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Summary
Pancreatic neuroendocrine tumors (PNET) represent a heterogeneous group of tumors with varying tumor biology and prognosis.
Advanced PNETs remain a difficult therapeutic challenge because of their high malignant potential and their resistance to
conventional chemotherapy although there have been recent developments with promising results with the use of novel agents for
the treatment of this disease. Combined modality chemoradiation is not widely used in the management of locally advanced
pancreatic endocrine tumors. We discuss Abstract #335 from 2012 ASCO GI Cancers Symposium and share our experience to
discuss efficacy and toxicity of concurrent capecitabine or infusional 5-fluorouracil and radiotherapy in patients with resected,
locally advanced and metastatic PNET. Prospective studies to investigate the role of radiation and chemoradiation are warranted.

Introduction
Pancreatic neuroendocrine tumors (PNETs) represent a
heterogeneous group of tumors with varying tumor
biology and prognosis [1]. The incidence of PNETs has
increased over the past two decades to approximately
5/1,000,000 persons. Advanced PNETs remain a
difficult therapeutic challenge because of high
malignant potential and resistance to conventional
chemotherapy [2]. As a result, there are limited
effective treatment options for patients with advanced
disease.
There have been recent new developments with
promising results with the use of novel molecular
targeted agents for the treatment of this disease [3, 4,
5]. Traditional conventional chemotherapy agents
included regimens based on etoposide, platinum
agents, anthracyclines, streptozocin, and 5-fluorouracil
(5-FU) based agents [6].
Combined modality chemoradiation is not widely used
in the management of locally advanced pancreatic
endocrine tumors.
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Data Presented at 2012 ASCO GI Cancers
Symposium
Our colleagues at the University of Maryland School of
Medicine, Baltimore, MD, USA and Johns Hopkins
University School of Medicine, Baltimore, MD, USA
presented a series of 11 patients with histologically
confirmed PNET (T3/T4) who received external beam
radiation therapy to the primary tumor or resection bed
to a median dose of 50.4 Gy (Abstract #335 [7]). Of
these 11 patients, 7 received concurrent capecitabine
(1,000 mg/m2 bid). Among 9 patients with locally
advanced disease, two were able to undergo surgical
resection. At a median follow-up of 30.4 months, 3
patients were dead with progressive disease, 2 had died
without progressive disease, 3 were alive with
metastases, and 3 were alive without metastases (1
stable, 1 partial response, 1 complete response). Only
two grade 3 toxicities were noted. The authors
concluded that local radiation therapy may convert
initially unresectable locally-advanced tumors to
disease amenable to surgical resection, which would
theoretically improve local control [7].
To further augment these data, we present our
experience in treating patients with PNET with
chemoradiation.
Our Data
We reviewed the medical records of patients with
PNET who received treatment with either capecitabine
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Table 1. Demographic characteristics and outcome data.
Patient Age
Sex
Ethnicity Location
Stage/Pathology
(years)
of tumor
#1

38

Female Caucasian

#2

52

#3

59

#4

48

#5

63

Male

#6

54

Male

Male

Caucasian

Male

Asian

Chemotherapeutic
agent

Outcome

Survival

No evidence of disease till 27
months and then local recurrence

Died 9 years from
the start of
chemoradiotherapy

Head

Resected; + margins

Capecitabine

Head

Locally advanced

5-FU

Stable disease for 16 months and Alive at 3 years and
improved symptoms
lost to follow-up

Head

Locally advanced

Capecitabine

Head

Resected; - margins; high
grade; 3+ lymph nodes

Capecitabine

No evidence of disease for 3 years. Alive at 3 years and
Lost to follow-up
lost to follow-up

Caucasian

Head

Locally advanced

Capecitabine

Stable disease for 13 months and Still on Sandostatinthen developed liver metastases LAR® and alive at
4.5 years

Caucasian

Head

Resected; + margins; 7+
lymph nodes; moderate
grade

Capecitabine

No evidence of disease for 12
Died at 2.5 years
months and then lymph node and
from the start of
liver metastases
chemoradiotherapy

Female Caucasian

or 5-FU and irradiation. Table 1 summarizes the
patients’ characteristics. Six patients (2 females and 4
males) with PNET treated with capecitabine or 5-FU
and radiation were identified. Median age of the patient
population was 52 years (range: 38 to 63 years). All 6
patients had biopsy proven PNET. One patient had
tumor resected with negative margins, 2 patients
underwent surgery with positive margins, and 3
patients had unresectable locally advanced disease.
Most patients were of Eastern Cooperative Oncology
Group (ECOG) performance status 0 to 1, with grade 0
to 1 weight loss, and grade 0 to 1 pain associated with
disease. No patients had prior treatment for
malignancy. Four patients were treated with
capecitabine (median dose 600 mg/m2 po bid; range:
600-800 mg/m2) and 2 patients were treated with
infusional 5-FU (175 mg/m2/day) with concurrent
radiation therapy. Radiotherapy began on the first day
of week 1 of capecitabine or 5-FU. The target volume
received external beam radiation at 180 Gy/day
delivered Monday through Friday for a total dose of
50.4 Gy. The treatment volume consisted of the gross
tumor volume (GTV), defined by pancreatic and
locoregional radiographic abnormalities identified by
contrast-enhanced computed tomography (CT), the
clinical target volume (CTV) defined as the area at risk
for subclinical microscopic disease, and the planning
target volume (PTV), typically consisting of a 0.5 cm
margin outside of the clinical target volume.
All patients completed the full course of chemoradiotherapy at the intended dose without a break or dose
reduction of therapy, with the exception of one patient
in whom 5-FU was held for 3 days due to grade 3
diarrhea. Two patients developed grade 2 hand-foot
syndrome: one during week 4 who required dose
reduction from 800 mg/m2 to 600 mg/m2 and the
second patient developed after finishing the chemoradiation. The patient who received 5-FU developed
grade 1 mucositis and no patient developed grade 3, or
more, hematological toxicity.
In our series, all 6 patients experienced clinical benefit
and partial radiographic response. One patient survived
9 years from following treatment and another patient is

Improved symptoms

Alive at 3 years

alive at 4.5 years but good disease control only on
Sandostatin-LAR®. Furthermore, the combined modality
treatments were well tolerated with minimal toxicity.
Our results are in agreement with the report presented
at the 2012 ASCO GI Cancers Symposium [7]. Review
of literature showed a previous report by Strosberg et
al. [8] in which 6 patients were treated with induction
chemotherapy followed by concurrent radiation with
infusional 5-FU or capecitabine. An objective radiographic response rate was observed in 80% of patents
and the chemoradiation was well-tolerated.
It appears that the synergistic effect of radiosensitization of 5-FU based agents and concomitant
radiotherapy provides excellent local control in the
setting of locally advanced PNETs. As we make strides
toward discovering the biology behind PNETs we may
be able to better understand the apparent radiosensitivity of these tumors [9]. Furthermore, as
radiotherapy techniques evolve to enable high doses to
be delivered in this anatomic region, dose escalation
may further improve the therapeutic window of chemoradiation [10].
The recent success of the biologic targeted agents, such
as everolimus and sunitinib, has renewed excitement
about treating advanced PNETs. Testing these agents
with radiation therapy may also provide another option
in a disease that historically has had few treatment
options.
Conflict of interest The authors have no potential
conflict of interest
References
1. Oberg K. Pancreatic endocrine
2010;37:594-618 [PMID 21167379]

tumors.

Semin

Oncol

2. Ehehalt F, Saeger HD, Schmidt CM, et al. Neuroendocrine
tumors of the pancreas. Oncologist 2009;14:456-467 [PMID
19411317]
3. Yao JC, Shah MH, Ito T, et al. Everolimus for advanced
pancreatic neuroendocrine tumors. N Engl J Med 2011; 364:514-23
[PMID 21306238]
4. Raymond E, Dahan L, Raoul J-L, et al. Sunitinib malate for the
treatment of pancreatic neuroendocrine tumors. N Engl J Med 2011;
364:501-13 [PMID 21306237]

JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 13 No. 2 - March 2012. [ISSN 1590-8577]

175

JOP. J Pancreas (Online) 2012 Mar 10; 13(2):174-176.

5. Oberstein PE, Saif MW. Safety and efficacy of everolimus in
adult patients with neuroendocrine tumors. Clin Med Insights Oncol.
2012; 6:41-51 [PMID 22253554]
6. Jensen RT, Delle Fave G. Promising advances in the treatment
of malignant pancreatic endocrine tumors. N Engl J Med
2011;364:564-565 [PMID 21306243]
7. Bertram W. Maidment, Trevor Ellison, Joseph M. Herman,
Navesh K Sharma, Dan Laheru, William Regine, et al. Radiation in
the management of pancreatic neuroendocrine tumors. J Clin Oncol
30, 2012 (suppl 4; abstr 335).

8. Strosberg J, Hoffe S, Gardner N, et al. Effective treatment of
locally advanced endocrine tumors of the pancreas with
chemoradiotherapy. Neuroendocrinology 2007;85:216-220 [PMID
17541257]
9. Strimpakos AS, Syrigos KN, Saif MW. Pancreatic
neuroendocrine tumors: role of novel agents. Highlights from the
"2011 ASCO Gastrointestinal Cancers Symposium". San Francisco,
CA, USA. January 20-22, 2011. JOP 2011;12:117-119 [PMID
21386634]
10. Dawson LA, Jaffray DA. Advances in image-guided radiation
therapy. J Clin Oncol 2007;25:938-946 [PMID 17350942]

JOP. Journal of the Pancreas - http://www.serena.unina.it/index.php/jop - Vol. 13 No. 2 - March 2012. [ISSN 1590-8577]

176

