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Abstract

Background.—Neoadjuvant therapy is increasingly used for patients with pancreatic ductal 

adenocarcinoma (PDAC). It is unknown whether neoadjuvant chemoradiotherapy is more effective 

than chemotherapy (NCRT vs. NAC). We aim to compare pathological and survival outcomes of 

NCRT and NAC in patients with PDAC.

Patients and Methods.—Single-center analysis of PDAC patients treated with NCRT or 

NAC followed by resection between December 2008 and December 2018 was performed. 

Average treatment effect (ATE) was estimated after case–control matching using Mahalanobis 

distance nearest-neighbor matching. Inverse probability weighted estimates (IPWE)-based ATE 

was estimated for disease-free survival (DFS) and overall survival (OS).

Results.—Among the 418 patients (mean age 66.8 years, 51% female) included in the study, 327 

received NAC and 91 received NCRT. NCRT patients had higher rates of locally advanced disease, 
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number of neoadjuvant chemotherapy cycles, more chemotherapy regimen crossover (gemcitabine 

and 5-FU based), and were more likely to undergo open surgical procedures and/or vascular 

resection (all p < 0.05). After matched analysis, NCRT was associated with a significant reduction 

in lymph node positive disease [ATE = (−)0.24, p = 0.007] and lymphovascular invasion [ATE = 

(−)0.20, p = 0.02]. While NCRT was associated with significantly improved DFS by 9.5 months (p 
= 0.006), it did not affect OS by IPWE-based ATE after adjusting for adjuvant therapy (ATE = 5.5 

months; p = 0.32).

Conclusion.—Compared with NAC alone, NCRT is associated with improved pathologic 

surrogates and disease-free survival, but not overall survival in patients with PDAC.

Surgical resection is considered the only curative modality for patients with pancreatic 

ductal adenocarcinoma (PDAC). Despite this, only 20% of tumors are classified as 

resectable at diagnosis, and PDAC is associated with a 5-year survival of only 9%.1,2 

Neoadjuvant therapy (NAT) has been increasingly adopted to downstage borderline­

resectable (BR) and locally advanced tumors (LA), treat micrometastatic disease, and spare 

patients with aggressive disease the morbidity of futile surgery.3,4 Although survival benefit 

is yet to be demonstrated on an intent to treat basis,5,6 patients with improved biochemical 

(CA19-9) and pathological response during NAT exhibit improved survival.7,8

Neoadjuvant therapy may be administered as neoadjuvant chemotherapy (NAC) alone 

or in combination with radiation (neoadjuvant chemoradiotherapy, NCRT). Common 

chemotherapy regimens are extrapolated from metastatic and adjuvant settings and include 

gemcitabine with nab-paclitaxel or 5FU/leucovorin/irinotecan/oxaliplatin (FOLFIRINOX). 

Radiotherapy (RT) can be given as conventionally fractionated RT (CFRT) using intensity­

modulated radiotherapy (IMRT) or 3D conformal techniques, or as hypofractionated RT, 

specifically stereotactic body radiotherapy (SBRT).9,10 Although chemotherapy is associated 

with a survival benefit in PDAC, the utility of chemoradiation remains controversial.11-17 

Despite this, RT remains a popular component of NAT in the USA, with several studies 

demonstrating improved tumor downstaging and pathologic response.18,19

To date, a clear survival benefit for NCRT over NAC is yet to be demonstrated. Comparisons 

between both modalities are limited by selection bias in applying NCRT to more advanced 

(BR and LA) lesions. Moreover, comparative studies of conventionally fractionated versus 

hypofractionated NCRT are lacking. In this study, we compare the efficacy of NCRT 

and NAC in PDAC by examining pathologic and survival outcomes. We hypothesize that 

following adjustment using a methodology of inverse probability weighted estimators to 

account for selection bias, NCRT would be associated with improved outcomes over NAC.

PATIENTS AND METHODS

Study Design and Patient Population

This study is a retrospective, single-center analysis of consecutive PDAC patients treated 

with NAC or NCRT followed by resection at University of Pittsburgh Medical Center 

(UPMC) between December 2008 and December 2018. The study was approved by 

the Institutional Review Board. Patients included were identified from a prospectively 

maintained surgical database and met all of the following criteria: (1) histological diagnosis 
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of PDAC, (2) received NAT, and (3) underwent resection with no evidence of metastatic 

disease or grossly positive R2 margins. Patients who underwent surgery-first approach for 

treatment of PDAC were not included in the current analysis. Patients were classified into 

two groups based on the type of NAT received as NAC or NCRT (consisting of induction 

chemotherapy followed by chemoradiation). Outcomes examined were biochemical and 

pathological surrogates of treatment response, disease-free survival (DFS), and overall 

survival (OS).

Data Collection and Definitions

All data were obtained from a prospectively maintained institutional database, which holds 

details of all patients who have undergone pancreatic resections at UPMC. Patient and 

disease variables included age at diagnosis, gender, Charlson comorbidity index (CCI), 

history of diabetes and cardiovascular disease, prior surgery, body mass index (BMI), 

American Society of Anesthesiologists score (ASA), baseline CA19-9 levels, and clinical 

tumor data (CT tumor size, EUS tumor size, and nodal involvement). Patients were 

classified at time of diagnosis into resectable, borderline-resectable, and locally advanced 

disease based on NCCN resectability guidelines.20

The decision of treating PDAC patients with NAT at our institution is undertaken by a 

multidisciplinary team that includes surgical, medical, and radiation oncologist. We attempt 

to treat most patients with NAT, even those with NCCN resectable disease. Certain patients 

may undergo a surgery first approach either due to patient preference and/or advanced age 

that limits receipt of multimodality therapy. Since systemic therapy for PDA has evolved 

over the study period, there was significant heterogeneity in the neoadjuvant regimens 

administered. NAC was classified as either gemcitabine-based (including gemcitabine 

monotherapy, gemcitabine-nab paclitaxel, and gemcitabine-capecitabine) or 5-fluorouracil 

(5-FU) based (including FOLFIRINOX, FOLFIRI, and FOLFOX). One NAC cycle is 

defined as 1 month of treatment (typically two treatments of 5FU-based therapy on days 

1 and 14, or doublet or triplet gemcitabine-based therapy). The duration of NAC was 

defined as time between the first and last day of chemotherapy. Patients are typically 

evaluated every 2 months to assess response to treatment. In general, if radiographic and 

CA19-9 response is attained, surgery is recommended. NCRT is administered following 

NAC (typically completed 4–6 weeks prior to resection) and is generally reserved for 

threatened margins, particularly an arterial margin. RT was classified as CFRT (including 

IMRT and 3D conformal RT) or SBRT. SBRT, as a form of hypofractionated radiotherapy, 

was given at a dose of 30–36 Gray (Gy) over 3–5 fractions (6.6 Gy or more per fraction), 

while CFRT was delivered at a dose of 50–54 Gy over 25–28 fractions (1.8–2 Gy per 

fraction).

Changes in CA19-9 and CT tumor size before and after NAC and NCRT were recorded to 

assess biochemical and radiographic response. Pathological surrogates of efficacy included 

tumor size (T-size), lymph node (LN) positivity, LN ratio (LNR = positive LN/total LN 

harvest), lymphovascular invasion (LVI), perineural invasion (PNI), margin status, and 

pathological response. A positive margin (R1) was defined as the presence of invasive 

carcinoma within 1 mm of the inked margin, as per the 8th edition of AJCC.21 Pathological 
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response was abstracted from pathology and classified as no response, partial response, near­

complete response, or complete response based on the American College of Pathologists 

(CAP) grading system or the Evans grading system.22,23

Disease-free survival was calculated from date of diagnosis to date of recurrence or death, 

while overall survival was calculated from date of diagnosis to date of death. In both cases, 

survival times for patients who did not experience the event (recurrence or survival) were 

measured from date of diagnosis to date of last follow-up (right-censored).

Statistical Analysis

Continuous variables are reported as mean with standard deviation or as median with 

interquartile range. Categorical variables are reported as occurrence and percentage. To 

compare baseline characteristics of the two groups, the Wilcoxon rank-sum test was used 

for quantitative variables, and the likelihood-ratio Chi square test was used for categorical 

variables. To analyze the effect of NCRT on outcomes, univariate analysis was performed 

utilizing the outcome rank-sum test for continuous variables, and the likelihood ratio test for 

categorical variables. A case–control matched analysis using Mahalanobis distance nearest­

neighbor matching was used to estimate the average treatment effect (ATE).24

Average treatment effect (ATE) is an estimate of the difference in the mean outcome if 

every patient received the treatment (NCRT) compared with the mean outcome if every 

patient did not receive the treatment (NAC). For the nonsurvival outcomes, we utilized a 

nearest neighbor matching algorithm in which variables related to receipt of the treatment, 

and variables related to the outcome were used as matching variables to compare treated 

(NCRT) versus nontreated (NAC) patients. The variables used for matching were selected 

based on other investigations to determine which variables were most significantly related 

to the treatment/outcome and included patient demographics, baseline lab values (such as 

pretreatment CA19-9), and disease characteristics (such as tumor size, EUS stage based on 

AJCC 8th edition, and tumor resectability based on NCCN criteria). For two patients to be 

matched, they do not have to be identical in every attribute—instead, they need only to be 

as similar as possible across all the matching variables. Unlike other matching algorithms 

where it is necessary to drop patients who do not have matches in the dataset, this method 

matches patients that are as similar as possible.

Survival analysis was performed initially using raw survival values calculated from date of 

diagnosis to date of recurrence (DFS) and date of death (OS). Survival was then censored 

to generate the estimated median survival (both DFS and OS) for both cohorts. Univariate 

analysis was performed using a log-rank test comparison. ATE was estimated using inverse 

probability weighted estimates (IPWE) for OS and DFS.25 For survival analyses, the 

nearest-neighbor matching approach is not sufficient since censoring of the survival times 

for patients who have not experienced the outcome must also be considered. We used inverse 

probability weighting to estimate the ATE for the survival outcomes. In this method, there is 

no matching of patients. Instead, there are two models that are fit together—one model that 

predicts treatment and another model that predicts survival time (taking the censoring into 

account). Variables for each of these models were selected based on other investigations to 

determine which variables were most significantly related to the treatment/outcome. Based 
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on the outcomes of these models, weights are given to each patient to estimate the mean 

survival time if every patient received the treatment (NCRT) and the mean survival time if 

every patient did not receive the treatment. The differences in these estimated means is the 

depicted as the ATE.

RESULTS

Patient and Treatment Characteristics

A total of 418 PDAC patients underwent NAT followed by resection (NAC = 327, NCRT 

= 91). The average age was 66.8 years, and 50.7% were women. Table 1 presents the 

baseline characteristics, disease-related variables, and treatment variables of both groups. 

There was a higher proportion of women in the NCRT group (63.7% vs. 47.1%, p = 0.005), 

but no other significant differences were observed in age, CCI, history of diabetes, history of 

cardiovascular disease, BMI, and ASA (all p > 0.05).

NCRT patients had higher rates of locally advanced disease (24.2% vs. 10.1%) and lower 

rates of resectable disease (16.5% vs. 29.4%) compared with NAC patients (p < 0.001). 

NCRT patients also had longer duration of chemotherapy (median 11.7 weeks vs. 8.9 weeks, 

p < 0.001), higher number of chemotherapy cycles (median 4.6 vs. 3.6, p < 0.001) and 

a higher proportion of patients who received both gemcitabine and 5-FU based regimens 

(26.4% vs. 7.7%, p < 0.001). The NCRT cohort also had higher rates of open (vs. minimally 

invasive) surgery (68.1% vs. 47.7%, p < 0.001) and vascular resection (58.2% vs. 36.7%, p < 

0.001).

Outcomes of PDAC Patients Receiving NCRT Versus NAC

Table 2 presents unadjusted and adjusted (case matched by average treatment effect) 

outcomes of patients receiving NCRT compared with NAC. Before case–control matching, 

NCRT was associated with lower LNR (0.03 vs. 0.05), LN positive disease (51.6% vs. 

70.3%), R1 resection (37.4% vs. 52.9%), LVI (57% vs. 76.7%), and PNI (70.3% vs. 85.1%). 

NCRT was also associated with a higher pathologic complete/near complete response 

rate (14.1% vs. 3.8%, p = 0.002). In the case–control matched analysis, NCRT remained 

associated with lower LN positivity [ATE = (−)0.24, p = 0.007] and LVI [ATE = (−)0.20, p 
= 0.020]; all other outcomes, including the near-complete/complete pathologic response rate 

were no longer significantly different between the cohorts.

Impact of NCRT on Recurrence and Survival of Patients with PDAC

A lower percentage of patients who received NCRT ultimately received adjuvant therapy 

(57.3% vs. 76.8%, p < 0.001) and also had a significant delay in receiving adjuvant therapy 

(10.8 weeks vs. 9.3 weeks, p = 0.007). NCRT was associated with a significant delay in time 

to local recurrence (median 16.5 months vs. 14.1 months, p = 0.046), and a trend to delayed 

distal recurrence (median 15.6 months vs. 13.1 months, p = 0.062). Median survival times 

and IPWE-based ATE estimates are presented in Table 3. There was no significant difference 

between NAC and NCRT in unadjusted DFS (17.02 vs. 16.16 months, p = 0.652, Fig. 1) or 

OS (31.44 vs. 31.21 months, p = 0.33, Fig. 2). IPWE-based ATE demonstrated a significant 

improvement in DFS for NCRT by 9.5 months (p = 0.006) after using gender, resectability, 
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NAC regimen, and NAC cycles to predict receipt of treatment while using baseline CA19-9, 

receipt of adjuvant chemotherapy, and adjuvant RT to model the censoring. Regarding 

overall survival, IPWE-based ATE did not demonstrate a significant OS benefit for NCRT 

over NAC (ATE = 5.4 months, p = 0.32) after using gender, resectability at diagnosis, NAC 

regimen, and number of NAC cycles to predict receipt of therapy, while using age, BMI, 

diabetes, preoperative albumin, mode of surgery, receipt of adjuvant chemotherapy, adjuvant 

radiotherapy, and recurrence to model the censoring.

Impact of SBRT Versus CFRT on Outcomes

In the NCRT group, SBRT was utilized in 43 patients (47.25%) and CFRT in 38 (41.8%), 

while 10 patients (10.9%) had missing data on type of RT received and were excluded from 

this analysis. Table 3 depicts a subgroup analysis comparing outcomes of NCRT to NAC 

utilizing SBRT or CFRT. Compared with NAC alone, NCRT utilizing SBRT significantly 

reduced the risk of LVI on case-control matched analysis [ATE = (−)0.26, p = 0.042], while 

NCRT utilizing CFRT was associated with a significant reduction in LN-positive disease 

[ATE = (−)0.27, p = 0.011]. Although SBRT was associated with significantly improved 

DFS compared with NAC alone with an average treatment effect of 14.4 months (p = 0.027), 

there was no significant effect on OS with NCRT using either type of RT when compared to 

NAC (Table 4).

Effect of NAC Versus NCRT by Baseline Resectability Status

Due to the selection bias of treating locally advanced tumors with NCRT at our institution 

(NCRT patients with locally advanced disease 24.2% versus 10.1% in NAC, p = < 0.001), 

we conducted a subgroup analysis of the impact of NCRT on patients with resectable/

borderline-resectable versus locally advanced disease, as defined by NCCN resectability 

criteria at diagnosis (Table 5). NCRT was associated with a significant reduction in LN­

positive disease [ATE = (−)0.26, p = 0.009] and improved DFS (ATE = 6.44 months, p = 

0.041) for patients with resectable/borderline-resectable disease but no improvement in OS 

(ATE = 7.19 months, p = 0.232) of this subgroup. For locally advanced tumors, NCRT was 

associated with a significant reduction in LVI [ATE = (−)0.45, p = 0.002] but no difference 

in DFS (ATE = 6.27 months, p = 0.412) or OS (ATE = 0.40 months, p = 0.969).

DISCUSSION

In this analysis, we determined whether NCRT was associated with differences in pathologic 

and survival outcomes compared with NAC alone in patients with resected PDAC. The 

NCRT group had a higher proportion of LA disease, received longer duration and more 

cycles of NAC, and underwent more open surgery and vascular resection compared with 

NAC. After matching using IPWE, patients who received NCRT had significantly lower 

rates of LN-positive disease, LVI, and improved disease-free survival. However, NCRT was 

not associated with a significant improvement in overall survival.

NAT is now commonly accepted as an important component of multimodality therapy for 

patients with borderline-resectable and locally advanced disease.3,4 Due to the systemic 

nature of PDAC, it may also benefit patients with resectable disease. While the survival 
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benefit of NAT has not been firmly established,5,6 it is associated with smaller tumor 

size at resection, LN sterilization, and higher rates of margin negative resection; potential 

surrogates for improved survival.7,8,26 Complete pathologic response to NAT—albeit 

uncommon—has also been associated with prolonged DFS and OS.27

Although radiotherapy is used for both neoadjuvant and adjuvant treatment of patients with 

PDAC, its impact on outcomes is controversial. In the adjuvant setting, the ESPAC-1 trial 

demonstrated no survival benefit of RT over chemotherapy alone, however recent large scale 

national studies suggest a potential benefit in patients with positive margins and/or LN 

positive disease.11,28,29 In the neoadjuvant setting, NCRT is used to improve local disease 

control.30-33 Studies comparing the use of NCRT to a surgery first approach demonstrate 

improved margin-negative resection rates, LN sterilization, and disease-free survival, but 

no benefit in overall survival.3,34 Our analysis supports those findings, demonstrating a 

decrease in LN positivity and LVI rates, as well as improved disease-free survival in patients 

who received NCRT compared with NAC after case–control matching. We also demonstrate 

a delay in local recurrence with NCRT, confirming findings in earlier studies.35 Our data, 

however, suggests no improvement in overall survival for NCRT over NAC after matching. 

Although this may be viewed as a negative finding, the comparable survival between both 

cohorts may suggest a benefit to NCRT, particularly in view of the advanced nature of 

disease in this cohort, as evidenced by increased need for vascular resections and longer 

duration of neoadjuvant chemotherapy.

The use of neoadjuvant SBRT has steadily increased over the last two decades, driven 

by encouraging data on its efficacy and favorable safety profile.36,37 Since our practice 

patterns have evolved to incorporate more SBRT in treating pancreatic cancer, we performed 

a subgroup analysis comparing NCRT utilizing SBRT or CFRT to NAC. We demonstrate 

that SBRT-based NCRT was associated with reduced LVI and significantly prolonged DFS 

compared with patients receiving NAC. This was not seen in patients who received CFRT­

based NCRT. Similar analyses on specific subgroups of patients with PDAC have shown 

an advantage of SBRT over CFRT in resectable and locally advanced PDAC.38,39 Although 

one study suggested a benefit in overall survival with SBRT-based NCRT,38 our study failed 

to show similar results. Clinical trials assessing the effect of SBRT on PDAC are currently 

underway and may help in establishing a more definite role for this modality.40,41

Since selection bias favors the administration of NCRT to locally advanced tumors, we 

also performed a subgroup analysis to examine the effect of NCRT on a subset of patients 

with locally advanced disease compared with resectable and borderline tumors. Studies 

of patients with LA disease demonstrate this group to have inferior survival,42 based on 

a high probability of positive margins, larger tumor size, and aggressive disease biology. 

Although the current study demonstrates no benefit for NCRT over NAC in LA patients, 

the comparable survival between LA and resectable tumors may again suggest a benefit to 

NCRT in this cohort.

Despite using case–control matching to control for confounders, our study has several 

limitations. First, our cohort was restricted to patients who underwent resection, and does 

not account for the larger denominator of patients who started NAC or NCRT but failed to 

Chopra et al. Page 7

Ann Surg Oncol. Author manuscript; available in PMC 2022 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



undergo resection, therefore our analysis was not performed on an intent to treat basis. This 

important selection bias could not be accounted for, but we assume the rate of progression 

or occult metastatic disease during NAT to be somewhat similar for both groups. Second, 

although we employed IPWE to alleviate selection bias—including resectability, baseline 

CA19-9 levels, type of NAC regimen, NAC cycles, and use of adjuvant therapy—other 

confounders, such as dose modifications and quality assurance of RT, were not accounted 

for in this analysis. The latter factor is particularly important, since SBRT was delivered 

centrally at our main surgical oncology campus, whereas CFRT was often administered at 

satellite hospitals, some of which were outside our hospital system. Third, although the 

overall sample size for the study enabled us to employ IPWE, our subgroup analysis of 

SBRT and CFRT groups was limited by small numbers.

CONCLUSION

This case–control matched analysis demonstrates that neoadjuvant chemoradiation is 

associated with improvement in several pathological outcomes compared with neoadjuvant 

chemotherapy alone. Despite this improvement in local control and disease-free survival, 

there was no overall survival benefit for NCRT over NAC alone. The role of neoadjuvant 

radiation as a component of multimodality therapy in localized pancreatic cancer remains to 

be determined by prospective studies.
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FIG. 1. 
Kapla–Meier graph comparing DFS in the NCRT group versus the NAC group
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FIG. 2. 
Kaplan–Meier graph comparing OS in the NCRT group versus the NAC group
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