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Purpose: We retrospectively analyzed the results of patients with locally advanced unresectable pancreatic
cancer (LAPC) treated with either chemoradiation (CRT) or chemotherapy alone over the past decade.
Methods and materials: Between December 1998 and October 2009, 116 patients with LAPC were
treated at our institution. Eighty-four patients received concurrent chemoradiation [RT (+) group], primarily
5-flourouracil based (70%). Thirty-two patients received chemotherapy alone [RT (-) group], the majority
gemcitabine based (78%). Progression-free survival (PFS) and overall survival (OS) were calculated from
date of diagnosis to date of first recurrence and to date of death or last follow-up, respectively. Univariate
statistical analysis was used to determine significant prognostic factors for overall survival.

Results: Median patient age was 67 years. Sixty patients were female (52%). Median follow-up was 11 months
(range, 1.6-59.4 months). The RT (+) group received a median radiation dose of 50.4 Gy, was more likely
to present with ECOG 0-1 performance status, and experienced less grade 3-4 toxicity. PFS was 10.9
versus 9.1 months (P=0.748) and median survival was 12.5 versus 9.1 months (P=0.998) for the RT (+) and
RT (-) groups respectively (P=0.748). On univariate analysis, patients who experienced grade 3-4 toxicity had
worse overall survival than those who did not (P=0.02).

Conclusions: Optimal management for LAPC continues to evolve. Patients who developed treatment-

related grade 3-4 toxicity have a poorer prognosis. Survival rates were not statistically significant between

chemotherapy and chemoradiotherapy groups.
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Introduction

Pancreatic cancer remains a highly lethal malignancy
despite advances in treatment. In 2009 there were 42,470
new cases of pancreatic cancer and 35,240 deaths from the
disease (1). At initial diagnosis, 50% of patients present with
metastatic disease, 30% present with a locally advanced
tumor, and only 20% are resectable. Surgical resection
remains the only potentially curative therapy. The large
number of recurrences and/or distant failures following
resection suggest that microscopic metastases continue to be
an obstacle to better outcomes. Patterns of spread include
direct extension, lymphatic spread to regional lymph nodes,

© Pioneer Bioscience Publishing Company. All rights reserved.

Submitted Apr 19, 2012. Accepted for publication Apr 20, 2012.

Scan to your mobile device or view this article at: http://www.thejgo.org/article/view/604/html

and hematogenous spread to distant sites. For all stages, the
1- and 5-year survival rates are 25% and 6%, respectively.
Even for patients diagnosed with localized disease, the 5-year
survival rate is only 22% (2).

Treatment of locally advanced unresectable pancreatic
cancer (LAPC) has evolved to consist of chemotherapy
alone or in combination with radiation, in hopes of
achieving better survival. Although the reported benefits
of chemoradiation (CRT) are controversial, it remains a
management option for patients with LAPC. The survival
advantage to a chemoradiation approach has not been
consistently demonstrated (3) and there are few randomized
phase III studies evaluating the role of combined modality
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therapy in recent years (4-10). There is thus a need to
further examine the role of chemoradiation in LAPC.
In this study, we retrospectively analyzed the results

of patients with LAPC treated with either CRT or
chemotherapy alone over the past decade.

Materials and methods
Patients

Between December 1998 and October 2009, 253 patients
with pancreatic adenocarcinoma were identified. Of these,
159 underwent treatment with CRT or chemotherapy
alone. Patients with metastatic disease at presentation
and those that underwent surgery for definitive resection
were excluded from analysis, as were patients with islet-
cell tumors and mucinous cystadenocarcinoma. The
remaining 116 patients formed the study population for this
Institutional Review Board-approved retrospective analysis.
Baseline patient and tumor characteristics were reviewed,
including age, gender, race, weight loss >10%, Eastern
Cooperative Oncology Group performance status, tumor
diameter (mm), tumor location, T stage, nodal status,
histologic grade, and non-obstructive pre-treatment CA
19-9 levels when available. Stage was determined according
to the American Joint Committee on Cancer staging
system, 6™ edition (11). Patient data were obtained through
the tumor registry and review of medical records.

Treatment

Referral for chemoradiation was done at the discretion
of the attending surgeon and/or medical oncologist after
multidisciplinary discussion. Chemoradiation was offered
primarily to patients with T3 or higher disease and/or
with nodal involvement. These patients were deemed
unresectable based on radiographic imaging, surgical
consultation, and multidisciplinary consensus.

Patients who received radiation underwent CT
simulation for treatment planning and received three-
dimensional conformal external-beam radiation to the
abdomen. Radiotherapy was delivered on linear accelerators
using 6-23 MV photons. CT-based treatment planning was
done using the Theraplan Plus treatment planning system
(MDS Nordion, Ottawa, Ontario, Canada) and the Eclipse
Treatment Planning System (Varian Medical Services, Palo
Alto, CA, USA). Targets and organs at risk were contoured.
Treatment field arrangements were designed to encompass
targets with margin while sparing organs at risk. Planning
dose constraints used were consistent with those postulated
by Emami ez a/. (12). Toxicity from treatment was graded
per Radiation Therapy Oncology group (RTOG) and the
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European Organization for Research and Treatment of
Cancer (EORTC) common toxicity criteria (13) by a single
person after review of medical records.

Endpoints

Patterns of failure were defined by first relapse event,
determined based on radiographic imaging, and categorized
as locoregional versus distant. Progression-free survival
(PFS) was calculated from date of diagnosis to date of first
recurrence, date of death, or date of last follow-up. Date of
first recurrence was determined based on radiologic follow-
up imaging. Overall survival (OS) was calculated from date
of diagnosis to date of death or last follow up.

Statistical analysis

Univariate statistical analysis was used to determine
significant prognostic factors for OS and PFS. Statistical
analyses for comparing groups in regards to categorical
variables were performed using Fisher’s exact test. Similar
comparisons for continuous variables were done using the
Wilcoxon non-parametric test with exact p-values. The
Kaplan-Meier method was used to obtain PFS and OS
estimates. Survival was compared between groups using
the log-rank test. Estimates of risk were obtained using the
proportional hazard model. Values for continuous variables
are given as median (range). Values for categorical data are
specified as frequency. Statistical analysis was performed
using SAS statistical analysis software version 9.2 (SAS
Institute Inc, Cary, NC, USA). A nominal significance level
of 0.05 was used.

Results

Of the 116 patients, 60 (52%) were female with a median
age of 67 years (range, 43-89). Eight-four patients (72%)
received chemoradiation [RT (+) group] and 32 (28%)
patients received chemotherapy alone [RT (-) group].
Patient and treatment characteristics of both groups
are summarized in Table 1. RT (+) and RT (-) groups
were similar with respect to age, gender, percent weight
loss, tumor size, T-stage, nodal status, histologic grade,
pre-treatment CA 19-9, and use of gemcitabine based
chemotherapy (all P=ns). The median radiation dose was
50.4 Gy (range, 32.4-60) in the RT (+) group. Patients in
the RT (+) group were more likely to have an ECOG of
1-2 (96% vs. 81%, P=0.01) and experience less Grade 3-4
toxicity than the RT (-) group (19.1% vs. 45.1%, P=0.01).
Of the 84 patients in the RT (+) group, 24 received
induction chemotherapy followed by CRT and then
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Table 1 Patient and treatment characteristics

Malik et al. Retrospective analysis of treatment of LAPC

Characteristic RT (+) [n=84] RT (-) [n=32] P-value

Age
Median 67 68 0.156
(yrs) [43-89] [561-88]

Gender
Male 41 15 1.000
Female 43 17

Race
White 77 26 0.184
Non-White 7 6

Weight Loss >10%*
Yes 50 21 0.478
No 26 7

ECOG
0-1 81 26 0.013
2 3 6

Tumor diameter (mm)t
Median 40 40 0.548
Range [13.00-85.00] [10.00-76.00]

Tumor locationF
Head 52 17 0.755
Body/Tail 15
Overlapping 14
Others &

T-stage
T4 60 28 0.090
T3 24 4

Node status
Negative 51 19 1.000
Positive 33 13

Histologic grade¢
-1 46 19 0.610
m-1v 15

Pre-treatment CA 19-9#
Median 290.65 391.40 0.233
Range [1.2-61070.0] [6.0-19142.0]

Grade 3-4 toxicity
Yes 16 14 0.0078
No 68 17

additional chemotherapy; 41 received CRT followed by
chemotherapy and 19 received CRT alone. Concurrent
chemoradiation was primarily (70%) 5-fluourouracil based.
The remaining 32 patients comprising the RT (-) group
received chemotherapy alone with the majority (78%)
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receiving gemcitabine-based chemotherapy.

With a median follow-up of 11 months (range, 1.6-
59.4 months), local recurrences and/or distant metastasis
were observed in 53% of patients. The majority (92%) had
distant metastatic disease. The most frequent site of distant
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Parameter RT (+) (n=84) RT (-) (h=32)
Total no. of treatment failures 50 11
Local only 1
Distant only 37 10
Locoregional +distant 0
Table 3 Univariate analysis for progression-free survival and overall survival
Variable 1-yr PFS (%) 1-yr OS (%) P (Cl)

Age

<65 48.5 0.1464 54.6 0.0675

>65 38.90 (0.49,1.12) 45.0 (0.45,1.03)
Tumor size>30 mm

Yes 38.50 0.4863 43.4 0.3747

No 43.70 (0.74, 1.91) 51.3 (0.77,2.00)
T stage

T4 43.6 0.4227 49.2 0.6289

1 38.3 (0.52,1.32) 45.4 (0.56,1.42)
Nodal Status

Positive 441 0.9285 57.0 0.5941

Negative 411 (0.66,1.46) 42.4 (0.75,1.66)
Grade IlI/IV

Yes 26.7 0.0053 36.7 0.0231

No 47.6 (0.57,1.53) 52.1 (1.07,2.54)
Pre-treatment CA 19-9>1,000

Yes 52.9 0.7725 51.4 0.9590

No 47.0 (0.51,1.64) 57.8 (0.55,1.77)
Chemotherapy regimen

Gem 40.6 0.1549 48.4 0.2932

Non-gem 52.4 (0.87,2.43) 52.4 (0.79,2.22)
RT (+)

Yes 44.2 0.7482 52.6 0.9976

No 37.5 (0.60,1.44) 37.5 (0.64,1.55)

metastasis was the liver (47%). Detailed patterns of failure
by treatment modality are shown in Table 2.

Univariate analysis showed that grade 3-4 toxicity was
an adverse prognostic factor affecting PFS and OS. Other
patient and treatment factors including age, tumor size,
T stage, nodal status, histologic grade, pre-treatment CA
19-9, chemotherapy regimen, and the use of RT were also
analyzed and are summarized in Table 3.

When evaluated by treatment modality, PFS was
10.9 months for the RT (+) group versus 9.1 months for
the RT (-) group (Figure I1). One-year OS was 52.6% alive
at one year in the RT (+) group versus 37.5% in the RT (-)
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group (P=0.15). Median OS was 12.5 versus 9.1 months for
the RT (+) group and RT (-) groups, respectively (Figure 2).

In patients with good or excellent performance status
(ECOG 0-1), subset analysis showed that PFS was
10.5 months compared to 7.6 months for the RT (+) and
RT (-) groups, respectively (P=0.7574). The median OS was
12.2 months versus 7.6 months for the RT (+) groups and RT (-)
groups, respectively (P=0.54) in the ECOG 0-1 subset.

Discussion

The role of combined therapy for LAPC continues to
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Figure 1 Progression free survival (months)

evolve. The goals of radiotherapy in LAPC include
improvement in local control and palliation of pain and/
or obstructive symptoms. Trials of chemoradiation versus
chemotherapy alone in LAPC have reported mixed findings
regarding survival and are summarized in Table 4 (4-6,9,10).
In a trial conducted by the Gastrointestinal Tumor Study
Group (5), the effect of concurrent chemoradiotherapy
versus chemotherapy alone in LAPC was evaluated and a
benefit in survival from combined modality therapy was
noted. The chemoradiation arm consisted of radiation
combined with 5-fluorouracil to a total dose of 54 Gy in
1.8 Gy fractions followed by maintenance streptozocin,
mitomycin and 5-fluorouracil (SMF). The chemotherapy-
only arm was SMF combination chemotherapy for two
years or until progression. In this trial, the one-year OS was
41% in the chemoradiation arm compared to 19% in the
chemotherapy-alone arm (P<0.02).

Modern chemotherapy and radiation techniques have been
tested in two recent phase III trials evaluating the efficacy
of chemoradiation. In the trial by the Eastern Cooperative
Oncology Group (E4201), patients with LAPC were randomly
assigned to chemoradiation (50.4 Gy in 28 fractions) with
concurrent gemcitabine (600 mg/m’ weekly x6) followed by 5
cycles of gemcitabine alone (1,000 mg/m’ weekly x3 every 4 wks)
versus gemcitabine alone (1,000 mg/m’ weekly x3 every 4 wks)
for 7 cycles. This trial showed that chemoradiation was
associated with a slightly improved survival (11 versus 9.2
months, P=0.044) (4).

In a second recent study by Chauffert ez /. reported in
2008 (10), chemoradiation was delivered to a total dose of
60 Gy concurrently with cisplatin (20 mg/m’/day, days 1-5
during weeks 1 and 5) and 5-fluorouracil (300 mg/m’/day, days
1-5 for 6 weeks). The chemotherapy-alone arm consisted of
gemcitabine (1,000 mg/m’ weekly for 7 weeks). Maintenance
gemcitabine (1,000 mg/m* weekly, 3/4 weeks) was given
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Figure 2 Overall survival (months)

in both arms until disease progression or toxicity. Overall
survival in this trial was shorter in the chemoradiotherapy
arm (13.0 vs. 8.6 months, P=0.044) and these patients
experienced a higher rate of grade 3-4 toxicity compared
with the chemotherapy arm (66% vs. 40% respectively;
P=0.0008). A potential explanation for increased toxicity
is the combination of aggressive chemotherapy delivered
with concurrent radiation (60 Gy concurrent with cisplatin
followed by high-dose weekly maintenance gemcitabine).
Due to inferior survival in the chemoradiation arm, this
study was stopped prior to planned enrollment. However,
it adds to the growing body of opinion that the benefit of
chemoradiation for LAPC is likely confined to a carefully
selected group of patients.

We observed prolonged median survival, from 9 to
12 months, in the RT (+) group. Although not statistically
significant, our limited sample size precluded our ability
to detect such a difference. Retrospective power analysis
revealed that it would require more than 500 patients
to detect the difference between the 9 and 12 month
median survival observed in the RT (-) and RT (+) groups
respectively with 80% power. Excluding the study of
Chauffert ez 4/., phase II and III multi-institutional data
have reported similar survival results for patients with
LAPC treated with chemotherapy (range, 9.1-9.0 months)
(4,14,15) and chemoradiation (range, 11.0-11.9 months)
(4,16,17).

Comparison of patient characteristics between each
treatment modality group [RT (+) and RT (-) groups] using
the Fisher’s exact test revealed that some of the potential
prognostic factors were not evenly distributed between
the groups. Patients in the RT (-) group were more likely
to have co-morbidities and poor performance status than
those in the RT (+) group. Therefore, these patients were
less likely to be selected for chemoradiation. We observed
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Table 4 Randomized trials comparing chemoradiation versus chemotherapy
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Study N Arms Median survival One year survival
Hazel et al. 1981 30 ArmA (n=15): CT: 5FU 500 mg/m’/wk bolus Arm A: 7.8 months
+ methylCCNU PO 100 mg/m?/6 wk until Arm B: 7.3 months
progression
Arm B (n=15): CRT: RT 46 Gy (5x2Gy/wk)
+ FU 520 mg/m?’/wk bolus+maintenance
CT as arm A until progression
Klaassen etal. 1985 91  Arm A (n=44): CT FU 600 mg/m?/wk bolus ~ Arm A: 8.2 months 28% vs. 30%
until progression Arm B: 8.3 months
Arm B (n=47): CRT: RT 40 Gy, 5x2 Gy/wk +
FU 600 mg/m® on days 1-3+ maintenance
FU 600 mg/m®/wk until progression
GITSG et al. 1988 43 Arm A (n=21): CT: FU 600 mg/m’ bolus on  Arm A: 8.0 months 19% vs. 41% (P<0.02)
days 1,8,29,36 + streptozocin 1 g/m2/8 wk Arm B: 10.5 months
+ MMC 10 mg/m?/8wk until progression
Arm B (n=22): CRT: RT 54 Gy, 5x1.8 Gy/
wk + FU 350 mg/m? bolus on days 1-3 and
36-38 + maintenance CT as arm A until
progression.
ECOG 4201 2009 74 Arm A: CT: gemcitabine 1,000 mg/m?/wk Arm A: 9.2 months
on days 1,8,15;7 cycles Arm B: 11 months (P=0.044)

FFCD/SFRO 2008

19

Arm B CRT: RT 50.4 Gy, 5x1.8 Gy/wk +
gemcitabine 600 mg/m®/wk-maintenance
gemcitabine 1,000 mg/m?/wk on days
1,8,15; 5 cycles

Am A (n=60): CT: gemcitabine 1,000 mg/m?/wk
+maintenance gemcitabine 1,000 mg/m?/
wk until progression Arm B (n=59): CRT:
RT 60 Gy, 5x2 Gy/wk + FU 300 mg/m?/wk
Cl 5 d/wk + cisplatin 20 mg/m®/d on days
1-5 and 29-33 + maintenance gemcitabine
1,000 mg/m?/wk until progression

Arm A:
Arm B:

13.0 months
8.6 months (P=0.03)

that the patients in the RT (+) experienced fewer grade
3/4 toxicities from treatment than did historical controls.
Univariate analysis of patient characteristics showed that
a reduced frequency of grade 3/4 toxicity predicted for
improved PFS and one-year OS.

Our data suggest that chemoradiation can be delivered
safely and that acceptable toxicity is achievable with strict
quality assurance, multidisciplinary management, and
appropriate patient selection. It also highlights the need
for a consistent approach to modern radiotherapy in an
anatomic region with unique planning considerations, to
avoid overdosing the neighboring radiosensitive organs
reported by our group previously (18-21). CT simulation
and three-dimensional conformal treatment planning was
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used in our study. Radiotherapy up to 54 Gy was delivered
over a period of 5-7 weeks using standard fractionation. No
planned treatment break or altered fractionation schemes
were used. Potential detrimental effects of treatment
interruptions and lack of effective systemic effect during a
protracted radiation course on tumor control has led to the
investigation of altered fractionation schemes, including
shorter courses of high-dose radiotherapy using image
guidance, as well as more conformal techniques (22-27).
This is an area under active investigation and needs to be
tested in a randomized setting (23,24,28,29).

Although local control rates have been improved by
innovations in radiation therapy, systemic failure remains
a major obstacle in improving survival. In our patterns of
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failure analysis, we found that the majority of treatment
failures in both groups occurred at distant sites. The
proportion of patients with a component of distant
metastasis in the RT (+) group was 92% (46 of 50) and it
was 91% (10 of 11) in the RT (-) group. The need for more
effective chemotherapy is suggested by the high rate of
distant metastasis in the RT (+) and RT (-) groups as shown
in Tuble 2.

Over the last 10 years, gemcitabine alone and in
combination has evolved as a standard of chemotherapy
in LAPC (30,31). In more recent phase I/II studies,
concurrent gemcitabine with radiation has shown promise
in the treatment of locally advanced unresectable disease
with manageable toxicity (32-40). In some of these trials,
radiation targets included elective coverage of draining
lymphatics, resulting in large treatment volumes that
may have contributed to the increased toxicity that was
described. Conformal radiation fields combined with
newer systemic agents may help to reduce toxicity of
treatment. More recently, biologic agents such as erlotinib
have been tested in combination with gemcitabine, with
varying success (7,14,41). There is a need for clinical trials
using newer systemic agents and molecular targets to
evaluate their efficacy in reducing the incidence of distant
metastases.

Our study is limited by its retrospective nature, small
sample size, and lack of data regarding quality of life. Many
of the cited studies in this patient population have not
incorporated assessments of quality of life, improvement in
performance status, and palliation of symptoms (4-6,9,10).
These endpoints are important to consider in patients with
limited survival and marginal performance status who are
at increased risk for toxicity from chemoradiation. In 2002,
a study in Japan looked at combined-modality therapy
versus best supportive care and found that locally advanced
patients who underwent treatment derived benefit in quality
of life as measured by a maintained performance status (42).

An attractive strategy to facilitate patient selection for
CRT is through a trial of upfront systemic therapy followed
by re-assessment. Radiotherapy may offer a survival
benefit in patients with disease that proves to be localized
after a period of time. Many patients will progress during
induction chemotherapy and may be spared the added
toxicity of combined-modality therapy.

In a study by The Groupe Cooperateur Multidisciplinaire
en Oncologie (GERCOR) LAPO07, 181 patients were
reviewed who were treated with 5-fluorouracil (5-FU)
or gemcitabine-based chemotherapy for four months.
Those without evidence of disease progression were given
additional chemotherapy or chemoradiation. Overall
survival was improved in patients who went on to receive
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chemoradiation (43). In our study, 24 patients received
induction chemotherapy followed by CRT and then
additional chemotherapy. The median survival of these
patients was 14.5 months (95% CI, 11.1-18.4) compared to
11.9 months (95% CI, 9.8-12.8) for the patients who did not
receive induction chemotherapy prior to chemoradiation.

In addition to appropriate patient selection, a more
effective surrogate marker is needed to identify those
patients most likely to benefit from additional therapy.
CA19-9 is the most commonly used tumor marker in
patients with pancreatic cancer. Occult metastatic disease
may be suggested by rising tumor markers such as CA 19-9
during the induction period. Perioperative CA 19-9 levels
have been shown to be prognostic in patients with resectable
disease (44); CA 19-9 is a useful marker to incorporate
into decisions regarding adjuvant therapy. Similarly, recent
studies have shown that the peri-chemoradiation serum CA
19-9 level is an independent predictor of recurrence and
survival after chemoradiation in LAPC (45,46).

Conclusion

Optimal management for locally advanced, unresectable
pancreatic cancer continues to evolve. Chemoradiation is
a management option in appropriately selected patients.
Chemotherapy alone is also an option, especially for
patients with marginal performance status.
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