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Abstract

Background—Pancreas cancer is highly lethal even at early stages. Adjuvant therapy with
chemotherapy (CT) or chemoradiation (CRT) is standard following surgery to delay recurrence
and improve survival. There is no consensus on the added value of radiotherapy (RT). We
conducted a retrospective analysis of clinical outcomes in pancreas cancer patients treated with CT
or CRT following surgery.

Methods—~Patients with resected pancreas adenocarcinoma were identified in our institutional
database. Relevant clinicopathologic and demographic data were collected. Patients were grouped
according to adjuvant treatment: group A: no treatment; group B: CT; group C: CRT. The primary
endpoint of overall survival was compared between groups B vs. C. Univariate and multivariate
analyses of potential prognostic factors were conducted including all patients.

Results—A total of 146 evaluable patients were included (group A: n = 33; group B: n = 45;
group C: n = 68). Demographics and pathologic characteristics were comparable. There was no
significant survival benefit for CRT compared with CT (mOS 16.8 months vs. 21.5 months,
respectively, p = 0.76). Local recurrence rates were similar in all three groups. Univariate analyses
identified absence of lymph node involvement (hazards ratio [HR] 1.43, p = 0.0082) and
administration of adjuvant therapy (HR 0.496, p = 0.0008) as significant predictors for improved
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survival. Multivariate analyses suggested that patients without nodal involvement derived the most
benefit from adjuvant treatment.

Conclusions—The addition of RT to CT did not improve survival over CT. Lymph node
involvement predicts inferior clinical outcome.

Pancreas cancer remains the fourth leading cause of cancer death in the United States.!
Prognosis continues to be dismal with a 5-year survival of <5 % across all stages and few
advances made to improve outcomes in the past decade.? Surgical resection offers the only
chance for cure; however, only 10-15 % of pancreas cancers are classified as initially
resectable with curative intent, and the majority of patients present with inoperable (locally
advanced or metastatic) disease.3

Complete (RO) surgical resection offers the best chance for survival; however, the majority
of these patients will have recurrent disease.* Adjuvant therapy improves outcomes
following resection, and administration of adjuvant treatment is considered the standard of
care for patients who recover sufficiently within 4-8 weeks of surgery.>—8 Both
chemotherapy (CT) alone and combined chemotherapy and radiation (chemoradiotherapy;
CRT) have been studied in the adjuvant setting; however, there is no consensus about which
approach is superior and both strategies are routinely recommended in clinical practice.
Phase 111 trials demonstrate a clear benefit for the use of adjuvant chemotherapy with
gemcitabine and suggest therapeutic equivalence between gemcitabine and
fluoropyrimidines.>6:2 Whereas studies investigating the use of combined chemotherapy
and radiation (CRT) have been largely underpowered with flawed designs and mixed results,
CRT remains a recommended treatment option, largely based on early phase 111 data.8:10:11

Limited phase Il trials directly compare adjuvant chemotherapy to CRT in the treatment of
resected pancreas cancer, and existing data are underpowered. In order to further investigate
the comparative efficacy of these treatment modalities, we conducted a retrospective
analysis of clinical outcomes in patients receiving adjuvant chemotherapy CT or CRT for
resected pancreas cancer.

METHODS AND MATERIALS

Study Design, Inclusion, and Exclusion Criteria

This was a retrospective study of patients treated at the Ohio State University from 1991 to
2010. In order to be included in the study, patients were required to have undergone surgical
resection of localized (stage I-11) pancreatic adenocarcinoma. Patients with locally advanced
(stage 1) tumors, neuroendocrine cancers, and ampullary carcinomas, as well as those with
incomplete treatment data were excluded. Patients who received neoadjuvant therapy before
surgery or intraoperative radiation therapy (IORT) were included in the data collection but
ultimately were excluded from the final data analysis for other reasons. Data regarding
patient demographics, clinicopathologic characteristics, treatment administration, and
clinical outcomes were collected from a patient database.

To compare the efficacy of adjuvant therapies, patients were grouped according to type of
adjuvant therapy received following surgery and clinical outcomes were compared between
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groups B and C: group A = no therapy; group B = chemotherapy only (CT); and group C =
combined chemoradiation (CRT). In addition, to evaluate the effect of clinicopathologic
factors on clinical outcome, univariate and multivariate analyses were planned for the entire
study population, using the following prognostic factors: age (<70 vs. =70 years), tumor size
(<3 cm vs. =23 cm), lymph node involvement (positive vs. negative); sex (female vs. male);
surgical margins (microscopically positive [R1] vs. negative [RO]; tumor location (head vs.
tail), tumor differentiation (poor vs. well/moderate); and treatment received (CT vs. CRT
and any adjuvant therapy vs. no adjuvant therapy). Patients who received neoadjuvant
therapy before surgery were excluded from the treatment analyses. This study was approved
by the Ohio State University Institutional Review Board.

Statistical Analysis

RESULTS

The primary endpoint was overall survival, defined as the time from surgery until death
from any cause. The initial objectives also included assessment of disease-free survival;
however, insufficient data were available for accurate analyses. Survival was compared
between group B(CT only) and group C (CRT). Due to the limited availability of patient
data, recurrence patterns and time to recurrence were reported descriptively. Time to
recurrence was defined as the time from date of surgery until documentation of recurrent
disease. Time-to-event outcomes were estimated using the Kaplan—Meier method.
Univariate and multivariate analyses were conducted including all patients, using the Cox
proportional hazards model. The validity of proportional hazards assumption was assessed
for each predictor.

Demographics

A total of 330 patients with pancreatic adenocarcinoma were identified in the patient
database, and 146 of these patients had complete treatment information available and were
included in analyses. Patient demographics are summarized in Table 1. Patient
characteristics were well-balanced among the three groups with the exception of age, with
untreated patients having the highest median age (p = 0.02). Numerically, there were higher
proportions of patients with poorly differentiated tumors, R1 resections, and pancreatic tail
tumors in the chemoradiation group, but none of these differences reached statistical
significance. Adjuvant therapy was administered to 113 patients (chemotherapy only, 45;
chemoradiation, 68) and 33 patients received no adjuvant treatment (reasons include patient/
physician discretion (n = 17) or perioperative morbidity/mortality (n = 15). Most adjuvant
chemotherapy was gemcitabine-based, whereas chemoradiation was most frequently
administered using a fluoropyrimidine as the radiosensitizer. The majority of patients in all
three groups had tumors <3 cm, positive lymph nodes, and negative (R0) resection margins.
Tumors were most commonly located (85 %) in the pancreatic head and with well or
moderate differentiation.

Clinical Outcomes

Overall survival was assessed according type of adjuvant treatment received (Fig. 1; Table
2). For patients receiving adjuvant therapy, median survival was 21.5 months (95 %
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confidence interval [CI] 13.4-24.6) for chemotherapy and 16.8 months (95 % CI 13.9-23.1)
for CRT (p =0.76). In patients treated with adjuvant therapy, median survival for node
negative tumors was 24 months (95 % CI, 19.8-34.2) versus 13.8 months for node-positive
tumors (95 % CI 10.9-15.2; p = 0.0003). There were no significant differences in survival
according to surgical margin status, age, gender, tumor size, location, or level of tumor
differentiation. Data regarding recurrence patterns and time to recurrence were available for
the majority (54 %) of patients: 12 patients in group A, 26 patients in group B, and 41
patients in group C. Overall, 32 % of recurrences were purely local and 68 % were distant
with 70 % of distant recurrences isolated to the liver. Local recurrence rates were 33 % in
group A, 27 % in group B, and 34 % in group C. Median time to recurrence was 4.2 months
in group A, 13.7 months in group B, and 12.9 months in group C.

Univariate analyses (Fig. 2) identified lymph node involvement (hazards ratio [HR] 1.43, 95
% CI 1.1-1.86, p = 0.0082) as a predictor of inferior survival, whereas receipt of any
adjuvant therapy was significantly associated with improved outcome (HR 0.496 in favor of
adjuvant treatment, 95 % CI 0.328-0.749, p = 0.0008). Violation of proportional hazards
was found for adjuvant therapy. To correct for this, a stratified Cox regression model was
used for the multivariate survival analysis. The final model includes a stratification factor
(adjuvant therapy) and one significant predictor (lymph node positivity). The model based
HR of 1.77 (95 % CI 1.21-2.59) implied that patients with negative lymph nodes derive
greater benefit from adjuvant therapy than those with any lymph node involvement.

DISCUSSION

Pancreas cancer remains a therapeutic challenge. Only a minority of patients present with
resectable tumors, and following curative-intent resection, more than 90 % of these patients
will have recurrent disease with a 5-year survival of <10 %.512 Adjuvant therapy improves
clinical outcome; however, there is a lack of randomized data directly comparing
chemotherapy versus chemoradiation in this setting. As a result, there is no universal
agreement regarding the most effective treatment modality to represent a standard of care
and on which to build future clinical trials.

Randomized trials of chemoradiation have generally been underpowered with design flaws;
however, they do suggest lack of benefit and added toxicity versus chemotherapy or
observation. Early results from the GITSG trial, which suggested a benefit for
chemoradiation over observation, were not reproduced by the EORTC study.10.11 The
ESPAC-1 trial, while criticized by some for the absence of a standard radiation protocol,
suggested that chemoradiation resulted in inferior outcomes including inferior survival,
higher recurrence rates, shorter recurrence-free survival, and increased toxicity versus
chemotherapy.8 The existing data suggest that delay in the administration of systemic
therapy along with increased toxicity may contribute to the inferior outcomes observed with
chemoradiation.

In contrast, phase 111 trials of adjuvant chemotherapy alone demonstrate a significant
survival advantage compared with observation.>9 Preliminary results of the CONKO-001
trial of adjuvant gemcitabine versus observation showed a significant improvement in
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disease-free survival that was consistent across all subgroups, including node-positive
disease and R1 resections.® Updated results from this trial revealed a significant overall
survival benefit for adjuvant gemcitabine.13 Results from the smaller 111 Japanese Study
Group of Adjuvant Therapy for Pancreatic Cancer trial © were similar to CONKO-001. The
ESPAC-3 and RTOG 97-04 trials suggested overall therapeutic equivalence between
adjuvant gemcitabine and bolus 5-fluorouracil, but increased toxicity associated with 5-FU,
likely related to bolus administration.®14 Table 3 includes the published results of the
various large randomized adjuvant trials in pancreas cancer. Acknowledging the limitations
of cross-study comparisons, the data consistently suggest that the addition of radiation in the
adjuvant setting seems unlikely to enhance the benefit observed with adjuvant chemotherapy
for all subset of patients.

We observed a nonstatistical but numerical advantage for adjuvant chemotherapy compared
with chemoradiation that may have been limited by the small sample size. Importantly, our
findings suggest no benefit derived from adjuvant chemoradiation compared with
chemotherapy, and interestingly we observed survival outcomes remarkably similar to those
published in the ESPAC-1 trial (Table 3).8 Our results are consistent with a recent meta-
analysis of all randomized phase Il trials of adjuvant therapy, which suggested that
chemoradiation did not improve survival following surgery with a trend toward worse
outcomes for these patients, while adjuvant chemotherapy reduced the risk of death by 25 %
compared with observation.1® These results support the existing body of evidence,
indicating that the addition of radiation to chemotherapy does not improve outcome over
chemotherapy alone in the treatment of early stage pancreas cancer.

Our results are consistent with multiple studies of failure patterns following surgery for
pancreas cancer, which have demonstrated that only approximately 15-30 % of patients
have local recurrence only and the majority of recurrences are distant with a worse
prognosis.1216.17 |n the subset of patients with available data on recurrence patterns,
patients in all three groups had similar rates of local recurrence and, more importantly,
chemoradiation did not seem to reduce the risk of local recurrence or delay recurrence
compared with chemotherapy alone. This suggests that the potential locoregional control
achieved with chemoradiation would likely not prevent the majority of recurrences. In the
ESPAC-1 trial, only 18 % of patients had R1 resections, but nearly 50 % of patients
experienced recurrent disease within 1 year, indicating that pancreas cancer should be
treated as a systemic rather than a local disease. Interestingly, analysis from the ESPAC-1
study showed that patients with positive [R1] resection margins benefited from
chemotherapy as much as or perhaps better than chemoradiation.18 Results from the
CONKO-001 study also showed significant survival benefit for chemotherapy in R1
resections.® These data support a treatment approach based on systemic chemotherapy only
following surgery.

Consistent with previous data and randomized trials, our results suggest that lymph node
involvement may be the most important predictor of inferior clinical outcomes, even with
adjuvant treatment.>".15 Adjuvant treatment therefore is indicated strongly in this subgroup
of patients, and positive lymph node status should be considered as a stratification factor in
future clinical trials of adjuvant therapy for pancreas cancer.
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Interpretation of our results is limited by the small sample size and the retrospective nature
of the study, which introduces the potential for bias, most importantly in patient selection.
Additionally, although not significant, there were numerically higher numbers of patients
with microscopically positive margins, poorly differentiated tumors and tumors of the
pancreatic tail in the group receiving chemoradiation versus chemotherapy. These factors
have been associated with worse prognosis, may have affected results, and may have
introduced a bias in our results in favor of chemotherapy alone. Our study population was
treated for nearly two decades. Advances in treatment administration and supportive care
over the years may have influenced treatment outcomes. Furthermore, we found that from
1991 to 1999, the majority (80 %) of patients receiving adjuvant treatment were treated with
chemoradiation, whereas from 2000 to 2010, treatment was much more evenly distributed,
with 54 % of patients receiving chemoradiation and 46 % of patients receiving
chemotherapy. It is possible that evolution of our institutional treatment biases and
differences in treatment quality, which we were not able to capture, may have contributed to
the outcomes in patients receiving chemotherapy or chemoradiation. Lack of available data
allowed for limited analyses of clinical outcome, and for this reason we were not able to
accurately analyze disease-free survival or recurrence patterns.

CONCLUSIONS

Our results suggest no benefit from chemoradiation compared with chemotherapy for the
adjuvant treatment of pancreas cancer. Based on the available data and, outside of a clinical
trial, patients should be treated with chemotherapy alone following surgery. Additional well-
designed, randomized trials are necessary to define the role of radiation therapy for resected
pancreas cancer, including evaluation of new radiotherapy techniques with improved
standardization of treatment protocols. Lymph node involvement predicts inferior clinical
outcome following surgery and should serve as a stratifying factor in future clinical trials in
this setting.
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FIG. 1.

Kaplan Meier estimation of overall survival for patients receiving chemotherapy versus
chemoradiation
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TABLE 2

Clinical outcomes according to treatment received

Variable mOS(m) 95% ClI  pvalue
Any adjuvant therapy 16.4 14-21 0.0007
No adjuvant therapy 6.3 15-10.1
Type of adjuvant therapy
CT 215 13.4-24.6 0.76
CRT 16.8 13.9-23.1

Lymph node status®
Negative 24 19.8-34.2  0.0003
Positive 13.8 10.9-15.2

Resection margin status

Negative (R0) 16.6 13.4-201 036
Positive (R1)3 16.4 13.8-23.6

Tumor size (cm)
<3 16.4 12.1-21 0.0924
23 16.8 13.7-24

Tumor differentiation

Well-moderate 15.2 8.7-25.6 0.54
Poor 16.4 13.9-23

Sex
Male 17.1 13.9-24.3 0.55
Female 16.4 12.2-23.1

Age (years)
<70 20.4 13.7-29.9  0.0514
270 15.2 13.6-18.3

Bold values are statistically significant
a . . .
In patients receiving adjuvant therapy

bMicroscopical ly positive
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