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Abstract
Background: Extrapulmonary poorly differentiated neuroendocrine carcinoma (EPNEC) is a lethal disease
with a poor prognosis. Platinum-based chemotherapy is used as the standard rst-line treatment for
unresectable EPNEC. Several retrospective studies have reported the results of the utilization of
temozolomide (TMZ) as a drug for the second-line treatment for EPNEC.
Methods:Patients with unresectable EPNEC that were resistant to platinum-based combination
chemotherapy were recruited for a prospective phase II study of TMZ monotherapy. A 200 mg/m2 dose of
TMZ was administered from day 1 to day 5, every four weeks. Response rate (RR) was evaluated as the
primary endpoint. The presence of O6-methylguanine DNA methyltransferase (MGMT) in EPNEC patients
was also evaluated as exploratory research.
Results: Thirteen patients were enrolled in this study. Primary lesions were pancreas (n=3), stomach
(n=3), duodenum (n=1), colon (n=1), gallbladder (n=1), liver (n=1), uterus (n=1), bladder (n=1), and
primary unknown (n=1). Each case was de ned as pathological poorly differentiated neuroendocrine
carcinoma from surgical resected and/or biopsied specimens. The median Ki67 labeling index was 60%
(range: 22%-90%). The RR was 15.4%, progression free survival was 1.8 months (95% con dence interval
[CI], 1.0-2.7), overall survival (OS) was 7.8 months (95% CI, 6.0-9.5), and OS from rst-line treatment was
19.2 months (95% CI, 15.1-23.3). No grade 3 or 4 hematological toxicity had occurred and grade 3 nausea
and appetite loss had occurred one case. One case presented MGMT de ciency and this case showed
partial response.
Conclusion: TMZ monotherapy is a feasible, modestly effective, and safety treatment for patients with
unresectable EPNEC following platinum-based chemotherapy. MGMT de ciency may be a reliable
biomarker for the response of unresectable EPNEC to TMZ.
Trial registration: Registered at April 20, 2013. Registry number: UMIN000010549.

Background
Extrapulmonary poorly differentiated neuroendocrine carcinoma (EPNEC) originates in the
gastrointestinal tract, gynecological, and urological organs as either a small-cell lung carcinoma (SCLC)
or a large-cell neuroendocrine carcinoma (LCNEC), which are both similar to their respective well-known
pulmonary counterparts (1). EPNEC is a rare disease; its incidence accounts for 10–20% of malignant
neuroendocrine neoplasms (NENs) (2, 3). EPNEC has aggressive histological features that contribute to
its poor prognosis and lethality (4). According to an analysis of 14,732 EPNEC cases from the
Surveillance Epidemiology and End Results database, distant metastasis was diagnosed in 69% of
patients with NEC, and the ve-year survival rate for patients with distant metastasis was only 5.7% (5).
Systemic chemotherapy is the main treatment option for advanced EPNEC. Some clinical guidelines for
treating EPNEC recommend platinum-based chemotherapy as the rst-line treatment (6, 7). Response rate
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is about 30 to 50% however, progression free survival (PFS) of them is only 4 or 5 months (8, 9). E cacy
of platinum-based chemotherapy for EPNEC was limited, and second-line chemotherapy was necessary
in one-half of all cases.
Second-line chemotherapy results in an RR of 11% and a PFS of only 2.1 months, retrospectively (9).
Oxaliplatin-based chemotherapy, irinotecan-based chemotherapy and Amrubicin monotherapy is
retrospectively performed, however the response rate is 18.8–38.5% and the PFS is 1.9–3.6 months (10,
11, 12, 13, 14).
Temozolomide (TMZ)-based chemotherapy is the most frequently used as a second-line regimen for
unresectable NEC (8). The activity of TMZ in patients with unresectable NEC has been evaluated in
several trials, however, most of them were retrospective studies or study target was not limited to NEC (15,
16). Then, activity of TMZ for advanced NEC is still unclear. Moreover, there is no evidence of e cacy of
TMZ for Japanese patients with advanced NEC because TMZ is not yet approved in Japanese health
insurance system to utilize for advanced NEC. Prospective clinical study of TMZ monotherapy targeted at
Japanese patients with advance NEC is worthy challenge.
The aim of this study was to determine the e cacy and safety of TMZ monotherapy for patients with
unresectable EPNEC resistant to platinum-based chemotherapy. Evaluation of expression of O6methylguanine DNA methyltransferase (MGMT) considered as a chemo-sensitivity marker of TMZ was
also conducted as an additional study.

Methods
Study Design
A phase II study using TMZ monotherapy as a second-line treatment in patients with unresectable EPNEC
resistant to platinum-based chemotherapy, was conducted (from April 2013 to March 2017)
(UMIN000010549) (IRB B130307033).
The prevalence of MGMT de ciency in EPNEC was evaluated, and a correlation was found between
MGMT de ciency and treatment response to TMZ by immunohistochemistry as exploratory research.
This trial was supported by Yokohama City University Hospital.
Patient Selection
Patients with pathologically con rmed, metastatic or recurrent poorly differentiated neuroendocrine
carcinoma (WHO 2010 Ki67LI > 20% Grade 3), who were previously treated with platinum-based rst-line
chemotherapy were eligible for this study if they met the following inclusion criteria: Eastern Cooperative
Oncology Group PS of 0 or 1; age between 20–75 years; NEC with at least one measurable lesion based
on Response Evaluation Criteria in Solid Tumors (RECIST); and adequate hematological, liver, and renal
function (hemoglobin > 9.0 g/dl, white blood cell count < 10 000/mm3, neutrophil count > 1500/mm3,
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platelet count > 100 000/mm3, total bilirubin < 1.5-fold the upper normal limit, serum transaminase < threefold the upper normal limit, creatinine < 1.5-fold the upper normal limit). The patients provided written
informed consent. We excluded SCLC, LCNEC, mixed adenocarcinoma, neuroendocrine neoplasm
(MiNEN), and adenocarcinoma with neuroendocrine features.
This was an open-label, single-center, non-randomized phase II study. All laboratory tests required to
assess eligibility were completed within 7 days prior to the start of treatment. The treatment schedule
involved the administration of temozolomide (200 mg/m2) on days 1–5 every four weeks. The RR was
evaluated as the primary endpoint and the PFS, overall survival (OS), and adverse events (AE) were
evaluated as the secondary endpoints. AE were de ned using the Common Terminology Criteria for
Adverse Events version 4.0.
Immunohistochemistry
Immunohistochemistry was conducted on the formalin- xed, para n-embedded (FFPE) tissue sections.
We reacted 4-µm-thick sections of representative blocks with monoclonal antibodies against MGMT (MT
3.1; 1:25, GeneTex, Irvine, US). Nuclear MGMT expression was scored as either intact or de cient in tumor
cells (17). Tumors were scored as intact when nuclear staining for MGMT was observed in any of the
tumor cells. Tumors were scored as de cient when nuclear staining for MGMT was not observed in all
tumor cells. Non-neoplastic cells served as an internal positive control in all tissue sections.
Statistical Design
SWOG’s standard design (attained design) was used to determine the number of patients enrolled in the
study. The null hypothesis stated that the overall RR would be < 5% and the alternative hypothesis stated
that the overall RR would be > 30%, the α error was determined to be 5% (one-tailed) and the β error was
determined to be 20% (one-tailed). The alternative hypothesis was established based on preferable data
from previous reports. The sample size was set at 13 cases. The median survival time and corresponding
95% con dence intervals (CIs) for OS and PFS were estimated using the Kaplan–Meier method. PFS was
de ned as the time from day 1 of cycle 1 until the rst event (progressive disease or death by any cause).
If no such event occurred, data for that patient were censored on the day of the last imaging procedure.
OS was de ned as the time from day 1 of cycle 1 until death by any cause. If death did not occur, data
were censored on the last day of survival con rmation. All analyses were performed using SPSS version
21.0 (IBM, New York, US).

Results
Patients and Characteristics
Between April 2013 and March 2017, 13 patients were enrolled in this study. Table 1 shows the patient
characteristics at baseline. The median age of the patients was 65 (40–75) years. Six patients were male
and seven patients were female. Three cases had a performance status of 1, and ten cases had a
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performance status of 0. All cases showed metastatic and unresectable EPNEC. Four cases had
undergone surgical resection of the tumor prior to treatment. The rst-line chemotherapy regimens were
classi ed as IP (irinotecan + Cisplatin) n = 8, PE (Cisplatin + Etoposide) n = 4, and Carboplatin + Etoposide
n = 1. Primary lesions were classi ed as pancreas (n = 3), stomach (n = 3), duodenum (n = 1), colon (n = 1),
gallbladder (n = 1), liver (n = 1), uterus (n = 1), bladder (n = 1), and primary unknown (n = 1). The median
Ki67 labelling index was 60% (range 22–90%).
E cacy
The TMZ dose of 200 mg/m2 was administered on days 1–5 every four weeks. A total of 28 cycles of
TMZ were administered to all patients, and the median number of cycles per patient was two (range, 1–4
RR was 15.4% and disease control rate was 23.1% (CR = 0, PR = 2, SD = 1, PD = 10) (Table 2). PFS was 1.8
months (95% CI, 1.0-2.7) and OS was 7.8 months (95% CI, 6.0-9.5). And OS from rst-line treatment was
19.2 months (95% CI, 15.1–23.3). (Fig. 1,2).
Toxicity
The most common adverse events were hematological toxicities. There were no occurrences of grade 3 or
4 severe neutropenia, anemia, or thrombocytopenia. All hematological toxicities were non-severe (grade
1,2) toxicities; anemia occurred in 12 patients (92%), thrombocytopenia occurred in 5 patients (39%), and
leucopenia occurred in one patient (8%) (Table 3).
Of all severe non-hematological toxicities, only severe appetite loss and nausea were observed in one
patient (8%) (Table 3). Grade 1 and 2 non-hematological toxicities that occurred included: liver
dysfunction in 3 patients (23%), renal dysfunction in 3 patients (23%), nausea in 5 patients (38%),
vomiting in 3 patients (23%), diarrhea in 1 patient (8%), general fatigue in 4 patients (31%) and appetite
loss in 6 patients (46%).
Immunohistochemical analysis
FFPE tissues sections were obtained from all cases. Su cient tissues for immunohistochemical analysis
could not be obtained from two cases. As a result, eleven tissue samples were analyzed in total (Table 2).
Ten cases were found to be intact and one case was found to be de cient (Fig. 3a, b). The de cient case
had a primary liver NEC with multiple liver metastases and temporarily achieved a partial response
(Fig. 3c, d).

Discussion
The activity of TMZ in patients with unresectable NEN has been evaluated in several trials, which showed
interesting activity in terms of RR values, ranging from 14 to 70% (18, 19, 20). However, these clinical data
describe TMZ-based chemotherapy for mainly well-to-moderately differentiated neuroendocrine tumor
(NET) (WHO 2017: Grade1 and/or Grade2). Primary pancreatic NET shows a good response (43–70%) to
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TMZ therapy with a long rate of progression-free survival (12–18 months) (19, 20). Recently, in a
prospective randomized phase II study for pancreatic NET (G1 or G2) with TMZ monotherapy versus
capecitabine and TMZ combination chemotherapy, the response rate was 33.3% vs 27.8% and the PFS
was 22.7 months vs 14.4 months. TMZ and capecitabine combination chemotherapy shows a
signi cantly better PFS than TMZ monotherapy (21). ENETS consensus guideline described TMZ-based
chemotherapy should be considered for well-differentiated NEN included NET G3 (6).
However, TMZ-based chemotherapy for NEC is not su ciently effective as an urgent treatment. In a
previous study, TMZ monotherapy or TMZ in combination with capecitabine and bevacizumab for NEC
showed a response rate of 0–57% and a PFS of 2.4–8.4 months (15, 16, 22). In general, second- or thirdline chemotherapy treatment for EPNEC has a response rate of 0–18.8% and a PFS of 2.1–3.8 months (9,
14, 16, 23). In this study, we estimated the response rate as 15.4% and the PFS as 1.8 months. Here, TMZ
monotherapy was undertaken in six cases as a second-line treatment, but in the other seven cases it was
undertaken as the third- or salvage- line treatment. Patients in this study undergoing TMZ monotherapy
showed a more advanced disease than the patients from the remainder of the TMZ studies reported so
far.
TMZ monotherapy is a mild toxic drug, and incidents of severe toxic events have been rare in previously
reported studies. In this study, there were no grade 3 or 4 hematological and few non-hematological
toxicities. Patients received some chemotherapy for a long duration (about six months; detailed data not
shown) and their general condition was no better than that of those in previously reported studies. No
severe toxicity appeared for these advanced patients. Recently, many studies for unresectable NEN were
performed using TMZ and capecitabine combination therapy that showed the same results and
con rmed the mild toxicity of this therapy.
MGMT de ciency was con rmed by immunohistochemistry analysis and a case of de cient was
response to TMZ monotherapy in this study. MGMT expression in the tumor cells was assessed as a
predictive biomarker for alkylating agents. One mechanism of resistance to alkylating agents is an
increase in the expression of the DNA repair enzyme MGMT. If expression of MGMT is decreased by
methylation of the MGMT promotor region, DNA repair is decreased. A decrease in MGMT expression,
which frequently occurs during carcinogenesis, may increase the sensitivity of tumor cells to alkylating
agents that induce DNA damage, thus increasing the response to alkylating agents. Many previous
studies have described the relationship between MGMT expression and response of NENs (17, 24). In our
study, the analysis of the MGMT de cient case showed shrinkage of multiple liver tumors after two
treatment cycles. However, the tumors rapidly regrew after two cycles. According to another recent study,
metronomic TMZ monotherapy (one-week-on/one-week-off treatment) for pancreatic NEC with MGMT
de ciency is a good option for second-line chemotherapy (25). We consider TMZ monotherapy is a
potential treatment option for NEC with MGMT de ciency as a second- or third-line treatment.
This study has some limitations. First, the sample size was small and primary lesions were
heterogeneous. Most prior studies were designed for unresectable pancreatic NEN or GEP-NEN. EPNEC
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shows a high degree of heterogeneity, so the e cacy of TMZ may differ according to primary lesions.
Second, we evaluated MGMT status with IHC. In a clinical setting, MGMT status can be evaluated by
assessing MGMT protein expression using immunohistochemistry (IHC) or by determining MGMT
promotor methylation using a methylation assay. Some past reports suggest that concordance is
relatively low between IHC and MSP assessments of MGMT status (26).

Conclusion
Our study revealed that salvage-line TMZ monotherapy was a safe and marginally effective treatment for
patients with unresectable EPNEC after the failure of rst-line platinum-based chemotherapy. A more
effective second-line treatment option is necessary for EPNEC, but chemotherapy with TMZ combined
with another agent may serve as a feasible and effective treatment option for the treatment of EPNEC,
especially in the presence of MGMT de ciency.
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Figure 1
Kaplan-Meier curve for progression free survival. The median progression-free survival was 1.8 months
(95% con dence interval. 1.0-2.7). No patient data was censored.
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Figure 2
Kaplan-Meier curve for overall survival. The median overall survival was 7.8 months (95% con dence
interval. 6.0-9.5). No patient data was censored. Figure 3a. This serial section was primary lesion of
gastric neuroendocrine carcinoma with multiple liver metastatic case (Case 3). Immunohistochemical
ndings revealed tumor cells were diffuse and moderately stained by MGMT protein. This case was
de ned intact.
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Figure 3
a. This serial section was primary lesion of gastric neuroendocrine carcinoma with multiple liver
metastatic case (Case 3). Immunohistochemical ndings revealed tumor cells were diffuse and
moderately stained by MGMT protein. This case was de ned intact. b. This serial section was liver lesion
of hepatic neuroendocrine carcinoma case (Case 9). Immunohistochemical ndings revealed tumor cells
were not stained by MGMT protein diffusely. This case was de ned de ciency. c. CT ndings revealed
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multiple liver metastasis before the treatment with temozolomide (Case 9). d. CT ndings revealed
multiple liver metastasis after two cycle treatments with temozolomide. Multiple liver tumors were
remarkable shrinkage (Case 9).
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