, IHC
lesion Consent (cytology.flow, IHC)

signed
9 Randomization to

prophylaxis or

no prophylaxis
Objective 2:
EVD before surgical Clinical
procedure with CSF analysis response

Monitor: recurrence,
progression and death

chemoresistance of some tumors, abnormal CSF flow, and bulky deposits, should be closely
evaluated before patient enrollment.
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Figure 3. Proposal for a pilot clinical trial assessing whether chemoprophylaxis reduces the incidence of neoplastic
meningitis in patients with posterior fossa central nervous system metastases who undergo surgical resection. CSF,
cerebrospinal fluid; EVD, extra vascular drainage; IHC, immunohistochemistry; MRI, magnetic resonance imaging.

CONCLUSIONS

New and more effective treatment modalities have prolonged the remission and survival of patients
with solid tumors, including breast and lung cancer. Because of these improved systemic outcomes,
the relative significance of CNS metastases, including NM, has increased dramatically. CNS
metastases are sometimes the only site of recurrence and the site that most threatens patients' QoL
and the survival of otherwise responsive or stable patients. CNS prophylaxis in subpopulations at
risk of CNS relapse and better screening and early diagnosis may improve clinical outcome and
survival. The identification and validation of biological markers to predict CNS relapse would allow
clinicians to identify patients who may benefit from CNS prophylactic treatment. Clinical trials with
clearly defined end points also are needed to test the efficacy and safety of intra-CSF and other
CNS prophylaxis in high-risk populations. It is hoped that the proposals in this paper stimulate
discussion among clinicians and researchers and lead to the development of protocols for the
prevention of NM and CNS metastases from solid tumors.
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