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ABSTRACT

Context Pancreas cancer can potentially be cured by resection, but the role of adjuvant chemotherapy and/or chemoradiation has
been controversial. Objectives To better define clinicopathological factors that may serve as predictive and/or prognostic variables.
Patients Between 1984 and 2006, we retrospectively analyzed 91 patients with pancreas cancer treated with
pancreaticoduodenectomy or total pancreatectomy followed by adjuvant 5-fluorouracil-based chemoradiation at the University of
Pennsylvania. Final pathological coding including margin status was confirmed by a pathologist. Interventions Patients were treated
with 48.6 to 63.0 Gy, and 96.7% completed their prescribed radiation dose. Main outcome measures The prognostic significance of
demographic factors, stage, year of surgery, tumor location, grade, resection status, and number of positive lymph nodes on overall
survival were examined. Results With a median follow-up of 6.5 years, the overall median survival was 2.3 years (95% CI 1.5-3.2
years), and the 5-year overall survival was 28.9%. In multivariate analysis, completeness of resection (P<0.001), fewer number of
positive lymph nodes (0 vs. 1-2 vs. 3 or more) (P=0.004), and age less than, or equal to, 60 years (P=0.006) were all independently
associated with improved overall survival. The overall survival reported in this study compares favorably with the results of other
single-institution studies and with the RTOG 97-04 trial. Conclusions Adjuvant 5-FU-based chemoradiation following radical
pancreatectomy can be delivered safely and results in comparatively good overall survival. The results of this analysis underscore the
importance of resection status, number of involved lymph nodes and patient age as prognostic characteristics. These factors may be
considered stratification variables for future post-pancreatectomy adjuvant therapy trials.

INTRODUCTION adjuvant therapy and have shown improved clinical
outcomes, including overall survival, with adjuvant
therapy when compared with surgery alone [3, 4, 5, 6].
Nonetheless, controversies abound regarding the exact
role and benefit of adjuvant chemoradiotherapy [7, 8,
9, 10, 11, 12], and clinicopathological factors that may
serve as predictive and/or prognostic variables are not
well-defined [13, 14, 15, 16, 17, 18, 19]. In this
retrospective analysis, we report the experience with
adjuvant chemoradiation after pancreatico-
duodenectomy or total pancreatectomy at the
University of Pennsylvania and provide an analysis of
commonly accepted clinicopathological factors to

Although surgical resection is the only treatment
modality that provides the potential for cure in patients
with pancreatic adenocarcinoma, postoperative patients
receiving no further treatment remain at a very high
risk for local and distant relapse. Starting with the
Gastrointestinal Tumor Study Group (GITSG) study
[1] in 1985 and then followed by Whittington et al. [2]
in 1991, improved survival has been demonstrated with
adjuvant chemoradiotherapy. Over the subsequent
years, multiple reports have evaluated the role of
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cross-referencing with the Department of Radiation
Oncology medical record system, a total of 91 patients
with adenocarcinoma of the pancreas were identified
that were treated with adjuvant chemoradiation, and
represent the patient populations for this analysis.

Data Collection

All T and N stages were included; stage coding was by
AJCC 7" edition criteria. Data collected included
demographics (age, gender, race), location of
pancreatic tumors (head vs. body/tail), and pathologic
features (size, histologic grade, nodal status, and
resection status). Microscopic versus gross residual
disease was verified by careful review of both
operative and pathology reports. Final pathological
coding was confirmed with a pathologist specializing
in gastrointestinal malignancies (E.E.F.). Time points
included in this analysis consisted of dates of surgery,
discharge and adjuvant treatment. Radiation Oncology
Department clinic charts were reviewed to collect
treatment details. Death dates were determined via the
Social Security Death Index.

Treatment

Twelve surgeons performed all pancreatic resections at
our institution during the study period. However, a
single surgeon (E.F.R.) performed a majority (two-
third) of these resections. The 30- and 60-day crude
mortality rates for all resections of malignant lesions
from the pancreaticoduodenobiliary tract during the
study period were 1.8% and 3.4%, respectively
(n=572).

The use of concurrent chemoradiotherapy in the
postoperative setting became routine at the University
of Pennsylvania in 1984, and therefore, only patients
treated during or after 1984 are included. While
detailed chemotherapy data were not available for
some patients, documented records in the Radiation
Oncology clinic notes confirmed that all patients in this
report received a 5-FU-based regimen of concurrent
chemoradiotherapy. Prior to 1986, our institutional
policy was to treat patients with bolus 5-FU (500
mg/m?/day) on the first three and last three days of
radiation. This regimen evolved to the use of a 96 h 5-
FU infusion (1,000 mg/m?day) during the first and
fifth weeks of radiation. In 1991, the treatment policy

changed to 5-FU by protracted infusion (250
mg/m?/day) continuously throughout the course of
radiation. Patients who tolerated radiation and
completed treatment with a performance status of 1 or
2 generally received maintenance chemotherapy after
completion of adjuvant chemoradiotherapy with bolus
5-FU, 5-FU with low dose folinic acid, or gemcitabine.
All patients were treated with high-energy (mega-
voltage) photons delivered with a linear accelerator,
and CT-defined clinical target volumes routinely
included adjacent nodal beds. Patients were treated to
48.6 or 50.4 Gy, but some patients with R1 or R2
resections were treated to higher doses (54.0, 59.4 or
63.0 Gy). Eighty-eight patients (96.7%) completed
their prescribed radiation dose.

ETHICS

The secure database was created after approval from
the University of Pennsylvania Institutional Review
Board.

The written informed consent was obtained for all
investigations made according to the usual clinical
practice. The study protocol was approved by the
institutional review committee. The study protocol
conforms to the ethical guidelines of the World
Medical Association Declaration of Helsinki.

STATISTICS

Overall survival was defined from the date of surgery
to the date of death due to any cause, or censored at last
patient contact. The 5-year overall survival rate was
estimated by the Kaplan-Meier method and was
reported together with the standard error (SE). The
hazard ratio and statistical significance of each clinical
factor was assessed by Cox regression analysis. To
determine whether clinical factors were significant
independent prognostic factors, multivariate modeling
was performed using Cox regression analysis using a
backward elimination selection strategy. Prior to
modeling, tumor variables that were significant by
univariate regression analysis (T stage, N stage,
number of lymph nodes involved and resection status)
were tested for collinearity by a linear trend test. These
results were used to arrive at a parsimonious final
model. All analyses were performed in SPSS version
17.0 (SPSS Inc., Chicago, IL, USA), and two-tailed P

Table 1. Patient and disease characteristics. Numbers presented here are for adjuvant chemoradiotherapy arms only.

University of Penn series

Mayo Clinic series [1]

Johns Hopkins series [2] RTOG 97-04 trial [3]

(present study)

Total subjects 91 466 271 451
Median age 60 years 67 years 64 years 61-62 years
Male 60.4% (n=55) 54% 54% 57%
Tumor in head 86.8% (n=79) NA NA 86%
T3 or T4 tumor 74.1% (63/85) 52% NA 75%

N1 54.9% (n=50) 48% 80% 66%
High grade® 46.4% (39/84) 69% 43% 27%"
Margins positive 38.5% (n=35) NA 45% 34%

NA: Data not available
# High grade is defined as moderately poor to poor
® Data missing on 21 patients
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Table 2. Univariate analysis of survival from date of surgery.

Variable No. of patients 5-year overall survival Hazard ratio  95% confidence P value?®
Rate SE interval

Pancreas cancer patients 91 28.9% 5.5%

Gender: 0.962

- Male 55 29.5% 7.1% Reference -

- Female 36 28.1% 9.0% 1.0 0.6-1.7

Race: 0.026

- Caucasian 72 23.2% 6.1% Reference - -

- African-American 16 58.4% 13.1% 0.4 0.2-0.9 0.025

- Other 3 0.0 0.0 18 0.5-5.7 0.344

Age: 0.006

- 60 years or less 45 46.6% 8.7% Reference -

- More than 60 years 46 14.1% 5.9% 21 1.2-36

Date of surgery: 0.542

- 1980-1984 1 0.0 0.0 0.4 0.05-3.3 0.409

- 1985-1989 15 12.4% 10.7% 0.2 0.03-1.8 0.163

- 1990-1994 25 38.8% 9.9% 0.3 0.04-2.2 0.229

- 1995-1999 19 25.3% 10.2% 0.3 0.04-2.6 0.292

- 2000-2004 21 34.3% 11.2% 0.2 0.02-2.0 0.167

- 2005-2006 10 NR - Reference - -

Days from surgery to discharge: 0.827

- 14 days or less 39 36.1% 9.6% Reference -

- More than 14 days 27 31.0% 9.2% 11 0.6-2.0

Days from surgery to start of radiotherapy: 0.261

- 60 days or less 46 20.7% 6.7% Reference -

- More than 60 days 45 41.0% 8.1% 0.8 0.5-1.2

Tumor location: 0.306

- Head 79 26.7% 5.7% Reference

- Distal 12 50.9% 16.3% 0.7 0.3-15

Grade: 0.749

- Well to moderately-well 14 36.4% 14.0% Reference - -

- Moderate 31 27.0% 9.5% 11 0.5-2.4 0.720

- Moderately-poor to poor 39 21.6% 8.0% 13 0.6-2.6 0.466

Tumor size: 0.233

-2cmor less 17 42.5% 13.0% Reference -

- Greater than 2 cm 60 22.2% 6.8% 15 0.8-2.9

T stage: 0.048

-T1-T2 22 34.7% 12.8% Reference -

-T3-T4 63 24.0% 6.2% 1.8 1.0-34

N stage: 0.036

-NO 41 45.2% 8.8% Reference -

-N1 50 15.2% 6.2% 1.7 1.0-2.8

Resection status: <0.001

- Complete 56 35.3% 7.8% Reference - -

- Microscopic 24 25.0% 9.4% 17 0.9-2.9 0.079

- Gross disease 11 0.0 0.0 6.7 3.0-15.0 <0.001

No. of positive lymph nodes: 0.004

-0 41 45.2% 8.8% Reference - -

-1-2 35 23.1% 8.6% 13 0.8-2.3 0.323

- 3 0r more 15 0.0 0.0 3.4 1.8-6.8 <0.001

NR: not reached
2 Cox regression analysis

values less than 0.05 were considered statistically
significant.

RESULTS
Patient and Disease Characteristics

A comparison of these characteristics with other large
series of pancreatic cancer patients treated with
adjuvant chemoradiotherapy is presented in Table 1.
Demographic and disease characteristics of the patients
in this analysis are shown in Table 2. The majority of
patients were Caucasian (72 patients, 79.1%); men
comprised 60.4% of the study population (55 patients).
The median age was 60 years. Tumors were
predominately located in the head of the pancreas (79
patients, 86.8%). The majority (63 patients, 69.2%)
were T3/T4 and over half (50 patients, 54.9%) had
nodal involvement. High grade tumors (39/84 patients,
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46.4%) and positive resection margins (35 patients,
38.5%) were seen in less than half of the cases.

Survival Outcomes

The median follow-up was 6.5 years for all patients. Of
the 91 patients in the series, 64 (70.3%) are deceased.
The median survival from the date of surgery was 2.3
years (95% confidence interval 1.5-3.2 years). The
overall survival rate (xSE) at 2 and 5 years was
56.2+5.4% and 28.9+5.5%, respectively (Figure 1). For
the 27 patients alive at last contact, the median follow-
up was 2.8 years.

Characteristics Associated with Survival

Gender was not significantly associated with overall
survival (P=0.962), but race was (P=0.026), with 5-
year overall survival rates (+SE) of 58.4+13.1% for
African-American and 23.2+6.1% for Caucasian

440



JOP. J Pancreas (Online) 2011 Sep 9; 12(5):438-444.

Median = 2.3 ysars

Probability
it

Years after Surgery

Figure 1. Overall survival after surgical resection for pancreatic
adenocarcinoma. Median follow up was 6.5 years, and the median
overall survival was 2.3 years. Crosses represent censored patients.

patients (Table 2). Age, dichotomized at the median
(60 vyears), was also found to be significantly
associated with overall survival (P=0.006). The 5-year
overall survival rate for patients older than 60 years
was 14.1+5.9% and for patients up to 60 years was
46.6+8.7%, with a corresponding hazard ratio (HR) of
2.1 (Figure 2a).

Patients with T1-T2 lesions had significantly better
overall survival than patients with T3-T4 lesions (5-
year survival 34.7£12.8% vs. 24.0£6.2%, P=0.048).
Both the American Joint Committee on Cancer (AJCC)
nodal status (N1 vs. NO) (HR 1.7, P=0.036), and the
number of positive lymph nodes showed a statistically
significant association with overall survival. We
defined cutoffs for number of positive lymph nodes as
0, 1-2 or more than 2. The 5-year overall survival rates
for these three groups were 45.2+8.8%, 23.1+8.6% and
0%, respectively (P=0.004, Figure 2b). Resection status
was also strongly associated with overall survival
(P<0.001, Figure 2c). The 5-year overall survival rates
were 35.3+7.8%, 25.0£9.4% and 0% for RO, R1 and
R2 patients, respectively. Tumor location within the
pancreas, histological grade and tumor size
dichotomized at 2 cm were not significantly associated
with overall survival.

Given ongoing improvements in surgical technique and
perioperative care, we evaluated the impact of
treatment era and stratified patients by 5-year
increments according to year of surgery. There was no
association between overall survival and study period
(P=0.542). Five-year overall survival rates were
consistently at or above 25% from 1990 onward.
Duration of hospital stay and interval from surgery to
the initiation of adjuvant therapy, each dichotomized at
the median value, were also not significantly associated
with survival (P=0.827 and P=0.261, respectively).

Multivariate Analysis

To determine whether the factors found to be
significant in univariate analyses were independent
prognostic factors, a multivariate analysis was
undertaken, taking into account collinearity among

variables. T stage was found to be strongly associated
with resection status (P=0.003) and was thus not
retained in the final model. There was a weak
association between resection status and the number of
positive lymph nodes (P=0.106) with a fewer node-
positive patients who had RO resections. Resection
status, age (dichotomized at 60 years) and the number
of positive lymph nodes (in 3 groups, as defined
earlier) were found to be independent predictors of
survival from surgery (Table 3). Resection status stood
out as the most strongly associated characteristic, with
gross residual disease (R2) having an adjusted hazard
ratio of 7.8 (95% CI: 3.4-17.8), when compared to no
residual disease (RO).
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Figure 2. Overall survival after surgical resection for pancreatic
adenocarcinoma by age group (a.), number of positive lymph nodes
(b.), and resection status (c.).
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Table 3. Multivariate analysis of survival from date of surgery (Cox regression analysis).

Variable Univariate results of candidate factors

Multivariate results (final model)

Unadjusted HR 95% CI P value Adjusted HR 95% CI P value
Race: 0.026 - - -
- African-American vs. Caucasian 0.4 0.2-0.9 0.025
- Other vs. Caucasian 1.8 0.5-5.7 0.344
Age: More than 60 years vs. up to 60 years 2.1 1.2-3.6 0.006 2.2 1.3-38 0.004
T stage: T3-T4 vs. T1-T2 1.8 1.0-3.4 0.048 - - -
N stage: N1 vs. NO 1.7 1.0-2.8 0.036 - - -
Resection status: <0.001 <0.001
- Microscopic (R1) vs. complete (RO) 1.7 0.9-2.9 0.079 14 0.8-2.5 0.224
- Gross disease (R2) vs. complete (R0) 6.7 3.0-15.0 <0.001 7.8 3.4-17.8 <0.001
No. of positive lymph nodes: 0.004 0.003
-1-2vs.0 13 0.8-2.3 0.323 13 0.7-2.3 0.362
- 3+vs. 0 34 1.8-6.8 <0.001 3.4 1.7-6.8 0.001

HR: hazard ratio

DISCUSSION

Adjuvant Therapy Outcomes and Prognostic
Variables

At the University of Pennsylvania, we have offered
postoperative chemoradiotherapy routinely for over
two decades to all patients with pancreatic cancer who
have undergone potentially curative surgical resection.
In 91 patients treated, a 5-year overall survival rate of
28.9% and a median survival of 2.3 years has been
achieved. These results compare favorably with similar
reports of postoperative adjuvant chemoradiotherapy,
where 5-year overall survival rates range from 16.5%
to 28.0% and median survival ranges from 1.49 to 1.84
years (Table 4). The EORTC study reported a 5-year
overall survival rate of 20% and a median survival of
1.43 years for pancreatic head tumor patients [20]. In
addition, the 5-year overall survival results reported by
ESPAC-1 were 13% and 7% in patients who received
postoperative chemoradiotherapy with or without
maintenance chemotherapy, respectively [5]. Also, in
the American College of Surgeons Oncology Group
(ACOSOG) 205031 multi-institutional phase Il study,
which continues to report some of the most favorable
results presented to date, 89 patients treated with
postoperative radiotherapy to 50.4 Gy with concurrent
protracted venous infusion of 5-FU, cisplatin and
interferon-alpha achieved a median survival time of
2.26 years [21, 22].

In an attempt to identify independent prognostic factors
that may be associated with survival after adjuvant
chemoradiotherapy, in univariate we found that gender,
primary tumor location (pancreatic head versus distal
site), and histologic grade, as well as race in the
successive multivariate analysis, all failed to
demonstrate associations with survival in this series.
Our results, however, indicate that age (dichotomized
at 60 years), resection status and number of positive
lymph nodes were strongly, and independently,
associated with survival. Although T stage and
resection status were strongly associated, only
resection status was retained in the final multivariate
model and thus should be viewed as a superior
predictor of survival. In most other major series,
resection status, T and N stages, and tumor grade, in

various combinations, are the variables that have been
consistently shown to be associated with survival
outcomes [5, 14, 15, 20]. While our results are similar,
they indicate that resection status may be the primary
determinant of outcomes, and that the number of
positive lymph nodes may be a better prognosticator
than a simple binary lymph node variable (NO vs. N1).
Keeping in line with this observation, the planned
subset analysis by the ACOSOG Z05031 study also
failed to identify a prognostic value for T1-T2 vs. T3-
T4, tumor size (less than 3 cm), and nodal status [21].
Resection of T4 tumors is only partial by nature, and
the lack of long term survivors with R2 resections
emphasizes the importance of achieving complete
resections when the intent is curative. Although not all
series agree on the same age cutoff, we found that age
less than 60 years was strongly associated with
survival.

In our current report, 97% of patients were able to
safely complete their prescribed radiation dose. We
believe adequate nutritional support plays an important
role and have provided a separate analysis from our
experience elsewhere [23]. This includes close
attention to nutritional concerns, including the common
practice of leaving in place a feeding jejunostomy
tubes by at least one surgeon (E.F.R.).

Study Limitations

The authors acknowledge that retrospective collection
of data from a single institution limits interpretation of

Table 4. Comparison of various adjuvant chemoradiation studies.
Five-year Median
overall survival
survival

University of Penn series (present study) 28.9%  2.30 years

Mayo Clinic series [1] 28.0%  1.80 years®
Johns Hopkins series [2] 20.1%  1.49 years®
RTOG 97-04 trial [3] 16.5%  1.84 years®

® Survival data for all series are presented for the adjuvant
chemoradiotherapy arms only

® Mayo Clinic and Johns Hopkins series: survival from date of
surgery

¢ RTOG 97-04: survival from date of randomization
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our findings. Many patients following resection sought
their adjuvant therapy outside of our institution, and the
long-term outcomes for these patients were not
analyzed. Yet, it should be emphasized that our study
population was inclusive of all patients who completed
trimodality therapy at our institution with a broad age
range (32-81 years) and included 11 patients with
grossly positive margins and 10 patients with invasion
of the superior mesenteric artery or celiac axis. There
has long been a uniform policy to offer trimodality
therapy to patients with both favorable and unfavorable
pathologic factors, and this is easily identifiable in our
dataset with inclusion of pT1NO lesions with negative
margins as well as pT4 lesions, which by definition
have grossly positive margins. CA 19-9 levels, which
have also been shown to be prognostic in other series,
were not available for all of these patients due to the
treatment era.

Ultimately, a prospective randomized trial of
postoperative chemotherapy with and without radiation
is needed to help resolve the controversy regarding the
role of adjuvant therapy and prognostic variables for
pancreatic cancers. A recently conducted randomized
phase I1/111 study of adjuvant gemcitabine with and
without radiation therapy for pancreatic cancer was
reported. The study has not yet been unblinded and the
pooled analysis (all patients combined) reported a 1-
year overall survival of 79.4% [24]. Chemoradiation
has largely been abandoned by European practitioners,
but the Radiation Therapy Oncology Group (RTOG)
has recently opened an intergroup trial to address this
important question. Also, traditional prognostic and
predictive variables may be supplemented with genetic
profiles to determine radiosensitivity, and detection of
patients with subclinical metastatic disease [25, 26, 27,
28].

CONCLUSION

Numerous institutions currently employ a strategy of
trimodality therapy with postoperative chemoradio-
therapy and the literature is now replete with
suggestions of favorable outcomes with this treatment
approach [1, 2, 14, 15, 20, 22, 29, 30, 31, 32, 33].
However, definitive information is lacking and until
randomized trials establish uniformly accepted
standards, results such as those presented in this report
can continue to help guide treatment decisions in the
adjuvant setting and provide further evidence for the
efficacy of adjuvant chemoradiation following
resection of pancreatic cancers. The results of this
study also underscore the importance of resection
status, number of involved lymph nodes and patient
age as prognostic characteristics and they may be
considered stratification variables for future post-
pancreatectomy adjuvant therapy trials.
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