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ABSTRACT
Background: No standard medical treatment exists for adult patients with recurrent

ependymoma and prospective clinical trials in this population have not succeeded because of
its rarity and challenges in accruing patients. The Collaborative Ependymoma Research
Network (CERN) conducted a prospective phase Il clinical trial of dose-dense temozolomide
and lapatinib, targeting the unmethylated MGMT promoter status and increased expression of
ErbB2 (HER2) and ErbB1 (EGFR) in ependymomas.

Methods: Patients age 18 or older with histologically proven and progressive ependymoma
or anaplastic ependymoma were eligible and received dose-dense temozolomide and daily
lapatinib. The primary outcome measure was median progression-free survival (PFS).
Landmark 6- and 12-month PFS and objective response were measured. Serial assessments of
symptom burden using the MDASI-BT/MDASI-SP were collected.

Results: The 50 patients enrolled had a median age of 43.5 years, median Karnofsky
Performance Status of 90, and a median of 2 prior relapses. Twenty patients had grade 111, 16
grade 11, and 8 grade | ependymoma. Half had spinal cord tumors; 15 had a supratentorial
tumor, 8 infratentorial, and 2 had disseminated disease. Treatment was well tolerated. The
median PFS was 7.8 months (95% CI 5.5,12.2); the 6-and 12-month PFS rates were 55% and
38%; with 2 complete and 6 partial responses. Measures of symptom burden showed
reduction in moderate-severe pain and other disease-related symptoms in most patients.

Conclusions:

This treatment, with demonstrated clinical activity with objective responses and prolonged disease
control associated with disease-related symptom improvements is an option as a salvage regimen

for adult patients with recurrent ependymoma.

Keywords: ependymoma, temozolomide, lapatinib, combination chemotherapy, progression-

free survival
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Key Points:
o This is the first prospective clinical trial for adults with ependymoma.
e The study reached its therapeutic goal with tumor response and prolonged control of
growth.

« Many patients experienced improvement in disease related symptoms.

Importance of the Study

Ependymoma is a rare cancer of the central nervous system. Although the incidence
in adults is greater than pediatric ependymoma, there have been no prospective clinical trials
in the adult population. While surgical removal often followed by radiation is standard
treatment for newly diagnosed adult ependymoma, no standard of care has been established
for recurrent disease. This clinical trial combined two oral agents, temozolomide and
lapatinib, targeting potential temozolomide resistance with a dose-dense schedule and
increased tumor ErbB2 and ErbB1 expression with the lapatinib. The disease control rate
complemented by marked improvement in disease-related symptoms and objective
radiographic responses support the efficacy of this-well tolerated regimen, which should be

considered as a treatment option for recurrent ependymoma.
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Introduction

Ependymoma is a rare primary brain tumor in adults. The Central Brain Tumor Registry of
the United States (CBTRUS) compiled incidence of both ependymoma and anaplastic ependymoma
and found a population rate of approximately 0.38 per 100,000." Ependymomas are found throughout
the central nervous system (CNS) in the supratentorial, posterior fossa, and spinal compartments, and
they affect pediatric and adult populations. The grading of ependymomas is based on the degree of
pleomorphism, tumor cells proliferation, cellularity, and tumor infiltration into surrounding brain
tissue, leading to the designation of either low-grade (WHO grade Il ependymoma) or the more
malignant designation of anaplastic ependymoma (WHO grade 111 ependymoma).? Grade |
ependymomas in adults are restricted to the distinctive histologic subtype, myxopapillary
ependymoma. Importantly, despite the grade | designation, failure to remove the myxopapillary tumor
en bloc with an intact surrounding soft-tissue capsule frequently leads to tumor recurrence from
spilled tumor cells, resulting in a prognosis that is similar to grade 11 spinal cord ependymomas.® In
light of this, a recent consensus from the cIMPACT group suggests that myxopapillary ependymoma

be given a grade 11 designation.*

Tumors of the posterior fossa are much more common in the pediatric population and spinal
cord tumors are more common in young to middle age adults. Overall, grade 111 ependymomas are
more common in adults. A series of studies elucidated at least 9 molecular subtypes of ependymoma
that vary by tumor location, age and prognosis.® Recently, a new variant of spinal cord ependymoma
was described molecularly by amplification of MYCN and clinically has a very aggressive course of

rapid dissemination and resistance to known treatments.®’

Currently, the standard therapy for newly diagnosed low-grade ependymoma is total surgical
excision typically followed by radiation therapy. In some instances, radiation treatment is deferred if
the tumor resection of the low grade (WHO Grade | or 11) is felt to be complete.?, However, a
retrospective analysis of posterior fossa ependymomas in adults found a significant improvement in
10-year disease free survival if postoperative radiation was administered to patients who underwent a

gross total tumor resection compared with resection alone.® Often, complete surgical resection is not
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possible because of the location of the tumor and concern for potential damage to surrounding brain.
In these situations, postsurgical radiation to the region of tumor is now considered standard of care;
craniospinal radiation is reserved for patients with proven dissemination either by imaging or positive
cerebrospinal fluid cytopathology.® Patients with anaplastic ependymoma receive postoperative
radiation even in the setting of a complete resection because of the higher proliferative rate and
greater propensity for tumor infiltration into surrounding normal brain. Neoadjuvant or post-radiation
adjuvant chemotherapy has not been shown to be of benefit for any grade or subtype of ependymoma

[reviewed in 1.

There are no established treatments for recurrent ependymoma although frequently, tumors
undergo a repeat resection. Re-irradiation has been evaluated in pediatric ependymoma with some
evidence of efficacy, but comparable studies have not been performed in adults with recurrent
ependymoma.’* Additionally, there have been no established chemotherapy regimens with proven
efficacy in recurrent disease. However, there have been anecdotal reports of response of ependymoma
to temozolomide, an oral alkylating agent with.good penetration of the CNS. A study by Brandes
included 4 patients who received this either as single agent or in combination with cisplatin.'? All
patients were reported to have stable disease as their best response. A single case report describes a
patient with recurrent anaplastic ependymoma with a greater than 10-year response to temozolomide
therapy.™® A larger retrospective series from Ruda involving 18 patients treated with standard dose
temozolomide reported a median progression-free survival (PFS) of 9.6 months, with 4 objective

responses and functional improvement in 2 patients.**

Although a randomized clinical trial failed to demonstrate improved outcomes in newly
diagnosed glioblastoma with a dose-dense schedule, studies in recurrent glioblastoma using a dose-
dense schedule of temozolomide had encouraging results.*>*® Additionally, correlative studies have
demonstrated that dose-dense administration of temozolomide decreased peripheral blood
mononuclear cell levels of methyl guanine methyltransferase (MGMT).'" In this context, many
ependymomas have an unmethylated MGMT promoter, although there has not been extensive

analysis. One study of 10 tumor samples demonstrated that nearly all ependymomas have an
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unmethylated MGMT promoter, whereas another study reported that nearly half of the ependymomas
evaluated had an MGMT methylated promoter.'**® However, since prior use of temozolomide was

allowed for this study, an alternate treatment schedule of temozolomide was felt to be the best choice.

Molecular targeting of ependymoma has proven challenging, further complicated by
the recently uncovered distinct molecular subtypes. Studies have shown increased expression
of ErbB2 and ErbB4 in pediatric intracranial ependymomas.'® Additionally, studies have
demonstrated that a high percentage of ependymomas have increased expression of EGFR
(ErbB1) suggesting that EGFR may be a suitable target for treating intracranial

ependymomas.?

Temozolomide has an established track record in treating primary brain tumors and a good
safety profile. Recent data suggest that certain dosing schedules may modulate tumor cell resistance
via the MGMT mechanism.’ Lapatinib was selected for the combination regimen to target the
frequent alterations in ErB1(EGFR) and ErB2 (HER2) in ependymoma, with the potential additive or

synergistic benefit of combining a cytotoxic agent with a cytostatic agent.*

Methods

This was a prospective multicenter phase Il study (NCT00826241) designed to determine the
efficacy of the combination of temozolomide and lapatinib in recurrent brain and spinal cord
ependymoma and anaplastic ependymoma as measured by median PFS. This clinical trial was
performed in the Collaborative Ependymoma Research Network (CERN) Adult Clinical Trials Network
and the protocol was approved by the Institutional Review Board at each of the participating
institutions. Patients recruited to the trial had histologically proven ependymoma or anaplastic
ependymoma with pathologic or imaging confirmation of tumor progression. Histologic diagnosis
was confirmed on Central Pathology Review prior to registration. All patients were required to sign
the study informed consent. Patients had to be able to undergo brain or spine MRI scans and were

required to be on stable steroid doses and recovered from the toxic effects of prior therapy. Patients
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with severe active comorbidities were excluded as were those with a prior invasive malignancy that
was not ependymoma (except non-melanomatous skin cancer or carcinoma in situ of the cervix)
unless the patient had been disease free for a minimum of 3 years. Additional inclusion criteria
included normal bone marrow, hepatic, and renal function, and electrolytes. Baseline cardiac testing
was performed within 14 days prior to registration. Toxicity grade was assessed using Common

Terminology Criteria for Adverse Events (CTCAE) Version 4.0.

Treatment

Initially, eligible patients received one cycle of the combination of temozolomide and
lapatinib. The temozolomide was administered at a dose of 125 mg/m2 as a single daily dose on days
1-7 and 15-21 of a 28-day cycle. The lapatinib was givenas a single daily dose of 1250 mg orally.
Patients who did not experience any grade 1 or greater myelotoxicity were eligible to have the
temozolomide dose increased to 150 mg/m? as a single daily dose on days 1-7 and 15-21 of a 28-day
cycle. The lapatinib dose was not increased. After 4 of the initial 6 patients developed grade 3 or 4
myelotoxicity with the increase of temozolomide dosing after 1 cycle, subsequent patients received
2 cycles of the combination of temozolomide and lapatinib with the temozolomide dosing at
125mg/m? days 1-7.and 15-28 before consideration of dose escalation. This dramatically reduced the

subsequent rate of myelotoxicity.

During active treatment, a complete blood count was performed on days 14 and 28 (+ 72
hours) after the first daily dose of each treatment cycle. Physical exams and MRIs were conducted
every 8 weeks prior to odd-numbered cycles and when therapy was discontinued. Patient treatment
diaries were collected, and pill counts were performed. Hepatic function testing was done with each
cycle and cardiac monitoring was performed every 3 months during and continued in the post-

treatment period to ensure that no late cardiotoxicity developed.
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Patient-reported outcomes. The MD Anderson Symptom Inventory-Spine Tumor Module
(MDASI-SP) and the MD Anderson Symptom Inventory-Brain Tumor Module (MDASI-BT) symptom
instruments were used along with the Karnofsky Performance Status (KPS) to assess patient clinical

outcomes.zua

The instruments consist of 22 symptoms (MDASI-BT) or 18 symptoms (MDASI-SP)
rated on an 11-point scale (0 to 10) to indicate the presence and severity of the symptom, with 0
being “not present” and 10 being “as bad as you can imagine.” Each symptom is rated at its worst in
the last 24 hours. Factor groupings of symptoms associated with the disease or treatment have been
identified and were used for this analysis. Also included are ratings of how much symptoms interfere
with different aspects of a patient’s life in the last 24 hours. These interference items are general

activity, mood, work (both outside the home and housework), relations with other people, walking,

and enjoyment of life. The interference items are also measured on 0-10 scales.

The primary endpoint for this trial was median PFS. A combination of a neurological
examination and MRI brain scan were used to define progression. Progression was defined by either
a > 25% increase in tumor area or worsening of neurologic function based on the clinical
examination. Due to improvements in neuroimaging and the fact that tumor growth in certain
regions of the CNS is without neurologic signs and symptoms, greater reliance was placed on
neuroimaging to define progression. One of the secondary endpoints of this trial was anti-tumor
activity as determined by overall response rate. Response was determined using bidimensional
measurement of postcontrast enhanced MRI using the established Macdonald criteria.** All
determinations of objective response or absence of progression required stable or decreasing
corticosteroid dosing. Patients with no measurable disease were not eligible for response
assessment, only determination of PFS. Complete response (CR) required complete resolution of all
lesions; whereas partial response (PR) required a > 50% reduction of total tumor area in the absence
of any enlargement of a tumor in the case of disseminated disease. Additional secondary endpoints

included overall survival, adverse event profile and tolerability, and longitudinal changes in MDASI
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(BT or SP) and KPS scores. Demographic and tumor data collected included age, gender, race,

histology disease, and histology grade.

Statistical methods

Survival and Cox regression analysis. Data were summarized using standard descriptive
statistics such as mean, standard deviation, median, and range for continuous variables; and
frequency and proportion for categorical variables. Overall survival (OS) was defined as the time
from first treatment until death from any cause. PFS was defined as the time from first treatment
until objective tumor progression or death, whichever happened first. A patient would be censored
if he/she was progression-free without an event occurrence at last follow-up. OS and PFS times were
estimated using the Kaplan-Meier method and the comparison between or among patients’
characteristics groups was evaluated by log-rank test. Both univariate and multivariate Cox
regression models were applied to assess the effect of covariates of interest, which include
preselected symptom subscales, on OS and PFS. All computations were carried out in SAS 9.3 (SAS

Institute Inc., Cary, NC, USA) and R 3.4.0.

Analysis of patient-reported outcomes

Received MDASI-BT and MDASI-SP forms were considered valid if they fell within 1 week of
the scheduled assessment. Descriptive statistics were used to describe how patients rate symptom
severity and interference with function at each time point. Mean severity of the MDASI-BT or
MDASI-SP and mean symptom interference were calculated at the time of clinical evaluation. Brain
symptom factors included affective, cognitive, neurologic, treatment-related, related to general
disease, or gastrointestinal effects. Six categories of individual symptoms included: affective (fatigue,

disturbed sleep, feeling distressed, feeling sad, irritability); cognitive (difficulty remembering,

10
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difficulty understanding, difficulty speaking, difficulty concentrating); neurologic (pain,
numbness/tingling, weakness on one side of body, seizure); treatment-related (lack of appetite,
feeling drowsy, dry mouth); related to general disease (shortness of breath, vision, change in

appearance, change in bowel pattern); or related to gastrointestinal effects (nausea, vomiting).

Spine categories of symptoms included: disease-related, (pain, fatigue, disturbed sleep,
feeling drowsy, numbness/tingling, radiating spine pain, weakness in arms/legs/trunk); related to
autonomic function (loss of control of bladder or bowel, change in bowel pattern, sexual
dysfunction); constitutional (nausea, shortness of breath, difficulty remembering, lack of appetite,
dry mouth, vomiting); and emotional (feeling distressed, feeling sad). Interference scales were
activity-related (general activity, work, walking), or mood-related (mood, relations with others,
enjoyment of life). For the univariate Cox regression analysis, baseline activity-related interference
for all patients, baseline cognitive and neurologic subscales for brain tumor patients, and baseline

disease and autonomic subscales for spine patients were included as covariates of interest.

All patients with at least one valid questionnaire were included in the analyses. Differences
of at least 1 point were classified as the minimum clinically meaningful change in the symptom
severity and symptom interference measures. For example, an increase of 2 points or more would
mean a moderate improvement, whereas a decrease of 2 points or more would be interpreted as
moderate worsening. For individual symptomes, a rise in a symptom score means deterioration,
whereas a reduced score means improvement of the specific symptom. The percentage of patients
reporting each symptom as moderate-severe (rating = 5) was found at each timepoint. The percent

change between baseline and subsequent cycles was calculated and graphed.

KPS was assessed by the examiner at each timepoint. Change in KPS was categorized as
“improved” (2 10-point increase), “no change” (remained the same), and “worsened” (> 10-point

decrease).

11
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Results

Patient population

A total of 58 patients were recruited. Eight patients who were not treated under the
protocol were excluded from the evaluation. All 8 withdrew consent before therapy was initiated.
The 50 evaluable patients included 28 females and 22 males; the majority of the patients were white
(86%). Characteristics of the treated patient population are provided in Table 1.In brief, the median
age of the treated patients was 43.5 years with a range of 18 to 78. A majority of patients had a
histology grade of Il or lll (36.4% and 45.5%, respectively). Fifty-one percent of patients’ tumor
location was the spinal cord and 30.6% was supratentorial and anatomic location by grade is
provided in Table S1. Baseline performance status (KPS) ranged from 60 to 100, with the majority of
patients (58%) having a good KPS (90-100). As shown in Table 1, most (94%) of the patients had at
least 2 prior treatment regimens. Fourteen patients had prior chemotherapy treatments as shown in

Table S2.

Response

At the time of this analysis, the overall median follow-up time was 4.41 years, 42 patients
had documented disease progression, and 30 of 50 patients had died. The median PFS time was 7.8
months (95% Cl; 5.5, 12.2) and the median OS time was 2.25 years (95% Cl; 1.70, 3.97). As shown in
Table 2 and Figure S1, median PFS varied by tumor grade but did not reach statistical significance. A
summary of median PFS by tumor grade and tumor location is provided in Table S3 and by prior
therapies (radiation or systemic therapy) in Table S4. The 6-month and 12-month PFS rates were
55% and 38%, respectively. Objective responses were seen in 8 patients (16% ORR) with 2 complete

responses (CRs) and 6 partial responses (PRs). Additional data describing responses by both grade

12
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and tumor location is provided in Table S5. Figures 2A and 2B show a PR in a patient with
disseminated grade Ill ependymoma; although the tumor at the clival region has achieved a CR,
small spinal cord nodules remained. Figures 2C and 2D show a patient who achieved a modest
reduction in a spinal cord grade Ill ependymoma. Although, the decrease in tumor area did not reach
the required 50% reduction in area required for a PR, the patient experienced dramatic

improvement in neurologic function and pain reduction.

Univariate Cox modeling using covariates of interest, including baseline symptom subscales,
were performed for both PFS and OS. As shown in Table 2, with the exception of preselected
symptom subscales, none of the covariates, including age, gender, tumor grade, location or number
of prior therapies predicted PFS or OS. (The results of these analyses are summarized in Tables 3 and

4, respectively.)

Clinical outcomes assessments

Fifty patients completed at least one MDASI: 25 patients completed MDASI-BT and 25
completed MDASI-SP. Forty-six completed a MDASI-BT/SP at baseline. Completion rates ranged from
84% (cycle 8) to 92% (baseline and cycle 4) for the entire sample (Table S6). Among brain patients,
92% completed an assessment at baseline and ranged from 71% (cycle 10) to 100% (cycles 6 and 8).
Among spine patients, 92% completed an assessment at baseline and ranged from 75% (cycle 8) to

100% (cycle 10).

Among spine tumor patients, overall symptom burden was rated, on average, 2.3 (s.d. = 1.5)
among 23 patients at baseline. Of the 4 symptom factors, the disease-related factor was rated the
highest (mean = 3.5; s.d. = 2.1) and constitutional/treatment factor the lowest (mean =0.9; s.d. =
0.9). Overall interference was rated, on average, 3.4 (s.d. = 2.6), with activity-related interference

rated as 4.6 (s.d. = 3.1) and mood-related interference as 2.2 (s.d. = 2.3). The disease-related

13
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symptom factor was ranked first and remained so throughout the treatment cycles. Weakness in
arms/legs/trunk was ranked first among the symptoms at baseline. For the remaining treatment
cycles, fatigue was ranked first. Interference with walking was ranked first at 4 of the 7 treatment

cycles, including baseline.

In the sample of 23 spine patients, the percent who were reporting moderate-severe
symptoms decreased, most notably in symptoms pertaining to the disease-related and autonomic
factors. The percentage of patients reporting the following moderate to severe symptoms decreased
from baseline to cycle 6: pain (44% to 17%; 62% decrease), numbness/tingling(39% to 17%; 57%
decrease), radiating spine pain (29% to 8%; 71% decrease), and loss of control of bladder and/or

bowel (30% to 8%; 73% decrease) (Table S7 and Figure S2).

Eight of the patients with spinal cord ependymoma had a diagnosis of myxopapillary
ependymoma. Treatment of this group of patients with WHO Grade | tumors resulted in one partial
response and stable disease in the remainder (Supplemental Table S5). Importantly, treatment led
to decreases in the percent of patients who reported moderate-severe symptoms, most notably in
symptoms pertaining to the disease-related and autonomic factors. The percentage of patients
reporting the following moderate to severe symptoms decreased from baseline to cycle 6: pain (62%
to 33%; 47% decrease), numbness/tingling (50% to 0%; 100% decrease), radiating spine pain (43% to

17%; 60% decrease), and loss of control of bladder and/or bowel (50% to 17%; 66% decrease).

Similarly, in the sample of 11 spine patients who received at least 6 cycles of treatment, the
percent who were reporting moderate-severe symptoms decreased from baseline to cycle 6 for pain
(46% to 18%; 60% decrease), numbness/tingling (36% to 18%; 50% decrease), radiating spine pain
(33% to 9%; 73% decrease), and loss of control of bladder and/or bowel (27% to 9%; 67% decrease)
Among brain patients, the percent who were reporting moderate-severe symptoms also decreased
from baseline to cycle 6 for pain (17% to 8%; 53% decrease) and weakness on one side of body (9%

to 8%; 11% decrease) (Table S8 and Figure S3) .
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Among brain tumor patients, at baseline overall symptom burden was rated, on average, 1.4
(s.d. = 1.3) among 23 patients. Of the 6 symptom factors, the affective factor was rated the highest
(mean = 2.4; s.d. = 2.2) and gastrointestinal factor the lowest (mean = 0.5; s.d. = 1.8). Overall
interference was rated, on average, 2.5 (s.d. = 2.7), with activity-related interference rated as 2.6
(s.d. =2.8) and mood-related interference as 2.4 (s.d. = 2.7). The affective symptom factor was
ranked first and remained so throughout the treatment cycles, except at cycle 6 where it was second
to the treatment-related symptom factor. Feeling distressed was ranked first among the symptoms
at baseline. For the remaining treatment cycles, fatigue was ranked first. Interference with mood
was ranked first at baseline; however, interference with work ranked first at 4 of the 7 treatment

cycles.

There were longitudinal changes in KPS. Among spine patients, by cycle 6, 4/8 (50%) spine
patients had an improved KPS, and the remainder had an unchanged KPS. By cycle 6, 3/7 (43%) brain

patients had an improved KPS, 3/7 (43%) had an unchanged KPS, and 1/7 (14%) had a worsened KPS.

Cox regression analysis

As shown in Table 3, only the MDASI-Spine disease symptom subscale score was statistically
significantly associated with PFS. The results suggest that a 1-point increase in the disease symptom
subscale indicates a 28% lower risk of progression. Table 3 also shows that brain tumor patients who
had a 1-pointincrease in the MDASI-BT cognitive symptom subscale or the neurologic symptom

subscale have approximately a 1.5 or 2 times higher risk of death, respectively.
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Toxicity and adverse events

Grade 2-4 treatment-related adverse events are summarized in Table 5 and a complete
listing of all adverse events, regardless of attribution, is provided in Table S9. There were no
treatment-related deaths. As expected, myelotoxicity with neutropenia, leukopenia, and
thrombocytopenia were collectively the most common grade 3 and 4 adverse events. The rate of
myelotoxicity was markedly reduced after altering the protocol to consider escalating the
temozolomide dosing after 2 cycles of treatment. As summarized in Table S10, disease progression
was the most common cause of early treatment cessation (62%). Among 7 patients who stopped

treatment because of treatment-related toxicities, rash was the most common reason (6/7).

Discussion

This study combined dose-dense temozolomide to modulate MGMT and lapatinib to target
EGFR and HER2. Both treatments are orally administered, providing not only flexibility of dosing
schedules, but also, importantly, minimizing the number of visits to the participating centers; a key
concern for rare disease studies where the geographic distribution of patients may be extensive and

frequent medical visits impractical.

The early discovery of cycle 2 temozolomide-related myelotoxicity after cycle 1 dose
escalation led to a protocol amendment that only escalated if the first 2 cycles showed no
hematologic toxicity. This reduced the number of hematologic adverse events. Although most
patients had some side effects, these uncommonly led to treatment cessation (7 patients), but most
of this was due to lapatinib-associated skin rash. Importantly, hepatic toxicity was uncommon and
routine monitoring of cardiac function using echocardiography showed no evidence of cardiac

toxicity, a potential concern with the extended use of lapatinib. Interestingly, diarrhea that is
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common with lapatinib was infrequent, a toxicity that may have been modulated by the constipating

effects of temozolomide.

The treatment regimen had clear anti-tumor activity. This was evident from both the
objective responses in 16% of patients including 2 CRs as well as disease stabilization that led to
notable 6- and 12-month PFS rates of 62% and 38% respectively. This disease control was associated
with either stabilization or improvement of both performance status as measured by KPS and more
precisely, measures of symptom burden using the MDASI-BT or SP modules. Not only did the
majority of patients have stable symptoms, many had a reduction in several disease-related
symptoms. Notably, while disease-related symptoms improved, these patients frequently had some
worsening in treatment-related symptoms, indicating that the improved disease symptom scores
were accurate assessments of individual symptoms and not related to a “global” sense of well-being.
Therefore, the combination of objective responses with the symptom stabilizing or improving
disease control rate strongly suggests that the combination regimen of dose-dense temozolomide
and lapatinib is an effective regimen and should be considered as a standard treatment for adult
patients with recurrent ependymoma. Although comparable results were reported by Ruda et al
from a retrospective series of patients with recurrent ependymoma treated with single agent
temozolomide, comparison is difficult as their series included only patients without prior
chemotherapy treatment.' In the current study, nearly one third of the patients had prior

chemotherapy and most had 2 or more prior disease recurrences.

As mentioned previously, there have been several seminal discoveries in ependymoma that
have led to a new classification scheme that contains at least 9 subtypes. The protocol included
collection of archived tumor tissue with the plan to look for predictive markers of response such as
HER2 and EGFR expression. Unfortunately, although all enrolled patients had central review of
histopathology to confirm the diagnosis of ependymoma, additional tumor tissue was available for

only 26 patients. Attempts were made to assess HER2 expression by immunohistochemistry, which
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was uninterpretable as this protein remains intracellularly rather than the classic membrane location
in other cancers, notably breast cancer. Furthermore, attempts to isolate RNA for gene array analysis
were unsuccessful for technical reasons and did not yield adequate amounts for gene expression

studies.

In summary, the combination of temozolomide and lapatinib showed efficacy in a diverse
group of patients with ependymoma. All tumor locations, histologies, and grades appeared to have
some benefit although the higher-grade tumors, as expected, had a shorter duration of disease
control. Importantly, this clinical trial clearly demonstrates the importance of routine and mandatory
collection of Clinical Outcomes Assessments (COAs), as these demonstrated that the achievement of
disease stability, such as PFS, was associated with clinical benefit. The determination of
improvement in patient outcomes measures, particularly inindolent tumors (grade | or II), helps to
demonstrate that the disease stability was likely related to treatment efficacy. Future studies of CNS
tumors, particularly those that are indolent and with variable growth rates, should include

comparable COAs to enable better interpretation of stable disease.

While the designation of ependymoma is increasingly more complex, our results support the
use of the temozolomide-lapatinib combination for recurrent disease. However, at the current time
there are no data supporting the use of this regimen either as an adjuvant treatment after radiation
or alone after surgical resection. Studies are planned to conduct comprehensive molecular analysis
of tumors'in future prospective clinical trials to test the hypothesis that tumor expression of HER2

and/or EGFR predict response to the combination of temozolomide plus a dual HER2/EGFR inhibitor.
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Figure Legends

Downloaded from https://academic.oup.com/neuro-oncology/advance-article/doi/10.1093/neuonc/noaa240/5934559 by Henry Ford Hospital / Sladen Library user on 13 November 2020

Figure 1: Examples of Imaging Response
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Table 1

Summary of patient characteristics

Category Levels N (%)

Patients 50 (100%)

Age <45 26 (52%)
>45 24 (48%)

Gender Female 28 (56%)
Male 22 (44%)

Race White 43 (91.5%)
American Indian/Alaskan Native 1 (2.1%)
Black 2 (4.3%)
Other 1 (2.1%)
Unknown 3

Prior treatment of any modality Yes 50 (100%)

Prior radiotherapy No 3 (6%)
Yes 47 (94%)

Prior systemic therapy No 36 (72%)
Yes 14 (28%)

Prior surgery Yes 50 (100%)

Number of prior treatments 1 3 (6%)
2 33 (66%)
>3 14 (28%)

Histology grade Grade | 8 (18.2%)
Grade Il 16 (36.4%)
Grade Il 20 (45.5%)
Unknown 6

Tumor location Spinal cord 25 (51%)
Supratentorial 15 (30.6%)
Infratentorial 8 (16.3%)
Multiple regions* 2 (4%)

Performance status 60-70 11 (22%)
80 10 (20%)
90 19 (38%)
100 10 (20%)

*Multiple locations indicates that there were tumors located in multiple compartments at the time

of diagnosis preventing the determination of the site of origin
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Table 2

Summary of progression free survival (PFS) and overall survival (OS)

Survival . Median Time
. Levels Total Failed Censored 95% Cl
Analysis (vears)
PFS Overall 50 42 8 0.65 0.46 1.02
Histologic
| 8 6 2 1.02 0.46 3.82
grade
Il 16 12 4 0.90 0.34 2.19
I 20 18 2 0.47 0.15 1.36
Tumor location Infratentorial 8 7 1 0.43 0.14 1.70
Spinal cord 25 18 7 0.90 0.46 1.84
Supratentorial 15 15 0 0.47 0.15 1.87
Multiple
. 2 2 0 0.46
regions
oS Overall 50 30 20 2.25 1.70 3.97
Histologic
| 8 4 4 3.97 1.50
Grade
Il 16 8 8 2.37 0.60
1] 20 15 5 1.76 0.85 2.92
Tumor .
) Infratentorial 8 5 3 2.04 0.40
Location
Spinal cord 25 12 13 3.63 1.76
Supratentorial 15 11 4 2.02 0.74 2.92
Multiple
. 2 2 0 1.22
regions
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Table 3

Summary of univariate Cox modeling of covariates for progression-free survival

) Hazard p-
Covariate Level ) 95% Cl
Ratio value
Age <45vs. 245 0.97 .0.52 1.79 0.9186
Gender Female vs. male 0.72 039 135 0.3051
Race Non-White vs. White 0.82 0.29 2.32 0.7033
Histology grade Grade | vs. grade IIl/1V 0.60 0.24 1.52 0.2803
Grade Il vs. grade llI/1V 0.70 0.34 1.47 0.3484
Histology grade Grade I/Il vs. grade llI/IV 0.67 035 1.28 0.2241
. Infratentorial vs. spinal
Tumor location 1.77 0.73 4.27 0.2067
cord
Multiple regions* vs.
. 2.60 0.34 20.11 0.3606
spinal cord
Supratentorial vs. spinal
1.77 0.88 3.55 0.1099
cord
Karnofsky Performance Status 60-70 vs. 100 0.52 0.20 1.32 0.1669
80 vs. 100 0.89 036 217 0.7968
90 vs. 100 0.41 0.18 0.95 0.0368
Karnofsky Performance Status 60-80 vs. 90-100 1.20 0.64 2.25 0.5617
Number of prior treatments 1lvs.3 1.92 053 7.03 0.3234
2vs. 3 1.18 0.58 2.38 0.6467
Age 099 097 101 0.4115
MDASI-BT/SP
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Baseline activity-related interference
score

Baseline cognitive score
Baseline neurologic score
Baseline disease score

Baseline autonomic score

0-10

0-10

0-10

0-10

0-10

0.98

1.34

1.20

0.72

0.88

0.88

0.93

0.77

0.55

0.71

1.11

1.95

1.87

0.94

1.10

0.8056

0.1171

0.4097

0.0178

0.2628

*Multiple locations indicates that there were tumors located in multiple compartmentsat the time

of diagnosis preventing the determination of the site of origin
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Table 4

Summary of univariate Cox modeling of covariates for overall survival

. Hazard p-
Covariate Level ) 95% Cl
Ratio value
Age <45 vs. 245 0.47 0.22 1.01 0.0531
Gender Female vs. male 110 053 2.29 0.7916
Race Non-White vs. White 0.37 0.05 2.72 0.3272
Histology grade Grade | vs. grade I 048 0.16 1.46 0.1936
Grade Il vs. grade lll 054 0.23 1.29 0.1682
Histology grade Grade I/ll.vs. grade IlI 0.52 0.24 1.12 0.0958
. Infratentorial vs. spinal
Tumor location 1.81 0.63 5.21 0.2739
cord
Multiple regions* vs.
. 493 0.60 40.16 0.1364
spinal cord
Supratentorial vs. spinal
1.89 0.83 4.32 0.1321
cord
Karnofsky Performance Status 60-70 vs. 100 153 049 4.85 0.4663
80 vs. 100 190 0.62 5.83 0.2625
90 vs. 100 1.02 0.35 298 0.9735
Karnofsky Performance Status 60-80 vs. 90-100 1.69 082 346 0.1534
Number of prior treatments 1lvs.3 092 0.12 7.41 0.9405
2vs.3 0.86 0.39 190 0.7063
Age 1.01 0.99 1.04 0.2598
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MDASI-BT/SP

Baseline activity-related interference
score

Baseline cognitive score
Baseline neurologic score
Baseline disease score

Baseline autonomic score

0-10

0-10

0-10

0-10

0-10

1.09

1.54

2.14

0.87

1.00

0.95

1.07

1.22

0.63

0.78

1.24

2.22

3.76

1.20

1.29

0.2112

0.0212

0.0081

0.4052

0.9936

*Multiple locations indicates that there were tumors located in multiple compartments at the time

of diagnosis preventing the determination of the site of origin
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Table 5

Serious treatment-related adverse events

CTCAE* Category Grade Il Grade Il Grade IV
Anorexia 5 0 0
Constipation 4 0 0
Diarrhea 2 0 0
Nausea/vomiting 9 0 0
Fatigue 8 1 0
Rash 18 6 0
Anemia 18 3 0
Leukopenia 61 11 0
Neutropenia 31 7 0
Thrombocytopenia 15 5 2
Infection 11 3 0
Thrombosis 0 1 1

*Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0
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D. After 8 cycles of treatment

A. Pretreatment
C. At study entry'

Examples of Imaging Response

Figure 1
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