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Introduction

Adjuvant therapy for resected pancreatic cancer remains 
one of the most highly debated topics in oncology. For 
patients with resectable disease that have undergone 

upfront  resect ion,  without  neoadjuvant  therapy, 

there exists numerous treatment options (1). These 

include chemotherapy (CT) alone, CT followed by 

chemoradiotherapy (CRT), and CRT between separate 
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courses of CT. This lack of consensus largely stems from 
the conflicting results of seminal prospective trials (2-5), 
as well as the lack of a completed phase III trial to date 
regarding the direct utility of radiotherapy (RT) in the 
adjuvant setting. 

Two large retrospective institutional analyses have 
observed survival benefits to adjuvant CRT over observation 
(6-8). However, the survival impact of RT in patients 
receiving adjuvant CT remains unclear. A randomized phase 
II study demonstrated no OS differences between adjuvant 
CT and CRT, but the trial was not powered sufficiently (9). 
For this reason, the Radiation Therapy Oncology Group 
(RTOG) launched the 0848 phase III trial to evaluate 5–6 
adjuvant cycles of gemcitabine (plus or minus erlotinib) 
with or without 5-FU or capecitabine-based CRT.

In the absence of completed randomized trial results, 
adjuvant management for resected pancreatic cancer 
remains a contentious topic. Addressing this knowledge gap, 
this study queries a large cohort with long-term follow-up 
of this clinically challenging issue, evaluating differences in 
outcomes between CT with or without sequential RT.

Methods

The National Cancer Database (NCDB) is a joint project of 
the Commission on Cancer (CoC) of the American College 
of Surgeons and the American Cancer Society that consists 
of information regarding tumor characteristics, patient 

demographics, and patient survival for approximately 70% 
of the United States population (10). The NCDB contains 
information not included in the Surveillance, Epidemiology, 
and End Results database, including details regarding use of 
systemic therapy. The data used in this study were derived 
from a de-identified NCDB file. The American College of 
Surgeons and the CoC have not verified and are neither 
responsible for the analytic or statistical methodology 
employed nor the conclusions drawn from these data. 
As all patient information in the NCDB database is  
de-identified, this study was exempt from institutional 
review board evaluation. The project was reviewed by our 
local institutional review board (COMIRB) and deemed to 
be exempt due to deidentified status of the data.

The NCDB Participant User File corresponding 
to pancreatic cancer [2004–2015] was utilized for this 
investigation. Inclusion criteria were nonmetastatic, 
histologically-confirmed pancreatic carcinoma status post 
oncologic resection with adjuvant CT. Additional exclusion 
criteria were receipt of neoadjuvant therapy, unknown CT 
and/or RT status, intraoperative CT and/or RT, as well 
as non-external beam RT modalities. Any patients coded 
as receiving palliative care were excluded. Patients with 
unknown timing of CT, RT, and/or surgery were excluded, 
as it could not be ascertained whether they received therapy 
pre- or post-operatively. Lastly, in order to emulate RTOG 
0848, patients were removed if they initiated RT less than 4 
months following the start of CT (Figure 1). 

Figure 1 Patient selection diagram. 

Pancreatic cancer patients 
in NCDB from 2004–2015 

(n=340,906)

Patients receiving 
surgery and adjuvant CT 

(n=49,692)

Patients receiving surgery 
and adjuvant CT for at least 

4 months (n=15,661)

No sequential 
RT (n=14,167)

Received sequential 
RT (n=1,494)

Primary exclusion criteria
•	 Metastatic disease at presentation (n=145,899)
•	 Surgery not done, unknown, or unknown timing (n=122,805)
•	 Neoadjuvant, unknown CT or RT (n=13,660)
•	 Neuroendocrine histology (n=8,850)

Secondary exclusion criteria
•	 Receipt of RT prior to 4 months from initiation of chemotherapy (n=33,617)
•	 Receipt of Palliative Care (n=414)
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In accordance with the variables in NCDB files, 
information collected on each patient broadly included 
demographic, clinical, and treatment data. All variables 
were selected a priori. Demographic variables including age, 
year of diagnosis, race/ethnicity, insurance status, Charlson-
Deyo (CD) comorbidity score, distance from facility, facility 
type, facility location, and median income were defined 
according to their respective data fields in the NCDB data 
dictionary (11). Race was categorized as non-Hispanic 
White, Hispanic, Black, or other. Facility regions were 
grouped into Northeast, South, Midwest, and West regions. 
Insurance status was grouped into government (Medicare/
Medicaid/other), private, or uninsured. Comorbidity was 
defined as per the CD comorbidity score (12). Distance 
from facility was grouped at ≤10 or >10 miles straight-line 
distance. Income was coded based on census tract estimates 
and are not patient-specific.

For pathologic factors, pathological tumor (pT) and 
nodal (pN) stage per the 7th edition of AJCC staging were 
collected. Other factors included margin status, pre-
treatment carbohydrate antigen (CA) 19-9, defined as 
either ≤90 or >90 U/mL, and location of primary defined as 
head of pancreas or other. The treatment factor evaluated, 
as all patients received adjuvant CT, was whether they 
also received radiation, at a minimum of 4 months from 
initiation of chemotherapy. A 4-month time point was 
chosen to allow for completion of at least 4 out of 5 cycles 
of monthly chemotherapy required per the RTOG 0848 
protocol.

 Statistical analysis was performed with SPSS statistical 
software (version 24.0; IBM Corporation, Armonk, NY). 
Tests were two-sided, with a threshold of P<0.05 for 
statistical significance. Clinical characteristics of the overall 
cohort were tabulated and inter-group comparisons were 
made with the chi-squared test. Multivariable logistic 
regression analysis was performed to ascertain factors 
independently associated with receipt of sequential RT and 
propensity scores were generated. Median follow-up was 
calculated using the reverse Kaplan-Meier method. 

Survival analyses were performed using the log-rank test 
for univariate analysis (UVA) and Cox proportional hazards 
regression for multivariate analysis (MVA) to estimate 
hazard ratios. Initial variable selection included all variables 
discussed previously. The final parsimonious multivariate 
Cox model was formed by using multivariate hierarchical 
backwards selection of variables at a significance level of 
P<0.10. The proportional hazards assumption was assessed 
for all variables in the final multivariate analysis and was not 

violated (13). For propensity adjustment, propensity score 
was manually entered into the model to determine any 
changes in determinants of survival.

Results

A patient selection diagram is illustrated in Figure 1. Of 
15,661 patients, 14,167 (90.5%) underwent CT alone, and 
1,494 (9.5%) received RT (Table 1). The majority of cases 
were pT3, node-positive, margin negative, with primary 
disease located in the pancreatic head. Utilization of RT 
was at its lowest in 2006, at 5.5% of patients, and peaked 
in 2011 and 11.5%, before gradually decreasing to 9.5% in 
2015 (Figure 2).

Multivariable logistic regression analysis was performed 
to evaluate independent predictors of receiving CT and 
RT as compared to CT alone (Table 2). These patients 
were more often younger, had higher income, had private 
insurance, lived closer to treating facilities, treated at 
community centers, and were diagnosed at more recent time 
periods (P<0.05 for all). In addition to sociodemographical 
differences, RT patients also tended to have a pancreatic 
head primary, node positive disease, and margin positive 
resection (P<0.05 for all). 

At a median follow-up of 53.6 months, 3-year OS in 
the entire cohort was 36.3%. On UVA, patients receiving 
sequential RT had improved OS compared to adjuvant CT 
alone (3-year OS 44.6% vs. 35.3%, P<0.001, Figure 3). On 
MVA, multiple sociodemographic factors that improved 
OS included more recent year of diagnosis, CD score of 
0, non-governmental insurance, higher income residential 
area, treatment at academic facility, and treatment in 
the Northeast (P<0.05, Table 3). Pathologic factors 
that worsened OS included increasing pT stage, nodal 
positivity, positive margin, and CA 19-9 values >90 U/mL 
(P<0.05, Table 3). The benefit of sequential RT after CT 
was maintained on MVA (HR =0.68; 95% CI, 0.63–0.73; 
P<0.001, Table 3). After propensity score adjustment, the 
benefit of RT was maintained (HR =0.68; P<0.001).

Discussion

In the absence of randomized data evaluating adjuvant 
CT with or without sequential RT for resected pancreatic 
cancer, this investigation of a large, contemporary national 
database addresses a major knowledge gap for this highly 
debated issue. Sequential RT after adjuvant CT in resected 
pancreatic cancer improves survival in this patient cohort. 
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Table 1 Baseline characteristics of study cohort

Baseline characteristics All patients (n=15,661) No RT (n=14,167) RT (n=1,494) P value

Sociodemographic factors, n (%)

Year of diagnosis <0.001

2004–2010 5,992 (38.3) 5,492 (38.8) 500 (33.6)

2011–2013 5,057 (32.3) 4,504 (31.8) 553 (36.9)

2014–2015 4,612 (29.4) 4,171 (29.4) 441 (29.6)

Age <0.001

≤65 years 7,246 (46.3) 6,405 (45.2) 841 (56.3)

>65 years 8,415 (53.7) 7,762 (54.8) 653 (43.7)

Gender 0.29

Male 7,995 (51.0) 7,213 (50.9) 782 (52.1)

Female 7,666 (49.0) 6,954 (49.1) 712 (47.9)

Charlson-Deyo comorbidity score 0.012

0 10,296 (65.7) 9,265 (65.4) 1,031 (69.0)

1 4,193 (26.8) 3,822 (27.0) 371 (24.8)

≥2 1,172 (7.5) 1,080 (7.6) 92 (6.2)

Race 0.21

Non-Hispanic White 12,899 (82.5) 11,693 (82.6) 1,206 (80.7)

Black 1,468 (9.4) 1,320 (9.3) 148 (9.9)

Hispanic 677 (4.3) 609 (4.3) 68 (4.6)

Other/unknown 617 (3.9) 545 (3.8) 72 (4.8)

Insurance status <0.001

Government 9,072 (57.9) 8,331 (58.8) 741 (49.7)

Private 6,000 (38.4) 5,283 (37.4) 717 (47.9)

Uninsured 368 (2.3) 346 (2.4) 22 (1.4)

Unknown 221 (1.4) 207 (1.4) 14 (0.9)

Median income (residential area) <0.001

<$38,000 2,250 (14.4) 2,060 (14.6) 190 (12.6)

$38,000–$47,999 3,307 (21.1) 3,050 (21.5) 255 (17.1)

$48,000–$62,999 4,070 (26.0) 3,703 (26.2) 367 (24.9)

≥$63,000 5,826 (37.1) 5,162 (36.4) 664 (44.2)

Unknown 208 (1.3) 190 (1.3) 18 (1.2)

Distance from facility to residence <0.001

≤10 miles 6,075 (38.8) 5,361 (37.9) 714 (47.4)

>10 miles 9,369 (59.8) 8,607 (60.7) 762 (51.3)

Unknown 217 (1.4) 199 (1.4) 18 (1.2)

Table 1 (continued)
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Table 1 (continued)

Baseline characteristics All patients (n=15,661) No RT (n=14,167) RT (n=1,494) P value

Facility type <0.001

Academic/research 10,379 (66.3) 9,457 (66.8) 922 (61.7)

Community/comprehensive community 5,120 (32.7) 4,568 (32.2) 552 (37.0)

Unknown 162 (1.0) 142 (1.0) 20 (1.3)

Facility location <0.001

Northeast 3,769 (24.1) 3,327 (23.8) 442 (29.6)

Midwest 4,204 (26.8) 3,856 (27.3) 348 (23.3)

South 5,265 (33.6) 4,838 (33.9) 427 (28.6)

West 2,261 (14.4) 2,004 (14.0) 257 (17.2)

Unknown 162 (1.0) 142 (1.0) 20 (1.3)

Pathological factors, n (%)

pT stage <0.001

T0/Tis/T1 886 (5.6) 821 (5.7) 65 (4.3)

T2 2,078 (13.2) 1,892 (13.3) 186 (12.3)

T3 11,438 (73.1) 10,291 (72.7) 1,147 (76.8)

T4 345 (2.2) 305 (2.2) 40 (2.6)

Unknown 914 (5.9) 858 (6.1) 56 (3.9)

pN stage <0.001

N0 4,768 (30.4) 4,390 (31.0) 378 (25.3)

N1 9,881 (63.1) 8,832 (62.3) 1,049 (70.2)

Unknown 1,012 (6.5) 945 (6.7) 67 (4.5)

Margin <0.001

Negative 12,237 (78.1) 11,101 (78.4) 1,136 (76.0)

Positive 2,902 (18.5) 2,578 (18.2) 324 (21.7)

Unknown 522 (3.3) 488 (3.4) 34 (2.3)

CA 19–9 0.31

≤90 3,672 (23.4) 3,305 (23.3) 367 (24.6)

>90 3,334 (21.3) 3,005 (21.2) 329 (22.0)

Unknown 8,655 (55.3) 7,857 (55.5) 798 (53.4)

Location of primary <0.001

Head of pancreas 10,858 (69.3) 9,757 (69.2) 1,101 (73.7)

Other 4,803 (30.7) 4,410 (30.8) 393 (26.3)

Treatment factors, n (%)

Adjuvant therapy

Chemotherapy alone 14,167 (90.5) 14,167 (100.0) 0 (0)

Chemotherapy followed by radiation  1,494 (9.5) 0 (0) 1,494 (100.0)
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Figure 2 Utilization of RT based on year of diagnosis.
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Table 2 Significant predictors of utilization of radiation based on multivariate logistic regression

Variables No RT (n=14,167) RT (n=1,494) Odds ratio 95% CI P

Sociodemographic factors, n (%)

Year of diagnosis

2004–2010 5,492 (38.8) 500 (33.6) 1 Reference

2011–2013 4,504 (31.8) 553 (37.0) 1.33 1.17–1.52 <0.001

2014–2015 4,171 (29.4) 441 (29.5) 1.14 0.99–1.31 0.059

Age

≤65 years 6,405 (45.2) 841 (56.3) 1 Reference

>65 years 7,762 (54.8) 653 (43.7) 0.68 0.59–0.78 <0.001

Gender

Male 7,213 (50.9) 782 (52.3) 1 Reference

Female 6,954 (49.1) 712 (47.7) 0.97 0.87–1.09 0.64

Insurance status

Government 8,331 (58.8) 741 (49.6) 1 Reference

Private 5,283 (37.3) 717 (48.0) 1.22 1.07–1.40 0.004

Uninsured 346 (2.4) 22 (1.5) 0.6 0.38–0.94 0.026

Unknown 207 (1.5) 14 (0.9) 0.77 0.44–1.33 0.35

Median income (residential area)

<$38,000 2,060 (14.5) 190 (12.7) 1 Reference

$38,000–$47,999 3,050 (21.5) 255 (17.1) 0.91 0.75–1.11 0.35

$48,000–$62,999 3,703 (26.1) 367 (24.6) 1.05 0.87–1.26 0.64

≥$63,000 5,162 (36.4) 664 (44.4) 1.3 1.09–1.55 0.003

Unknown 190 (1.3) 18 (1.2) 1.32 0.40–4.40 0.65

Table 2 (continued)
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Table 2 (continued)

Variables No RT (n=14,167) RT (n=1,494) Odds ratio 95% CI P

Distance from facility to residence

≤10 miles 5,361 (37.9) 714 (47.8) 1 Reference

>10 miles 8,607 (60.7) 762 (51.0) 0.68 0.61–0.76 <0.001

Unknown 199 (1.4) 18 (1.2) 0.61 0.19–2.00 0.41

Facility type

Academic/research 9,457 (66.8) 922 (61.7) 1 Reference

Community/comprehensive community 4,568 (32.2) 552 (36.9) 1.25 1.11–1.40 <0.001

Unknown 142 (1.0) 20 (1.3) 1.05 0.65–1.71 0.84

Facility location

Northeast 3,327 (23.5) 442 (29.6) 1 Reference

Midwest 3,856 (27.2) 348 (23.3) 0.72 0.62–0.84 <0.001

South 4,838 (34.1) 427 (28.6) 0.74 0.63–0.85 <0.001

West 2,004 (14.1) 257 (17.2) 0.92 0.78–1.09 0.33

Pathological factors, n (%)

pN stage

N0 4,390 (31.0) 378 (25.3) 1 Reference

N1 8,832 (62.3) 1,049 (70.2) 1.31 1.15–1.48 <0.001

Unknown 945 (6.7) 67 (4.5) 0.88 0.66–1.16 0.36

Margin

Negative 11,101 (78.4) 1,136 (76.0) 1 Reference

Positive 2,578 (18.2) 324 (21.7) 1.21 1.06–1.38 0.006

Unknown 488 (3.4) 34 (2.3) 0.76 0.53–1.08 0.13

Location of primary

Head of pancreas 9,757 (68.9) 1,101 (73.7) 1 Reference

Other 4,410 (31.1) 393 (26.3) 0.83 0.73–0.94 0.003

While this is the point of study per the ongoing RTOG 
0848 trial, clinicians do not have guidance at the current 
time for ideal treatment. Utilization of RT over time has 
varied depending on year of diagnosis, with initially low 
numbers at a nadir of 5.5% of patients, likely related to 
publication of the ESPAC-1 trial (2,3). There is an increase 
in utilization around when RTOG 0848 was announced and 
initiated accrual. after 2006, followed by a plateau of usage 
around 10% as oncologists await results of RTOG 0848.

In this patient cohort, RT was delivered to subjects 
at higher risk for locoregional failure, including those 

with node positive disease and positive margins. Addition 
of adjuvant RT is more accepted in patients with more 
advanced primary disease, high-grade tumors, nodal disease, 
high CA 19-9, and/or positive surgical margins (14). Many 
of these parameters were associated with a higher likelihood 
of RT delivery in the current analysis. Despite these poorer 
prognostic factors, the fact that sequential RT remained 
associated with higher OS on UVA is noteworthy. However, 
patients receiving RT were more likely to be younger and 
treated more recently with potentially better chemotherapy 
regimens. Lastly, allowing for four months of adjuvant CT 
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Figure 3 Univariate comparison of overall survival between CT 
alone and CT followed by sequential RT in all patients.
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Table 3 Multivariable cox proportional hazard models for overall survival in all patients

Significant factors All patients (n=15,661), n (%) Hazard of death (95% CI) P value

Sociodemographic factors, n (%)

Year of diagnosis

2004–2010 5,992 (38.3) Reference

2011–2013 5,057 (32.3) 0.81 (0.77–0.86) <0.001

2014–2015 4,612 (29.4) 0.72 (0.66–0.77) <0.001

Charlson-Deyo comorbidity score

0 10,296 (65.7) Reference

1 4,193 (26.8) 1.09 (1.04–1.14) 0.001

≥2 1172 (7.5) 1.18 (1.08–1.28) <0.001

Insurance status

Government 9,072 (57.9) Reference 

Private 6,000 (38.3) 0.86 (0.83–0.90) <0.001

Uninsured 368 (2.3) 0.79 (0.68–0.91) 0.001

Unknown 221 (1.4) 0.91 (0.77–1.09) 0.32

Median income (residential area)

<$38,000 2,250 (14.4) Reference 

$38,000–$47,999 3,307 (21.1) 0.88 (0.82–0.95) <0.001

$48,000–$62,999 4,070 (26.0) 0.91 (0.786–0.99) 0.01

≥$63,000 5,826 (37.2) 0.84 (0.79–0.90) <0.001

Unknown 208 (1.3) 1.59 (1.36–1.87) <0.001

Table 3 (continued)

followed by RT selects for those patients who are less likely 
to fail systemically, therefore potentially benefiting more 
from aggressive local therapy, leading to the OS benefit 
observed.

The value of additional adjuvant RT in pancreatic cancer 
follows a general principle, namely that patients at high 
risk for locoregional recurrence and low risk for metastatic 
recurrence are most likely to benefit. It is difficult to 
evaluate the relative risks of locoregional versus distant 
recurrence in pancreatic cancer, given the inherently 
high metastatic potential. Although ample patterns-of-
failure studies exist, they are often confounded by the use 
of antiquated CT regimens (15,16). This shortcoming is 
a substantially important one, because improved systemic 
control for this disease would likely shift failure patterns 
locoregionally. With evidence of improved outcomes with 
more aggressive CT regimens, such as FOLFIRINOX (17)  
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Table 3 (continued)

Significant factors All patients (n=15,661), n (%) Hazard of death (95% CI) P value

Facility type

Academic/research 10,379 (66.3) Reference

Community/comprehensive community 5,120 (32.7) 1.18 (1.12–1.23) <0.001

Unknown 162 (1.0) 0.85 (0.67–1.07) 0.12

Facility location

Northeast 3,769 (24.1) Reference

Midwest 4,204 (26.8) 1.06 (0.99–1.13) 0.074

South 5,265 (33.6) 1.08 (1.02–1.15) 0.009

West 2,261 (14.4) 0.99 (0.92–1.07) 0.89

Pathological factors

pT stage

T0/Tis/T1 886 (5.7) Reference

T2 2,078 (13.3) 1.51 (1.34–1.70) <0.001

T3 11,438 (73.0) 1.81 (1.63–2.02) <0.001

T4 345 (2.2) 2.69 (2.26–3.17) <0.001

Unknown 914 (5.8) 0.84 (0.67–1.10) 0.23

pN stage

N0 4,768 (30.4) Reference 

N1 9,881 (63.1) 1.60 (1.52–1.68) <0.001

Unknown 1,012 (6.5) 1.30 (1.05–1.62) 0.015

Margin

Negative 12,237 (78.1) Reference

Positive 2,902 (18.5) 1.49 (1.41–1.57) <0.001

Unknown 522 (3.3) 1.34 (1.19–1.50) <0.001

CA 19–9

≤90 3,672 (23.4) Reference

>90 3,334 (21.3) 1.42 (1.32–1.53) <0.001

Unknown 8,655 (55.3) 1.20 (1.13–1.28) <0.001

Treatment factors

Adjuvant therapy

Chemotherapy alone 14,167 (90.5) Reference

Chemotherapy followed by radiation  1,494 (9.5) 0.68 (0.63–0.73) <0.001
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or gemcitabine and capecitabine (18),  preventing 
locoregional failure may become more important. Subgroup 
analysis of RTOG 0848 will be crucial to evaluate which 
patients benefit most from RT, although most of these 
analyses will be post-hoc and may not be adequately powered. 

The Gastrointestinal Tumor Study Group (GITSG) 9173 
trial was a prematurely terminated study that randomized 
43 patients status post R0 resection to observation versus 
adjuvant 5-fluorouracil (5-FU)-based CRT followed by 
maintenance 5-FU; there was a statistical improvement in 
OS with the latter (4). A similar design to GITSG 9173 was 
applied in the European Organisation for the Research and 
Treatment of Cancer (EORTC) 40891 study, which showed 
a nonsignificant trend (P=0.099) towards OS benefit in the 
CRT arm (5). The European Study Group for Pancreatic 
Cancer (ESPAC)-1 study randomized patients in a 2×2 
factorial design to +/− adjuvant CT and +/− sequential CRT 
(2,3). That study demonstrated no statistically apparent OS 
benefit for RT patients, with a potential survival detriment 
associated with RT. 

Although GITSG 9173 demonstrated a benefit to 
CRT, and EORTC 40891 and ESPAC-1 did not, several 
issues have severely limited applicability of any of those 
trials. RT delivered in each trial was delivered with 
antiquated techniques, at low doses, and/or using ineffective 
fractionation schemes, such as split course. EORTC 40891 
was criticized for not stratifying by surgical margin status 
along with the lack of maintenance CT. Some have also 
pointed out that using a one-sided log-rank test between 
arms would have achieved statistical significance (19). Flaws 
in ESPAC-1 have also been well-characterized, including 
treating physicians’ ability to choose the randomization group, 
utilization of physician-chosen prior therapy regardless of 
randomization arm, and lack of central audit (20). 

Lessons learned from the LAP-07 trial in unresected 
disease may be extrapolated to the adjuvant setting (21). In 
this phase III trial, CRT showed significant improvements 
in local control, but the competing risk of distant 
progression was too large in patients with unresected 
disease. If systemic control could be achieved more 
frequently by better source control (through surgery) and 
more active chemotherapy regimens, locoregional control 
becomes more important. Because unresected cases have 
a much higher risk of distant failure, and thus worse OS, 
than resected cases, the value of local therapy in resected 
patients may be proportionally greater.  The value of OS 
as the primary endpoint of phase III trials evaluating a 
local modality for a disease that is most likely to recur 

distantly may overshadow conclusions.
The primary limitation of this study is that the sequential 

RT patients may have been a very well-selected cohort 
owing to the sequential receipt of RT following at least 
4 months of CT. Patients who progressed within those  
4 months would have been less likely to receive RT and 
thus would not have been included in the RT cohort; 
however, it may be that the best role for adjuvant RT for 
resected patients should be for those who have been treated 
with systemic treatment first, only receiving RT for those 
who do not progress. This is important because the current 
analysis does not maintain that criteria. We do not know 
what percentage of patients in this study progressed prior to 
completion of their planned adjuvant treatment. A portion 
of the CT only patients may have developed metastatic 
disease while on chemotherapy, thus never receiving RT.

In addition to the lack of information on tumor response 
to CT as mentioned above, NCDB studies have several 
noteworthy shortcomings. In addition to retrospective 
selection biases, the NCDB does not carry well-coded 
information on specific CT agents/cycles, performance 
status, RT target volumes, and salvage therapies, all which 
could affect OS and confound conclusions of the current 
study. It also does not record other endpoints, such as 
tolerance of therapy, locoregional failure, and cancer-
specific survival. While patients confirmed to have received 
palliative care were excluded, that variable is not well 
coded enough to strongly suggest that all other patients 
did not receive any palliative therapy. Next, because the 
NCDB only gives relative intervals from the start of a 
particular therapy, it was not possible to evaluate whether 
the CRT cohort received CT followed by CRT, or CT 
followed by RT alone. It also cannot assess additional CT 
delivered following CRT, which is an accepted management  
option (1). Lastly, although the NCDB includes data for 
70% of the United States population, only CoC-accredited 
facilities contribute data; as such, these findings may not 
necessarily be representative of the entire United States 
population. 

Conclusions

In the absence of randomized data evaluating adjuvant 
CT with or without sequential RT or CRT for resected 
pancreatic cancer, this investigation shows that sequential 
RT appears to improve OS in well-selected patients who 
have received 4 months of adjuvant chemotherapy. These 
data merit consideration in fervent anticipation of definitive 
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results from publication of RTOG 0848. 
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