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/ABSTRACT

Background. Patients with advanced lung neuroendocrine
neoplasms (NENs) have few treatment options. Capecitabine
and temozolomide have recently showed significant activity
in patients with pancreatic neuroendocrine tumors (NETSs),
but data in lung NETSs are limited.

Methods. We retrospectively reviewed the records of patients
treated at a large referral center to identify patients seen
between January 2008 and September 2018 with metastatic
lung NENs who received treatment with capecitabine and
temozolomide (CAPTEM). Patients with small cell lung cancer
were excluded. The primary endpoint was overall response
rate per RECIST 1.1. Secondary endpoints included progres-
sion-free survival, overall survival, and toxicity.

Results. Twenty patients were identified who received treat-
ment with capecitabine and temozolomide. Fourteen (70%)
had typical lung NETs, five had (25%) atypical carcinoids, and

one (5%) had disease defined as a large-cell neuroendocrine
carcinoma. Nineteen patients were evaluable for response. Six
(30%) patients exhibited a best response of partial response
per RECIST 1.1 criteria, 11 (55%) stable disease, and 2 (10%)
progressive disease; objective response rate was 30%, and dis-
ease control rate was 85%. Eleven patients eventually prog-
ressed, only six of whom exhibited progression per RECIST 1.1
criteria. Median progression-free survival was 13 months (95%
confidence interval [Cl], 4.4-21.6 months). Median overall sur-
vival was 68 months (95% Cl, 35.3—100.7 months). Toxicity
profile was mild with mainly grade 1, expected toxicities. Six
patients required dose reduction because of toxicity.
Conclusion. The CAPTEM regimen is associated with a high
response rate and a relatively tolerable toxicity profile in
lung NENs. This regimen warrants further exploration in a
prospective clinical trial. The Oncologist 2020;25:e48-e52

Implications for Practice: Patients with advanced lung neuroendocrine neoplasms have very few systemic treatment
options. The capecitabine and temozolomide regimen has previously shown significant activity in patients with pancreatic
neuroendocrine tumors (NETs) but has not been explored in metastatic lung NETs. This study showed that this regimen is

associated with a high response rate (30%) and a relatively tolerable toxicity profile in this population.

INTRODUCTION

Lung neuroendocrine neoplasms (NENs) are a heterogenous
group of tumors that comprise approximately 20% of all lung
cancers and approximately 25% of neuroendocrine tumors.
Lung NENs are comprised of four subtypes: typical carcinoids,
atypical carcinoids, large-cell neuroendocrine carcinomas
(LCNECs), and small cell lung carcinomas (SCLCs) [1, 2].
Tumor grade and mitotic count are important prognostic fac-
tors. Typical carcinoid tumors, defined as low-grade neuroen-
docrine tumors (NETs) with a mitotic count of fewer than
two per ten high power fields (HPFs) and no necrosis, are
generally slow growing. Atypical carcinoid tumors (intermedi-
ate-grade lung NETs) are rarer and more aggressive than

typical carcinoids, with a mitotic count of two to ten per HPF
and focal necrosis. LCNECs are much more aggressive NENs
with a mitotic count of more than ten mitoses per HPF and
cytologic features of a large-cell carcinoma. SCLCs, the most
aggressive of the four subgroups, make up approximately
13% of all lung cancers and generally have a very high mitotic
rate as well as a Ki-67 proliferation index of more than
70% [2].

Although the therapeutic landscape for gastroentero-
pancreatic neuroendocrine tumors (GEP-NETs) has signifi-
cantly improved over the past decade, patients with
advanced lung NENs have few treatment options. Everolimus
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is approved for metastatic typical and atypical carcinoid
tumors, and platinum-based chemotherapy (generally either
cisplatin or carboplatin with etoposide) is used for SCLC and
LCNEC. Somatostatin analogs are often used in somatostatin-
receptor positive typical and atypical carcinoid tumors,
but randomized prospective studies are lacking in this
population. Although peptide receptor radiotherapy with
177 y-dotatate was approved for GEP-NETs, the U.S. Food
and Drug Administration approval did not encompass bron-
chopulmonary NENs [3].

Treatment with capecitabine and temozolomide (CAPTEM)
has shown significant activity in patients with pancreatic NETs
with reported objective response rates ranging from 33% to
70% and median progression-free survival ranging from
18 months to 22.7 months, respectively [4-6]. Moreover, the
combination of CAPTEM demonstrated superior progression-
free survival (PFS) as well as overall survival (OS) compared
with temozolomide monotherapy in a randomized prospective
study of patients with progressive pancreatic NETs, thereby
establishing CAPTEM as a standard of care in this disease.
Temozolomide monotherapy has shown modest activity in
lung NENSs. In a retrospective study of 31 lung NETs (including
14 typical and 15 atypical carcinoid tumors), a partial response
(PR) was observed in three patients (14%), and the median
PFS was 5.3 months [7]. To our knowledge, there are no publi-
shed data on use of CAPTEM in lung NENS.

SuBJECTS, MATERIALS, AND METHODS

We reviewed the records of patients seen between January
2008 and September 2018 with metastatic lung NENs who
received treatment at Moffitt Cancer Center with CAPTEM.
Patients with SCLC were excluded. Patients who were followed
only at outside institutions after the initial chemotherapy pre-
scription were also excluded. The study protocol was approved
by the local institutional review board.

Data Collection

Demographic and pathological data were collected from
each patient, including date and stage of initial diagnosis,
histologic grade, Ki-67 proliferation and mitotic count, pri-
mary disease site, oncologic therapy history, toxicity during
treatment, dose reductions and modifications, most recent
follow-up date, vital status, and date of death. Dates of all
interventions and therapies were also collected, along with
dates of progression on said therapies. Scans were read
independently by a radiologist (B.M.).

Statistical Analysis

PFS was defined as time from initiation of treatment to
either clinical progression or radiographic progression per
RECIST 1.1 (whichever shortest), or death because of any
cause. OS was measured from date of initial diagnosis until
death from any cause or last known follow-up. Survival cur-
ves were estimated using the Kaplan-Meier method and
compared by the log-rank test. Exact 95% confidence inter-
vals (Cls) were calculated for each proportion of interest. All
statistical analyses were performed using SPSS version 25.
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Table 1. Patient demographic and tumor characteristics

Characteristics n (%)
Gender

Male 10 (50)

Female 10 (50)
Age, years

49-60 8 (40)

61-75 8 (40)

75+ 4 (20)
Histologic subtype

Typical NET 14 (70)

Atypical NET 5 (25)

LCNEC 1(5)
Ki-67 proliferation index

2% 5 (25)

3-20% 8 (40)

>20% 1(5)

Unknown 6 (30)
Number of prior lines of systemic treatment

0 4 (20)

1-3 14 (70)

4-6 2 (10)
Number of prior local interventions

0 12 (60)

1 6 (30)

2 2 (10)

Abbreviations: LCNEC, large-cell neuroendocrine carcinoma; NET,
neuroendocrine tumor.

REsuLTS

Patient and Tumor Characteristics

Table 1 presents the demographics and tumor characteris-
tics of the 20 patients on the study. Overall, the majority of
patients had either typical lung NETs (n = 14, 70%) or atypi-
cal lung NETs (n =5, 25%). One patient was described as
having a large-cell neuroendocrine carcinoma. Ki-67% prolif-
eration index was reported in 14 cases and ranged from 1%
to 41%, with two cases in the high-grade range (Ki-67
index >20%).

Prior Treatments

The majority of patients (n = 16, 80%) had received at least
one prior line of systemic treatment, with a median of two
prior systemic treatments (range 0-6). Only four patients
had not received any prior systemic therapy. Prior therapies
included somatostatin analogs (n = 14, 70%), everolimus
(n =8, 40%), cytotoxic chemotherapy (n =5, 25%), clinical
trial drugs (n = 4, 20%), peptide receptor radiotherapy (n =1,
5%), and sunitinib (n =1, 5%). Nine patients (45%) had a
baseline surgical resection, and 10 (50%) underwent subse-
guent locoregional treatment for thoracic disease or for
treatment of liver metastases: radiation (n = 3, 15%), hepatic
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Table 2. Treatment-related adverse events (per Common Terminology Criteria for Adverse Events, version 4.03)

Adverse event

Grade 1, n (%)

Grade 2,n (%) Grade 3,n (%) Grade 4, n (%)

Gastrointestinal disorders

Nausea 4 (20) 1(5)
Vomiting 2 (10)
Diarrhea 2 (10) 1(5)
Constipation 1(5)
Abdominal pain 1(5) 1(5)
General disorders and administration site conditions
Fatigue 5 (25) 2 (10)
Blood and lymphatic system disorders
Platelet count decreased 2 (10) 2 (10)
Anemia 1(5)

Musculoskeletal and connective tissue disorders: Arthralgia 1 (5)

Skin and subcutaneous tissue disorders

Pruritus 1(5)

Palmar-plantar erythrodysesthesia syndrome 2 (10) 1(5)

Rash maculo-papular 1(5)
Other

Insomnia 1(5)

Anorexia 1(5)

arterial embolization (n =6, 30%), and microwave ablation
(n =1, 5%). All patients were actively progressing at time of
treatment initiation.

Dosing

Patients were treated on a regimen consisting of cap-
ecitabine 750 mg/m? b.i.d. days 1-14 and temozolomide
200 mg/m? days 10-14 every 28 days (with ondansetron
administered 30—60 minutes prior to temozolomide). Starting
doses were generally rounded down to minimize the
number of tablets and occasionally reduced at outset
because of factors such as patient age or frailty. The aver-
age daily starting dose of capecitabine was 1,115 mg/m?
(or 558 mg/m? b.i.d.), and the average starting dose of
temozolomide was 170 mg/m?> The median daily starting
dose of capecitabine was 1,250 mg/m2 in divided doses, and
the median starting dose of temozolomide was 175 mg/m?>.
None of the patients required subsequent dose reductions
greater than 25% because of treatment related toxicity.
Patients remained on treatment for a median of 7.5 months
(mean 9.15 months; range 0—30 months).

Toxicity and Discontinuation

Table 2 outlines the treatment related adverse events experi-
enced by patients during treatment, graded per Common
Terminology Criteria for Adverse Events, version 4.03. Over-
all, there were a total of 33 clinically significant drug related
adverse events, the majority of which (n =23, 70%) were
expected and grade 1 in nature. Two patients (10%) experi-
enced events of grade 4 thrombocytopenia that were
corrected with blood transfusions followed by dose reductions
and did not require permanent discontinuation of treatment.
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One patient had persistent grade 1 thrombocytopenia and
anemia, as well as grade 2 fatigue and grade 1 nausea
and arthralgia, which required a 20% dose reduction of
temozolomide. Two patients (10%) required dose reduction
because of events of grade 2 nausea and diarrhea. One (5%)
patient’s grade 2 hand-foot syndrome required dose reduction;
the patient was able to continue on treatment. One patient
had a persistent grade 2 maculopapular rash with pruritus.

None of the patients discontinued treatment because of
drug induced toxicity, and all were able to continue on treat-
ment until maximal response (n = 2, 10%), progression (clinical
or radiographic; n =10, 50%), or completion of investigator
defined duration of therapy (n =2, 10%). One patient died
soon after starting treatment from comorbidities unrelated to
treatment, and one patient was lost to follow-up after initiat-
ing treatment. Four patients remain on active treatment.

Response, Progression-Free Survival, and Overall
Survival
Six patients (30%), four with typical NETs, one with atypical
NET, and one with LCNEC, exhibited a best response of PR
per RECIST 1.1 criteria, three of whom eventually progressed
(only one per RECIST 1.1; LCNEC). Eleven patients (55%),
eight with typical and three with atypical NETs, exhibited a
best response of stable disease, and six of those eventually
progressed (four per RECIST). Two patients (10%) with typical
NETs progressed per RECIST at the first restaging scan. One
patient was unevaluable per RECIST. Disease control rate
(DCR) was 85%.

All patients were evaluable for survival analysis. At the time
of data cutoff, 12 patients had died, and 8 were alive. The
median PFS was 13 months (95% Cl, 4.4-21.6 months; Fig. 1).
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Figure 1. Progression-free survival.
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Figure 2. Overall survival.

The median OS was 68 months (95% ClI, 35.3-100.7

months; Fig. 2).

Discussion

Patients with advanced lung NENs have limited treatment
options and are in need of new, less toxic systemic treat-
ments. Everolimus is the only drug that has been studied in a
randomized, controlled phase Il clinical trial [8]. In the lung
NET cohort, which consisted of 90 patients, the median PFS
was 9.2 months with everolimus (compared with 3.6 months
with placebo), and there was only a single PR (1%) [9]. The
activity of cytotoxic chemotherapy has been tested primarily
in small retrospective series. Platinum-etoposide regimens
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have demonstrated modest response rates and short dura-
tions of PFS and OS in several small retrospective studies and
are associated with significant toxicity [10, 11]. Consequently,
these regimens are not endorsed by guidelines for typical
and atypical lung NETs [3]. Temozolomide monotherapy,
although well tolerated, is also associated with a modest
response rate of 14%.

Our current retrospective analysis of 20 consecutively
treated patients illustrates that the CAPTEM regimen likely
has significant activity in lung NETs, albeit lower than in
pancreatic NETs. There was no significant difference
between responses based on NEN subtype. The toxicity pro-
file was within expected side effects for the regimen, and
none of the patients experienced long-term, irreversible
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toxicity. No treatment discontinuations were due to toxicity.
The median PFS of 13 months reported in this study is
based on a conservative estimate in which evidence of clini-
cal progression (e.g., change in treatment) was considered
a progression event.

Limitations of this study include its retrospective nature,
heterogeneity of enrolled patients, and small sample size. Nev-
ertheless, the median PFS and particularly the OS observed in
this study were encouraging. The response rate of 30% and
DCR of 85% were also relatively high and indicate that this
regimen can be used to cytoreduce tumors and palliate symp-
toms. These data support the need to further evaluate this
regimen in prospective clinical studies focusing specifically on
patients with lung NEN.

CoNcLusION
The CAPTEM regimen is associated with a high response rate
and a relatively tolerable toxicity profile in lung NENs. This
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