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Abstract

Objectives—Small cell lung cancers (SCLCs) are characterized by aberrantly-methylated Q-
methyl-guanine-DNA methyltransferase (MGMT). Epigenetic silencing of MGMT is associated
with loss of MGMT activity and improved sensitivity to alkylating agents in glioblastomas. We
have reported the activity of temozolomide, a non-classical alkylating agent, in patients with
relapsed sensitive or refractory SCLCs, given at 75 mg/m?/day for 21 of 28 days. However,
prolonged myelosuppression was noted. We therefore evaluated a 5-day dosing schedule of
temozolomide and examined MGMT as a predictive biomarker for temozolomide treatment in
SCLC.

Materials and Methods—~Patients with sensitive or refractory SCLCs and progression after one
or two prior chemotherapy regimens received temozolomide 200 mg/m?2/day for 5 consecutive
days in 28-day cycles. The primary endpoint was tolerability. We also assessed MGMT promoter
methylation status by PCR and MGMT expression by immunohistochemistry in tumor specimens.
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Results—Of 25 patients enrolled, 5 experienced grade 3 or 4 toxicity (anemia,
thrombocytopenia, neutropenia, and constipation). The partial response rate was 12% [95% CI: 3-
31%], with partial responses in 2 refractory patients. We were able to obtain tumor samples for
more than half of patients for MGMT testing.

Conclusion—Temozolomide 200 mg/m?/day for 5 days in 28-day cycles is tolerable and active
in patients with relapsed SCLCs. No treatment-limiting prolonged cytopenias were observed,
making this our preferred schedule for further studies. Acquisition of archived biospecimens is
feasible and necessary in order to continue evaluating the role of MGMT as a predictive biomarker
in SCLCs.
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Introduction

Only topotecan is FDA approved for the 2™ line treatment of small cell lung cancers
(SCLCs).1-3 Since alkylating agents have efficacy in this disease, we studied temozolomide,
which has higher central nervous system (CNS) penetration than other drugs in its class.
Further, aberrant methylation of the OB-methyl-guanine-DNA methyltransferase (MGMT)
has been demonstrated in SCLCs, which leads to loss of MGMT activity and improved
sensitivity to alkylating agents in gliomablastomas.* °

Three schedules of temozolomide are used to treat recurrent glioblastoma: 200 mg/m? per
day for 5 days®, 75 mg/m? per day for 21 days every 28 days’, and 150 mg/m? per day every
other week.8 We initially chose the 21 day dosing schedule for our Phase 11 study.® While
there was a 20% response rate [95% ClI, 11-32%], 11% of patients experienced prolonged
thrombocytopenia and neutropenia. To avoid prolonged myelosuppression, we evaluated the
5-day dosing schedule in 25 patients with SCLCs. We also examined tissue to determine if
MGMT methylation and/or MGMT expression predicted response to temozolomide in
patients with SCLCs.9-14

Materials and Methods

This was a single-center study enrolling patients with relapsed sensitive SCLCs (S-SCLCs,
progression or relapse =60 days after first-line chemotherapy)?® and refractory SCLCs (R-
SCLCs, progression during initial therapy or <60 days after first-line treatment). Prior
therapies were restricted to <2 lines. Other eligibility criteria included Karnofsky
Performance Status of 260%, measurable disease according to the Response Evaluation
Criteria in Solid Tumors (RECIST) 1.01°, and adequate liver, kidney, and bone marrow
function. Patients with brain metastases were eligible but those with leptomeningeal disease
were not. This study was approved by our Institutional Review Board and registered at
www.clinicaltrials.gov (NCT00740636) and all patients provided written informed consent.

Patients received temozolomide 200 mg/m?/day orally on days 1-5 of each 28-day cycle and
ondansetron 8 mg orally 30 minutes before temozolomide. Therapy was continued until
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unacceptable toxicity, progression of disease, or withdrawal of consent. Two dose
reductions were permitted (150 mg/m2/day and 100 mg/m#/day) in the event of grade 3/4
toxicity. Temozolomide was stopped if a toxicity did not resolve within 21 days, a grade 3
non-hematologic adverse event recurred, or any grade 4 non-hematologic toxicity occurred.
Patients with grade =3 lymphopenia were given prophylaxis for pneumocystis carinii
pneumonia.

Toxicity was assessed using the National Cancer Institute Common Toxicity Criteria version
3.0. Response was evaluated using RECIST 1.0 with CT scans of the chest and other
relevant sites at the end of cycles 1 and 2, and every 2 cycles thereafter. Wherever available,
archival tissue samples from patients were evaluated for MGMT promoter methylation by
PCR and MGMT expression by immunohistochemistry.?

The primary endpoint was the toxicity of the regimen. The acceptable rate of severe toxicity,
defined as = grade 3 toxicity (excluding lymphopenia), was 10% and the unacceptable
severe toxicity rate was 40%. If =3 patients experienced severe toxicity among the first 10
enrolled, =5 among the first 20 patients, or =6 among the 25 patients, the trial would close.
This design ensured a <10% probability of stopping the trial if the true toxicity rate was 10%
or less and >95% probability of stopping the trial if the true toxicity rate was 40% or higher.

Secondary endpoints included overall response rate [ORR: complete response (CR) plus
partial response (PR)], overall survival (OS), and time to progression (TTP); response rates
in patient groups stratified by second- or third-line treatment, and presence or absence of
brain metastases; and presence of MGMT promoter hypermethylation by PCR and MGMT
expression by immunohistochemistry in available tumor samples.

Over 12 months, we enrolled 25 patients (16 relapsed sensitive and 9 refractory). Baseline
characteristics are listed in Table 1. Fifteen patients (60%) received one prior line of therapy
and 10 (40%) received two prior lines of therapy. Ten patients had new or progressive brain
metastases, including two patients previously treated with whole brain radiation therapy
(WBRT). The median number of cycles administered was one (range 0.2 to 9 cycles).
Reasons for discontinuation of temozolomide were disease progression (N=19), intercurrent
illness/symptomatic deterioration (N=5), and toxicity (N=1).

Table 2 lists the most common treatment-related toxicities. Five patients experienced grade
3 or 4 treatment-related toxicity (excluding lymphopenia but including anemia,
thrombocytopenia, neutropenia, and constipation). Grade 3 and 4 thrombocytopenia
occurred in 4 patients with a median duration of 12 days (range 7-14 days). Lymphopenia
due to temozolomide was quite common: grade 3 in 17 patients (68%) and grade 4 in 2
patients (8%). However, further therapy was not limited by cytopenias and no bleeding
events occurred. The only grade 3 or 4 non-hematologic toxicity was grade 3 constipation in
one patient and may have been due to the ondansetron taken before temozolomide doses.
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One patient came off study for altered mental status due to radiation necrosis from whole
brain radiation therapy received prior to enrollment. There were no treatment related deaths.

Two patients were inevaluable due to the lack of repeat disease assessment imaging. One
patient died of disease prior to repeat imaging after receiving two doses of temozolomide.
Another patient died of acute respiratory failure secondary to pneumonia and pulmonary

embolism that were deemed unrelated to temozolomide treatment.

The overall partial response rate was 12% [3/25; 95% CI: 3-31%], two in patients with

refractory SCLCs and one in a sensitive relapse patient. An additional eight patients had
stable disease for a median of 2 cycles (range 1-5). Figure 1 shows the best response of
indicator lesions for the 23 evaluable patients.

Of the eight patients with target lesions in the brain, four had stable brain lesions [50%, 95%
Cl: 16-84%], and three had progression in the brain [38%, 95% CI: 9-76%]. The median
time to progression and overall survival for all treated patients were 1.8 months [95% ClI:
0.9-3.5 months] and 5.8 months [95% CI: 3.3-9.8 months], respectively. One-year overall
survival was 26% [95% ClI: 11-45%].

MGMT Analyses

Archival tissue was available to assess MGMT expression by immunohistochemistry in 52%
(13 of 25) of patients. One (8%) was MGMT-negative by immunohistochemistry and
experienced a partial response. Eight specimens were also tested for the presence of MGMT
promoter methylation by PCR. Seven had evidence of promoter methylation and, of these, 1
[14%, 95% CI: 0-40%] had a partial response.

Discussion

This study assessed the toxicity of a 5-day dosing regimen of temozolomide in patients with
relapsed SCLCs. The primary end-point of this trial was met with only 5 patients
experiencing grade 3 or 4 treatment-related toxicity (excluding lymphopenia as per
prespecified trial endpoint). Overall, temozolomide was well-tolerated and toxicities were
mild. Responses were noted in 12% of patients [95% CIl: 3-31%]. Two patients with
refractory SCLCs and one patient with relapsed sensitive SCLC had partial responses.
However, despite the known efficacy of temozolomide in brain tumors, no responses were
noted in the brain in this patient cohort, which differs from our previous experience.

Only promoter methylation of MGMT has been validated as a biomarker for temozolomide
therapy in gliomablastomas. In order to explore the possible validity of MGMT promaoter
methylation and/or MGMT expression as a predictive biomarker for temozolomide therapy
in SCLCs, we obtained archival tissue in more than half of patients. Unfortunately, the small
sample size limits our assessment. Furthermore, we do not have any information on changes
in MGMT expression and/or MGMT promoter methylation between initial therapy and
recurrent disease. While we treated patients with recurrent disease, we only had archival
tissue from initial diagnosis available for testing and changes in MGMT over time, during
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therapy, or with recurrence may occur. MGMT remains an intriguing possible biomarker
worthy of furtherstudy.

A comparison of the toxicities observed with the 5-day and 21-day dosing regimens is noted
in Table 3.% The 5-day regimen resulted in less non-hematologic toxicity, without any grade
3 or 4 fatigue or rash as observed in the 21-day schedule of temozolomide. Anemia and
neutropenia were similar with the two dosing regimens. Although the observed incidence of
thrombocytopenia was higher in the 5-day regimen, the duration of this adverse effect was
shorter and did not prohibit further therapy like it did with the 21-day dosing schedule,
where 11% of patients could receive no further therapy due to persistent cytopenias.® The
overall response rate for the two regimens was similar (5-day dosing 12% [95% CI: 3-31%]
versus 21-day dosing 20% [95% ClI: 11-32%]) and comparable to other studies in patients
with relapsed SCLCs. Notably, the proportion of patients with sensitive SCLCs in the 21-
day dosing trial was higher than in the 5-day dosing study (75% versus 64%) which may
have contributed to the observed difference in response rate. Based on this, we recommend
the 5-day schedule in ongoing studies.

The addition of a second agent targeting DNA repair may potentiate the activity of
temozolomide and possibly overcome resistance. Preclinical data suggest that poly-ADP
ribose polymerase-1 (PARP-1) may interfere with temozolomide’s activity by repairing
alkylated bases. In combination with the PARP-1 inhibitor valiparib, temozolomide causes
anti-tumor responses in lung cancer models.16 We are exploring this combination in a phase
Il multicenter, double-blind, randomized trial of temozolomide with or without valiparib
(www.clinicaltrials.gov, NCT01638546). This trial will further explore MGMT promoter
methylation and MGMT expression as possible predictive biomarkers in this larger cohort.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Baseline Characteristics

Characteristic | Total (v=25)
Median age (range) | 62 (35-84)
Men 9 (36%)
Women 16 (64%)

Karnofsky performance status
>90% 5 (20%)
80% 9 (36%)
70% 7 (28%)
60% 4 (16%)
Stage at diagnosis (%)
Limited 7 (28%)
Extensive 18 (72%)
Sensitive 16 (64%)
Refractory 9 (36%)
Previous lines of therapy
One@ 15 (60%)
Twob 10 (40%)
Brain metastases 10 (40%)

a_. . : . . . . . I . .
First-line treatment was a platinum/etoposide doublet except for 3 patients: 1 received platinum/etoposide with irinotecan, 1 received platinum

and irinotecan, and 1 received platinum/etoposide and IMC-A12.

bSecond—line treatments included rechallenge with platinum/etoposide (N=3), cyclophosphamide/doxorubicin/vincristine (N=3), topotecan (N=2),

taxanes (N=1), and platinum with irinotecan (N=1).
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Table 2
Treatment Related Toxicities
Gradel | Grade2 | Grade3 | Grade4

N (%) N (%) N (%) N (%)
Thrombocytopenia 7 (28) 1(4) 1(4) 3(12)
Constipation 5 (20) 3(12) 1(4) 0 (0)
Anemia 6 (24) 1(4) 1(4) 0 (0)
Nausea 6 (24) 2(8) 0(0) 0(0)
Transaminitis 6 (24) 1(4) 0 (0) 0 (0)
Vomiting 3(12) 2(8) 0(0) 0(0)
Fatigue 5 (20) 0(0) 0 (0) 0 (0)
Anorexia 3(12) 0(0) 0(0) 0(0)
Neutropenia 0 (0) 0(0) 1(4) 1(4)
Pruritus 0(0) 1(4) 0(0) 0(0)
Sensory neuropathy 0 (0) 1(4) 0 (0) 0 (0)
Rash 1(4) 0(0) 0(0) 0(0)
Mucositis 1(4) 0(0) 0 (0) 0 (0)
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Some patients experienced multiple toxicities. Highest grade of a toxicity experienced by a patient during the study is reported. All grade 3 and 4
toxicities were experienced by 5 patients.
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Comparison of Grade 3 and 4 Toxicity with Different Dosing Regimens of Temozolomide

Table 3

5-day regimen (N=25) | 21-day regimen (N=64)

N (%) N (%)
Thrombocytopenia 4 (16) 6 (10)
Neutropenia 2(8) 3(5)
Anemia 1(4) 2(3)
Fatigue 0(0) 2(3)
Rash 0 (0) 2(3)
Constipation 1(4) 0 (0)
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