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Abstract

Purpose—The impact of adjuvant radiotherapy for pancreatic adenocarcinoma (PAC) remains 

controversial. We examined effects of adjuvant therapy on overall survival (OS) in PAC, using the 

National Cancer Data Base (NCDB).

Methods—Patients with resected PAC from 1998 to 2002 were queried from the NCDB. Factors 

associated with receipt of adjuvant chemotherapy (ChemoOnly) versus adjuvant 

chemoradiotherapy (ChemoRad) versus no adjuvant treatment (NoAdjuvant) were assessed. Cox 

proportional hazard modeling was used to examine effect of adjuvant therapy type on OS. 

Propensity scores (PS) were developed for each treatment arm and used to produce matched 

samples for analysis to minimize selection bias.

Results—From 1998 to 2002, a total of 11,526 patients underwent resection of PAC. Of these, 

1,029 (8.9 %) received ChemoOnly, 5,292 (45.9 %) received ChemoRad, and 5,205 (45.2 %) 

received NoAdjuvant. On univariate analysis, factors associated with improved OS included: 

younger age, higher income, higher facility volume, lower tumor stage and grade, negative 
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margins and nodes, and absence of adjuvant therapy. On multivariate analysis with matched PS, 

factors independently associated with improved OS included: younger age, higher income, higher 

facility volume, later year of diagnosis, smaller tumor size, lower tumor stage, and negative tumor 

margins and nodes. ChemoRad had the best OS (hazard ratio 0.70, 95 % confidence interval 0.61–

0.80) in a PS matched comparison with ChemoOnly (hazard ratio 1.04, 95 % confidence interval 

0.93–1.18) and NoAdjuvant (index).

Conclusions—Adjuvant chemotherapy with radiotherapy is associated with improved OS after 

PAC resection in a large population from the NCDB. On the basis of these analyses, radiotherapy 

should be a part of adjuvant therapy for PAC.

Pancreatic adenocarcinoma (PAC) remains an aggressive malignancy, with a 5-year disease-

specific survival of ∼5 %.1 Surgical therapy offers the best chance of meaningful survival 

for those patients with tumors amenable to resection, but even then, survival rates improve to 

only 15–20 %, demonstrating the need for effective multimodal therapy.1,2 Adjuvant therapy 

is now standard practice after resection of PAC on the basis of results of several clinical 

trials, but the ideal regimen remains controversial, especially with regard to use of adjuvant 

radiotherapy (ART).

In the United States, adjuvant chemoradiotherapy (ChemoRad) is typically administered 

after PAC resection on the basis of the results of the 1985 Gastrointestinal Tumor Study 

Group (GITSG) randomized, prospective, multicenter clinical trial.3 Despite limited accrual 

of only 43 patients in 11 years, interim analysis demonstrated a significant median survival 

advantage for the treatment arm over the observation arm (20 vs. 11 months; p = 0.035), and 

this approach became common practice in the United States. In Europe, the European Study 

Group of Pancreatic Cancer (ESPAC)-1 trial, published in 2001 and updated in 2004, 

supported the use of adjuvant chemotherapy only (ChemoOnly), while identifying a 

deleterious effect of ChemoRad on overall survival (OS) after resection of PAC.4,5 Patients 

who received ChemoOnly had improved overall 5-year survival compared with those who 

did not (21 vs. 8 %, p = 0.009), and those who received ChemoRad actually did worse than 

those who did not (10 vs. 20 %, p = 0.05). This led the investigators to conclude that 

ChemoOnly was beneficial, while ChemoRad was detrimental for patients who underwent 

resection for PAC, thus establishing the standard in Europe.

The purpose of this analysis was to compare OS rates for a large, representative U.S. cohort 

of resected PAC patients stratified by adjuvant therapy type and adjusted for patient and 

provider factors affecting outcomes, using records from the National Cancer Data Base 

(NCDB). Our main objective was to examine the differential impact of no adjuvant therapy 

(NoAdjuvant) versus ChemoRad versus ChemoOnly in this NCDB cohort who underwent 

surgical resection for PAC. To mitigate the impact of any treatment selection biases in this 

observational study, we used a propensity score (PS) matching method. The PS enables us to 

balance observed patient characteristics across treatment groups and hence simulate the key 

feature of successful randomization.6 Typically, PS matching methods are applied for two-

treatment comparisons. In the current study, we extend this approach to accommodate the 

comparison for more than two interventions using an innovative matching algorithm.
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Methods

Data Source

Our sample was obtained from the NCDB's Participant Use Data File (PUF) for pancreatic 

neoplasms. The NCDB, the largest disease-specific clinical registry in the United States, is 

jointly supported and managed by the American College of Surgeons' Commission on 

Cancer (CoC) and the American Cancer Society. Created in 1988, the NCDB contains 

detailed clinical, pathological, and demographic data on ∼70 % of all U.S. incident cancer 

cases, as reported on an ongoing basis by the roughly 1,500 CoC-approved cancer 

programs.7

The Pancreatic PUF is a Health Insurance Portability and Accountability Act (HIPAA)-

compliant data file containing deidentified patient-level data that thus do not identify 

hospitals, providers, or patients. These tumor site–specific PUFs are designed to provide 

CoC-approved cancer programs with a resource to review and advance the quality of care 

delivered to cancer patients.

Study Population

Our sample consisted of all NCDB incident cases of PAC diagnosed between 1998 and 

2002, based on availability of survival data at the time of analysis. We included cases for 

which a primary tumor site in the pancreas could be identified. From this group, we selected 

cases with adequate survival data, excluding patients with missing information. We included 

only patients who underwent surgical resection of the primary PAC and selected patients 

with information available on ART and adjuvant chemotherapy. We excluded patients who 

had radiotherapy as their only form of adjuvant therapy, and those who died within 60 days 

of surgical resection.

Study Variables

Variables selected for impact on OS are listed in Table 1. Footnotes are provided to clarify 

those variable in need of explanation. The measures for education level, income, and urban/

rural status were determined for each patient's area of residence by matching the zip code of 

the patient at the time of diagnosis to 2000 U.S. Census data.

Statistical Methods

Descriptive Analysis—Categorical variables were summarized as frequencies, and the 

median and range were reported for each continuous variable. The univariate survival 

analyses were conducted by associating OS with each variable individually, using both the 

Kaplan–Meier method (with log rank test p values) and a Cox proportional hazard model 

(yielding hazard ratios [HR], with 95 % confidence intervals [CI]). The association between 

the adjuvant therapy type (NoAdjuvant, ChemoOnly, and ChemoRad) and each of potential 

confounder variables was examined by the chi-square test for categorical covariates or 

ANOVA for continuous covariates.

Multivariable Analyses—Cox proportional hazard modeling was used to estimate the 

relative impacts of the three adjuvant therapy strategies on 5-year OS. Two Cox modeling 
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strategies were used to adjust for patient-level differences potentially influencing survival 

outcomes in this study design. The first model uses traditional multivariable regression 

modeling (in a nonstratified Cox model) and assumes that systematic differences across 

patients in the three intervention groups were adequately captured and controlled via 

inclusion of the potentially confounding covariates shown in Table 2. The second model was 

built by backward elimination with a p value of <0.05, balancing between goodness of fit 

and simplicity. The start-up variable list was created from those factors in Table 2 that were 

statistically significant in the univariate survival analysis.

To further reduce patient selection bias in our second model, a PS method was used that was 

based on matching.7,8 Under this particular PS approach, each patient is assigned, ex post 

facto, a predicted probability (i.e., a PS) of having received each of the competing adjuvant 

therapy strategies (NoAdjuvant, ChemoRad, ChemoOnly) on the basis of a multivariable 

regression analysis. Each patient receiving a given intervention, e.g., ChemoRad, is matched 

with a patient who received ChemoOnly and a patient who received NoAdjuvant on the 

basis of the approximate equality of their PS across all three interventions. Under PS 

matching, the three patients may be regarded post hoc as having roughly the same 

probability distribution of having received any of the three therapeutic options 

(Supplementary materials). After forming the matched sample, the Cox proportional hazard 

model was performed, stratified by matched groups to estimate treatment effect.

This matching process reduces the effective sample size as unmatched patient data are 

eliminated from the analysis. For comparison purposes, the multivariable regression findings 

regarding the impact of these interventions on survival are presented both without and with 

PS adjustment. All Cox proportional hazard analyses were performed by SAS 9.2, and the 

PS matching algorithm was implemented by R, with the significance level set at 0.05.

Results

Study Population

The original NCDB pancreatic PUF (1998–2007) contained 208,930 patients diagnosed with 

PAC. The selected time interval provided 94,385 patients meeting histologic criteria for 

PAC. Subsequent inclusion criteria were: primary anatomic tumor site in the pancreas could 

be identified (n = 69,268); adequate survival data (n = 69,240); surgical resection of the 

primary PAC (n = 13,385); information on ART (n = 13,385); and adjuvant chemotherapy (n 
= 12,881). We excluded patients who had received radiotherapy as their only form of 

adjuvant therapy (n = 438), and those who died within 60 days of resection (n = 917), 

leaving a final sample of 11,526 patients.

Patient and Disease Variables

Patient-related and disease-specific variables are summarized in Table 1, which also 

summarizes information on adjuvant therapy grouping (NoAdjuvant 45.2, ChemoOnly 8.9, 

and ChemoRad 45.9 %).
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Univariate Analysis for Receipt of Adjuvant Treatment and OS

The univariate results for associations between patient and disease variables and type of 

adjuvant treatment received are provided in Table 1. Factors associated with receiving 

adjuvant therapy included younger patient age, male gender, having either private insurance 

or Medicaid, and having positive surgical margins and positive lymph nodes.

Univariate OS results by patient and disease variable are shown in Table 2. Factors 

associated with better OS included younger age, being female, having private insurance or 

Medicaid, having a higher median income, having negative surgical margins, and having 

negative lymph nodes. Although the proportionate distribution of patients across treatment 

types did not change significantly over time (Table 1), OS improved progressively (Table 2), 

with patients treated in 1998 experiencing the worst OS (HR 1.11, p = 0.003), compared 

with patients treated in 2002 (the final diagnosis year of our study population). Patients who 

received ChemoRad had better OS than the ChemoOnly patients, but worse survival than 

those receiving NoAdjuvant therapy (HR 1.17, p < 0.001).

Multivariable Analysis for Factors Associated with OS

Table 3 shows the Cox model analysis for OS without PS adjustment. Although no patient 

level variable had more than 12 % of observations missing and most had fewer than 5 % 

missing, the resulting available sample for analysis was 7,288. The impact of individual 

factors on survival is summarized by HR and 95 % CI. In this non-PS-adjusted analysis, use 

of ChemoRad was associated with a survival advantage compared with NoAdjuvant (HR 

0.79, p < 0.001). By contrast, patients receiving ChemoOnly experienced the similar OS as 

NoAdjuvant patients (HR 1.08, p = 0.108).

In the Cox model stratified by propensity-score matched groups (N = 1,650), the resulting 

multivariable estimates were similar to those for the non-PS-adjusted Cox model shown in 

Table 3, but the survival benefit for ChemoRad patients was greater when compared with 

that of NoAdjuvant patients (HR 0.70, p < 0.001). Figure 1 illustrates the change of Kaplan–

Meier curves before and after selection bias has been removed. There was still no significant 

survival difference between ChemoOnly and NoAdjuvant (HR 1.04, p = 0.77). Further 

discussion of these PS matched-sample analyses is provided in the Supplementary materials.

Discussion

The purpose of this study was to assess the value of adjuvant therapy on OS in a large cohort 

of patients with PAC who underwent surgical resection. The sample consisted of all incident 

cases of PAC over the 1998–2002 period reported to the NCDB meeting study inclusion 

criteria. In multivariable survival analyses that also attempted to adjust for possible 

treatment selection bias through PS matching methods, we demonstrated that patients who 

received ChemoRad experienced better OS compared with those who had ChemoOnly or 

NoAdjuvant; ChemoOnly OS was similar to NoAdjuvant. Novel aspects of this study 

include the use of the NCDB to address this question of adjuvant therapy used in resected 

PAC, and the novel PS matching method, which allowed us to assess three treatment arms 

simultaneously.

Kooby et al. Page 5

Ann Surg Oncol. Author manuscript; available in PMC 2016 May 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Adjuvant therapy for resected pancreatic cancer provides patients with a survival benefit 

based on results of several randomized trials.3,8,9 The GITSG study, while small and flawed, 

set the standard for adjuvant therapy practices for PAC in the United States.3 The European 

ESPAC-1 demonstrated a survival advantage associated with adjuvant ChemoOnly and 

reduced survival attributable to ChemoRad.5 Review of other randomized trials for adjuvant 

therapy of resected PAC does not provide any further clarification on the role of ChemoRad 

versus ChemoOnly. The 2007 Charite Onkologie (CONKO-001) trial compared adjuvant 

gemcitabine with observation.8 The European Organization for Research and Treatment of 

Cancer (EORTC) 40891 trial did not support the benefit of ChemoRad over observation.10 

The Radiation Therapy Oncology Group (RTOG) 9704 trial demonstrated no difference in 

OS between gemcitabine chemotherapy over 5-fluorouracil (5-FU) when combined with 

ART.11 The most recent ESPAC-3 trial dropped the ChemoRad arm and also demonstrated 

no difference between 5-FU and gemcitabine ChemoOnly approaches.9 In summary, no 

existing randomized trial can definitively answer the question of the optimal adjuvant 

therapy approach for resected PAC.

Although at risk for selection bias, retrospective data can provide useful perspectives on 

questions such at this. Retrospective data may include larger samples than randomized 

clinical trials, and indeed it is unlikely that further, large-scale randomized trials will be 

launched anytime soon to study the issues addressed here. Hence, large cohort studies of the 

type undertaken here likely represent the best practical approach going forward to enrich the 

evidence base on treatment effectiveness.

Capitalizing on the NCDB PAC data set, we carried out a PS matching procedure to 

minimize potential bias in the sorting of patients across three treatment groups. An 

innovative three-way matching of these PS was performed, lowering the number of 

evaluable patients but improving within-group homogeneity. The sample that emerged with 

PS matching was still significantly larger than any previous randomized trials examining 

adjuvant therapy for PAC. Our matched PS multivariable results reveal an OS advantage for 

those patients who received ChemoRad compared with other adjuvant therapies.

Other large retrospective studies have looked at the question of ChemoRad for PAC. Several 

studies have assessed data from the Surveillance, Epidemiology and End Results (SEER) 

registry, which includes information on incident cancer cases representing about 26 % of the 

U.S. population.12–15 These studies have identified a benefit of ART when combined with 

adjuvant chemotherapy for PAC. A substantial limitation of these analyses is that SEER does 

not include specific patient-level information on the use of adjuvant chemotherapy or detail 

on radiation dosing. The only available option for obtaining chemotherapy-specific data on 

SEER patients is through analysis of the linked SEER–Medicare data base, but the latter 

includes only individuals who were age 65 or over and enrolled in Medicare fee for service 

at the time of cancer diagnosis. Although SEER data are high quality and population based, 

the NCDB data are also highly representative of U.S. cancer patients and include about 70 % 

of all incident cases nationwide.

Among analyses of the impact of adjuvant therapy on pancreatic cancer survival, only two 

reports (those of McDade et al. and Hsu et al.) used PS adjustments.15,16 McDade et al. 
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examined 5,676 patients from SEER between 1988 and 2005 and found an OS benefit for 

patients receiving ART compared with those who did not (HR 0.773; 95 % CI 0.714–0.836, 

p < 0.05)—a result notably consistent with those reported here.15 However, McDade et al. 

were not able to report on the impact of adjuvant chemotherapy. In contrast, we were able to 

assess three treatment groups (NoAdjuvant, ChemoOnly, and ChemoRad) and demonstrated 

superior results for ChemoRad, providing stronger support for a radiation-inclusive adjuvant 

strategy. The findings in our paper support those of McDade et al. and those demonstrated 

by GITSG, demonstrating the benefit of ChemoRad in the adjuvant therapy of PAC.

Hsu et al.16 performed Cox survival and PS analyses assessed associations with OS for 

1,272 patients combined from 2 centers, using PS analysis and matched-pair analysis by 

treatment group (1:1) on the basis of institution, age, sex, tumor size/stage, differentiation, 

margin, and node positivity. They found that patients who received chemoradiotherapy had 

significantly better median survival than that of patients who did not receive adjuvant 

therapy. Again, chemotherapy alone was assessed.

The strengths of the current study include its data source (NCDB), large sample, use of 

propensity adjustment, and the further matching of the PS to achieve more homogeneous 

comparison groups. Limitations of our work include the retrospective nature of our data and 

the selection of data from an earlier time period (1998 to 2002), as these included the cases 

for which survival data were available. We did not have comorbidity data available because 

this information was added to NCDB only in more recent years. We cannot comment on the 

exact nature of the chemotherapy or on comorbid conditions of the patients examined; thus, 

as with any population study analysis, selection bias may play a substantial role in our 

defining our findings. Importantly, only 8.9 % of the patients received ChemoOnly. The time 

period was a transitional period for the use of the three treatment arms assessed. Perhaps the 

ChemoOnly patients had more comorbid conditions precluding them from receiving 

concomitant radiotherapy and worsening their survival. It is also important to note that both 

5-FU and gemcitabine were used during this time period in the adjuvant setting for PAC, but 

NCDB data do not provide detail on specific agents. However, the ESPAC-3 trial 

demonstrated that there was no difference in survival between groups receiving ChemoOnly 

with 5-FU versus gemcitabine.

This study is the first to demonstrate, using a large national database, an OS advantage for 

resected PAC patients who received adjuvant therapy consisting of both chemotherapy and 

radiotherapy over those who received no adjuvant therapy or adjuvant chemotherapy alone. 

It is also the first to use matched PS to examine the value of these specific approaches, and 

the first (in the pancreatic cancer domain) to make this assessment between three treatment 

groups as opposed to two groups (adjuvant therapy vs. no adjuvant therapy). Given the 

shifting paradigm toward increasing preoperative therapy strategies, this question of optimal 

adjuvant treatment continues to evolve, especially with new response data to FOFIRINOX, a 

more aggressive chemotherapy regimen.17–21 In light of the conflicting conclusions from 

existing randomized trials, our findings support the use of combination radiotherapy and 

chemotherapy as adjuvant therapy for patients who undergo surgical resection of pancreatic 

ductal adenocarcinoma.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Kaplan–Meier survival curves for the three therapy groups (heavy line NoAdjuvant, light 
line ChemoOnly, hatched line ChemoRad) for both the prematched sample (n = 7,288, left) 
and one of matched samples (n = 1,650, right). Note the overlap between the NoAdjuvant 

and ChemoRad groups before propensity score matching, which disappears after matching
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