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ABSTRACT

Background. Neuroendocrine tumors (NETs) are commonly
treated with multimodality therapy. The combination of
capecitabine and temozolomide (CAPTEM) has been sug-
gested as a treatment option for patients with metastatic
NETs.We present our experience with CAPTEM.
Methods. Data on NET patients who were placed on CAPTEM
and received at least one cycle were obtained from a Velos
eResearch database. Response rate was calculated by RECIST
1.1. Overall survival and progression-free survival (PFS) were
calculated by the Kaplan-Meier survival method.
Results. A total of 29 patients (17 male and 12 female) were
included. Median age at CAPTEM initiation was 58 years
(range: 26–77). Primary tumors included 9 small bowel (31%),
15 pancreas (52%), 3 lung (10%), and 2 rectum (7%). Median
number of CAPTEM cycles was 8 (range: 1–55). Partial re-
sponse occurred in 5 patients (5 of 29, 17%); 14 patients

(14 of 29, 48%) had stable disease, and 10 patients (10 of 29,
34%) had progressive disease. A total of 3 (20%) and 5 (33%)
pancreaticNETsexperiencedpartialresponseandstabledisease,
respectively. A total of 2 (14%) and 9 (64%) nonpancreatic NETs
experienced partial response and stable disease, respectively.
Partial responsewas noted in 1 patient (13%) and stable disease
in 5 patients (63%) with Ki-67 values of less than 2%. In patients
with Ki-67 values of 2%–20%, partial response was noted in
3 (19%) and stable disease in 8 (50%). Partial response and
stable diseasewere noted in 1 patient each (20%)with Ki-67
valuesgreater than20%.MedianPFSwas12months.Adverse
reactions caused dose reductions in 24% of patients.
Conclusion. Although adverse reactions were experienced,
most patients tolerated this regimen. CAPTEM should be
considered as a reasonable treatment option for metastatic
NET patients. The Oncologist 2016;21:671–675

Implications forPractice:The roleofchemotherapy inneuroendocrine tumorshasevolved in recent years.The resultsof this study
suggest that the combinationofcapecitabine and temozolomideprovides anadequate treatmentoptionandmayprolong survival
in patientswith awide variety ofmetastatic neuroendocrine tumors. Although prospective data are needed, this research adds to
theabundanceof retrospective experiencewith this combination thatappears to showthat capecitabine and temozolomidecould
potentially be an option for patients with advanced neuroendocrine tumors who have progressed on standard treatment.

INTRODUCTION

Neuroendocrine tumors (NETs) are uncommon malignancies,
but are becoming increasingly more recognized [1, 2]. These
tumors can occur throughout the body and are generally
treated with surgical resection for curative intent if localized
[1–3]. In those patients who experience recurrence or who
present at advanced stages, treatment options can vary based
on extent of disease, biochemical evaluation, the presence of
octreotide or 131I-metaiodobenzylguanidine (MIBG) uptake,
performance status, and patient and physician preference [4].

Treatment options in patients with metastatic neuroen-
docrine disease can generally be divided into four different

modalities: surgical, liver-directed, radionuclide, or medical.
Surgical therapy includes both cytoreduction and, in some
cases,multivisceral organ transplantation [3, 4]. Liver-directed
therapy includes bland, chemo-, and radioembolization [4, 5].
Radionuclide therapyoptions in patientswith neuroendocrine
tumors includepeptide radionuclide receptor therapyorMIBG
[4,6].Nearlyallpatientswillhavesomeformofmedical treatment
with a somatostatin analog in addition to either targeted therapy
or chemotherapy at some point in their clinical course [7–9].
All of these options are considered when a patient initially
presents for evaluation.
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The role of chemotherapy in NETs has evolved in recent
years. The use of steptozocin-based therapies has been the
mainstayof treatment for bothpancreatic andnonpancreatic
NETs [10, 11].This regimen is sometimes limitedby its toxicity.
More recently, the oral alkylating agent temozolomide has
become a treatment option and has been used as both a
single agent and also in combinations, such as thalidomide/
temozolomide,bevacizumab/temozolomide,andcapecitabine/
temozolomide (CAPTEM) [12–16].

The CAPTEM regimen has been shown to have significant
activity in pancreatic NETs. In a retrospective analysis of 30
pancreatic NET patients, Strosberg et al. demonstrated a 70%
response rate and a median progression-free survival (PFS) of
18 months [17]. A similar retrospective analysis that included
both pancreatic and nonpancreatic NETswith PFS of the entire
cohort reported at 4.7months showed pancreatic NETs having
a PFS of 4.9 months versus 2.8 months for nonpancreatic
NETs [18].Most recently, a prospective phase II study looking
at CAPTEM in both pancreatic and nonpancreatic NETs has
closed. An interim analysis of 28 patients has shown an
overall response rate of 43%and rate of stable disease of 54%
[19].The final results of this study are pending.This work will
describeour findingswith theuseofCAPTEMinbothpancreatic
and nonpancreatic NETs.

METHODS

Our institution (Louisiana State University/Ochsner Neuro-
endocrine Tumor Program) is a tertiary referral center that
offers multidisciplinary care for patients with all types
of NETs. Patients presenting to our clinic are entered into
a secure, online Velos eResearch database (Velos, Inc.,
Fremont, CA, http://velos.com) for rapid identification
for inclusion into analyses. This analysis included all NET
patients that had at least one cycle of CAPTEM from
November 2010 to June 2015. All patients had a histolog-
ically confirmed metastatic NET and were not candidates
for surgical resection. Patients were included if they had
measurable disease based on computed tomography (CT)
or magnetic resonance imaging (MRI).

Dosing Regimen
ThedosingofCAPTEMwasas follows: capecitabine750mg/m2

bymouthtwicedailyondays1–14andtemozolomide200mg/m2

by mouth once daily on days 10–14. Each cycle was 28 days
long. Patients receivedmonthly complete blood counts and a
comprehensive metabolic panel. Each patient remained on
this regimen for three cycles before repeatCTorMRI to assess
disease response to treatment.

Patient Demographics
Baseline demographics, tumor characteristics, prior oncologic
treatment, and Ki-67 proliferative indiceswere recorded for
each patient. Side effect profile was extracted from patient
records and categorized according to the Clavien-Dindo
grading classification (grades I–IV). Radiographic response
was determined by using RECIST 1.1. Patients who had
incomplete records or were lost to follow-upwere excluded
from analysis. This study obtained appropriate dual in-
stitutional review board (IRB) approval from the Louisiana

State University Health Sciences IRB and the Ochsner Clinical
Foundation IRB.

Statistical Analysis
Rate of response (RR), progression-free survival (time from
first administration of CAPTEM to documented disease
progression, administration of alternative treatment, or
death), and overall survival (OS) were used as endpoints of
this study. PFS andOSwere calculated by the Kaplan-Meier
survival method. Overall survival rate 2 years from ini-
tiation of treatment was also calculated. Statistical anal-
yses were performed by using MedCalc for Windows (Version
15.6.1; MedCalc Software, Ostend, Belgium, https://www.
medcalc.org).

RESULTS

We included 29 (17 male and 12 female) patients that were
diagnosed with NETs and treated with a minimum of one
cycle of CAPTEM. Median patient age at initiation of
treatment was 58 years (range: 26–77). A total of 15
patients (52%) had pancreatic NETs, 9 patients (31%) had
small bowel NETs, 3 patients (10%) had lung NETs, and 2
patients (7%) had rectal NETs. The majority of metastatic
disease was located in the liver and lymph nodes (54% and
21%, respectively). A total of 17% of patients (6 of 29) had
bonemetastasis, and8% (3of 29) hadmetastasis to the lung.
In 19 patients (66%), the tumors were well differentiated, in
2 (7%) they were moderately differentiated, and in 2 others
(7%) theywere poorly differentiated. Tumor differentiation
of 6 (21%) patients was unknown.

Table1. Radiographic responses toCAPTEMtreatment sorted

by Ki-67 proliferative index ranges

Ki-67 ranges n (%) PR, n (%) SD, n (%)

0%–2% 8 (28) 1 (13) 5 (63)

.2%–20% 16 (55) 3 (19) 8 (50)

.20% 5 (17) 1 (20) 1 (20)

Abbreviations: CAPTEM, capecitabine and temozolomide; PR, partial
response; SD, stable disease.

Table 2. CAPTEM treatment toxicities stratified by

Clavien-Dindo grades I–IV

Toxicity

CAPTEM treatment toxicities

Grade I Grade II Grade III Grade IV

Lymphocytopenia 3 9 3 0

Thrombocytopenia 6 3 1 2

Nausea 11 1 1 0

Hand/foot 6 3 0 0

Fatigue 5 5 0 0

Diarrhea 4 3 2 0

Neutropenia 0 0 0 3

Hypoglycemia 0 0 0 0

Weight loss 1 0 0 0

Anemia 3 0 0 0

Shown is the frequency of each specific toxicity per grade.
Abbreviation: CAPTEM, capecitabine and temozolomide.
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All patients had Ki-67 immunohistochemical stains per-
formed on their biopsied tumors. Of these patients, 8 (28%)
had Ki-67 values that were less than 2%, 16 (55%) had Ki-67
values from 2% to 20%, and 5 (17%) had Ki-67 values greater
than 20%. Radiographic responses based on Ki-67 ranges are
shown in Table 1.

Threepatients (10%)discontinued treatment becauseof
adverse reactions. There were 5 grade IV toxicities, 7 grade
III toxicities, 24 grade II toxicities, and 39 grade I toxicities. A
total of 7 patients (24%) required a dose reduction owing
to drug toxicity. Details of specific toxicities are listed in
Table 2.

Four patients (14%) died during this study, all because of
progressive disease. The median survival for the entire cohort
was not reached. However, the Kaplan-Meier 2-year survival
rate is 97%, estimated from the time of initial treatment
with CAPTEM.Themedian PFSwas estimated to be 12months
(95% confidence interval [CI]: 4–20 months) from initiation
of CAPTEM, as shown in Figure 1. PFS stratified by pancreatic
versus nonpancreatic NETs was not statistically significant
(p . .05; Fig. 2). Median PFS for pancreatic NETs versus
nonpancreatic NETs was 12 and 13 months, respectively.

The median number of cycles for the entire cohort was 8,
ranging from 1 to 60 cycles. Rate of response was calculated
based on the patients’ imaging studies during their follow-up
visit via RECIST 1.1. A total of 5 patients (17%)were considered
to have partial response, 14 patients (48%) had stable disease,
and 10patients (34%)were noted to have progressive disease,
as shown in Table 3. A total of 3 (20%) and 5 (33%) pancreatic
NETs experienced partial response and stable disease, re-
spectively. A total of 2 (14%) and 9 (64%) nonpancreatic NETs
experienced partial response and stable disease, respectively.

DISCUSSION

NETs are rare neoplasms that are becoming increasingly more
recognized [1, 2]. This increase in recognition stems partly
because of an improvement in diagnostic technologies, but
also an amplified awareness of this rare malignancy. The
current dogma of treatment with curative intent for NETs is
surgical resection, but not all patients qualify as surgical can-
didates because of late stage at presentation or large tumor
burden where resection is not feasible [1–3]. With these
patients, options for disease management can be limited based
onsymptoms,biochemicalmarkers, radiographic imaging, and
treatment preference of the patient or physician.

We, and others, have shown that CAPTEM can be an
adequate option for treatment of patients with metastatic
NETs when surgery is no longer indicated. In our study, 17% of
patients experienced a partial response and 48% had stability
of disease, with a median PFS of 12 months. This benefit was
seen across a broad group of primary tumor sites including
pancreatic, rectal, small bowel, and lung. Partial responses
were also seen in the subset of pancreatic and nonpancreatic
NETs.However, theseare small numbers, and thesegroupshad
a proportion of patients who still derived benefit.

This regimen was generally well-tolerated, with the
median duration of CAPTEM treatment being eight cycles.
The toxicities (shown in Table 1) that our patients experi-
enced while on the CAPTEM regimen are not uncommon
and have been described previously [17, 18, 20]. Although

Figure 1. Progression-free survival (PFS) from thedateof initiation
of capecitabine and temozolomide treatment for the entire cohort.
Median PFS for the entire cohort was 12 months.

Figure 2. Progression-free survival (PFS) stratified by nonpancre-
atic versus pancreatic neuroendocrine tumors (NETs).Median PFS
was 12 and 13 months for nonpancreatic NETs and pancreatic
NETs, respectively.

Abbreviations: NS, not significant; pNET, pancreatic neuroen-
docrine tumor.

Table 3. Differences in primary tumor site response rates

Response by
tumor site n (%) PR, n (%) SD, n (%) PD, n (%)

Pancreatic NET 15 (52) 3 (20) 5 (33) 7 (47)

Nonpancreatic NET 14 (48) 2 (14) 9 (64) 3 (22)

Overall 29 (100) 5 (17) 14 (48) 10 (34)

Abbreviations: NET, neuroendocrine tumor; PD, progressive disease; PR,
partial response; SD, stable disease.
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the majority of these complications were considered mi-
nor (Clavien-Dindo grades I and II), major complications
(Clavien-Dindo grades III and IV) were experienced. The
majority of patents were able to proceed without dose
modification. However, 24% of our cohort did require dose
adjustment because of toxicity.

Other retrospective studies have been performed using
CAPTEM in patients with NETs. Strosberg et al. reported a
series of 30 pancreatic NET patients who achieved median
PFSof18months and response rateof70%[17].Thesepatients
were chemotherapy näıve, but 23% had received hepatic
cytoreduction. In our cohort, patients with pancreatic NETs
achieved amedian PFS of 13months and had a response rate
of 20% and stable disease seen in 33%. This discrepancy is
likely due to the fact that our cohort had amuchmore heavily
pretreatedpopulation,with76%of theentire cohortofpatients
having prior cytoreduction, targeted therapy, radionuclide
therapy, liver-directed or chemotherapy, or a combination
of thesemodalities. A similar retrospective studyhad shown
first line CAPTEM in pancreatic NETS demonstrating a
median PFS of 15.9months versus 3.1 months when used in
subsequent lines of treatment [18]. Dosing was the same in
these studies.

Ki-67 proliferative index was measured in our patients,
with the majority (16 of 29; 55%) having a Ki-67 from 2% to
20%. A total of 19% of these patients experienced a partial
response, and 63% had stability of disease on the CAPTEM
regimen. It is also interesting to note that 13% and 63% of
patients experienced partial response and stable disease,
respectively, with Ki-67 values less than 2%. Although only 5
patients with Ki-67 greater than 20% were included in our
analysis, 20% of those had a partial response and 20% had
stabilityofdisease.This indicatesthatCAPTEMmaybebeneficial
in high-grade tumors.

There isawidevariation intheclinicalcourseandoutcomesof
patients with Ki-67 values greater than 20%. Some investiga-
tors suggest that a cutoff of 55% be used to determine whether
patients should receiveplatinum-basedchemotherapy [21].
In our high-grade cohort, the range of Ki-67 values was
30%–75%.

Our study is limited because of its retrospective design
and small sample size. However, this report adds to other
retrospective studies with similarly encouraging results in an
understudied population of uncommon tumors. Another
limitation of our study is the fact that the Louisiana State
University/Ochsner Neuroendocrine Clinic is a tertiary refer-
ral center where patients are generally followed by referring
oncologists and seen in our center at 3- to 6-month intervals.
Nevertheless, we were still able to capture the majority of

treatment-related adverse events and outcomes. In addition,
patients who were lost to follow-up or did not have adequate
records were excluded from this study.

A prospective phase II study examining the use of
CAPTEM in a wide range of NETs has been closed to accrual.
Final results of this study have yet to be published. How-
ever, an interim analysis has been presented with very
encouraging results [19]. In this analysis, 28 of a planned
38 patients (including typical and atypical carcinoid,
pituitary, pancreatic NET, and medullary thyroid tumors)
had an overall RR of 43%, with stability of disease seen
in 54%.The median PFS was greater than 22.2 months and
ongoing OS greater than 29.1 months. The dose of the
capecitabine was the same as that used in our study.
However, the temozolomide portion was dosed twice
daily. It is not known whether dosing daily or twice daily
changes the efficacy of CAPTEM. We eagerly await final
results of this trial.

CONCLUSION
Many questions remain concerning the medical manage-
ment of metastatic NETs, such as the timing of initiation of
treatment, ideal sequencing of treatments, equality of treat-
ment of different types of NETs, the ideal use the Ki-67 index,
and the benefits of novel therapeutic agents (i.e., immuno-
therapy). The results of our study suggest that CAPTEM
provides an adequate treatment option and may prolong
survival in patients with a wide variety of metastatic NETs.
Although prospective data are needed, there is an abun-
dance of retrospective experience in this combination that
appears to show that CAPTEM could potentially be an option
for patients with advanced NETs who have progressed on
standard treatment.
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Implications for Practice:
With the approval of two new drugs, everolimus and sunitinib, for the treatment of patients with well-differentiated
pancreatic neuroendocrine tumors, we are witnessing a shift from case series and single-arm studies toward prospective,
randomized controlled clinical trials and evidence-based therapy in the neuroendocrine tumor field. However, the clinical
development of these agents highlights the potential challenges awaiting other new drugs in this area. Focusing on the
strengths, weaknesses, and limitations inherent in trial design can help identify pitfalls and potentially hasten the approval
of drugs successfully developed to treat patients with neuroendocrine tumors.
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