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Abstract

Background: Only 15–20% of pancreatic ductal adenocarcinoma (PDAC) patients are upfront 

surgical candidates at presentation, and for this cohort of patients, the 5-year survival is a mere 

20% despite adjuvant therapy. Previous data indicate that in clinical practice most of these cases 

are “borderline-resectable,” and there is currently no mature data on perioperative treatment.

Methods: We performed a retrospective electronic chart review of patients with “borderline-

resectable”PDAC treated at an academic comprehensive cancer center, dividing them into groups 

based on surgery alone, surgery plus neoadjuvant, adjuvant, or neoadjuvant plus adjuvant 

perioperative treatment groups. The objectives were to determine the median overall survival 

(mOS), progression-free survival (PFS) and disease-free survival (DFS). Statistical analysis was 

performed to assess the association of demographic, tumor traits, and interventions with OS, PFS 

and DFS.

Results: Only surgery followed by adjuvant therapy showed an increase in mOS [hazard ratio 

(HR) 0.22; 95% CI, 0.09–0.51; P<0.001), after adjustment for radiation (yes vs. no), resection 
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margins (R0 vs. R1 or R2), and tumor location (head vs. body or tail). Patients who received 

adjuvant therapy after surgery had 2.1 times greater odds to be alive at 24 months after diagnosis 

than those who had surgery alone (P=0.015). PFS and DFS were not statistically significantly 

different among treatment groups after adjustment. Those whose disease was located in the head 

of the pancreas had a significantly improved OS (HR =0.27; 95% CI, 0.11–0.64; P=0.003), PFS 

(HR =0.40; 95% CI, 0.17–0.94; P=0.035), and DFS (HR =0.30; 95% CI, 0.13–0.67; P=0.004). 

Negative margins led to a significant improvement in PFS (HR =0.30; 95% CI, 0.16–0.57; 

P<0.001) and DFS (HR =0.30; 95% CI, 0.16–0.57; P<0.001). Those who received radiation had a 

non-significantly improved OS, PFS, and DFS (P>0.05).

Conclusions: Our study corroborated that patients treated with adjuvant therapy after surgical 

resection had an mOS benefit as reported on prior phase III clinical trials. Patients with 

“borderline-resectable” pancreatic cancer are encouraged to participate in a clinical trial or 

clinically be treated with adjuvant therapy until more mature results from the ongoing 

perioperative prospective study are available.
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Introduction

Pancreatic adenocarcinoma (PDAC) carries a high mortality rate, ranking number four out of 

all cancer-related deaths, second for gastrointestinal malignancies in the United States (1) 

and seventh worldwide (2). However, this is expected to change with cancer-related death 

from PDAC reaching 2nd place by 2030 (3). The only potentially curative modality is 

complete resection, followed by adjuvant therapy; unfortunately, only approximately 15–

20% of patients are surgical candidates at presentation due to delayed development of 

symptoms and consequent late diagnosis (4). In addition, among patients who undergo 

surgical resection, only approximately 20% are alive at 5 years (5). Most patients have 

symptomatic disease at diagnosis due to locally advanced pancreatic cancer. Only a selected 

number of patients with good performance status and “borderline-resectable” disease can 

undergo perioperative therapy and surgical resection. Patients with unresectable and/or 

metastatic disease are offered palliative chemotherapy.

Determination of surgical resectability in localized disease is a spectrum that ranges from 

resectable, borderline-resectable, to unresectable depending on the extent of vascular 

invasion, infiltration of adjacent structures, and involvement of distal lymph nodes based on 

a criterion established by the National Comprehensive Cancer Network (NCCN) (6). Tumors 

that encase the celiac artery and superior mesenteric artery (>180 degrees), with 

unreconstructable portal vein and superior mesenteric vein, and involvement of non-regional 

lymph node metastasis are considered unresectable; conversely, tumors that completely 

spare the above-mentioned vasculatures are considered resectable (6). Borderline-

resectability is generally considered for tumors that abut the arterial vasculature at <180 

degrees and/or about the portal or inferior vena cava vein (6). In clinical practice this 

translates to defining tumors of large dimension T3 (size >4 cm) or any T4 (contact with 

vasculature regardless of size) for stages IIA, IIB and III (4) as borderline-resectable. The 
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treatment for resectable pancreatic cancer continues to be upfront surgery; unfortunately, 

even for patients who achieve complete resection and are treated with adjuvant therapy, the 

5-year recurrence rate is ~80% and the 5-year survival rate is between 5% to 25% (7).

Based on mature data, the American Society of Clinical Oncology (ASCO) recommends 

adjuvant chemotherapy for 6 months after surgical resection for patients who did not receive 

perioperative therapy (8). Available adjuvant treatment options are gemcitabine monotherapy 

[2007 Conko-1 (9)], gemcitabine-capecitabine combination [2017 ESPAC-4 (10)], or 

modified FOLFIRINOX (oxaliplatin, irinotecan, leucovorin, and short-term infusional 

fluorouracil, [2018 PRODIGE-24(11)], which provide 22.8, 28.0, and 54.4 months median 

overall survival (mOS), respectively. The selection of each regimen is based on provider 

preference and patient’s performance status and age.

The role of neoadjuvant therapy for patients with resectable disease is undefined, and its use 

continues to evolve. The European Society of Medical Oncology (ESMO), NCCN, and 

ASCO recommend against neoadjuvant therapy for those with resectable pancreatic cancer 

outside of a clinical trial (6,8,12). However, in clinical practice, a majority of patients are 

considered to have “borderline-resectable” locally advanced disease given suspicious lesions 

on imaging, blood vessel involvement, and elevated CA 19-9 levels. The SWOG 1505 trial 

(NCT02562716), which is studying neoadjuvant chemotherapy for patients with resectable 

pancreatic cancer, reported a 29% rate of screen fail; of those cases, 36% had venous 

involvement ≥180°, 52% had extensive arterial involvement, and 67% had occult distant 

disease discovered upon central radiology review (13). Due to controversial and inadequate 

data highlighting a benefit for neoadjuvant therapy for borderline-resectable disease, current 

guidelines recommend enrolling patients to clinical trials. If clinical trials are unavailable or 

patients are ineligible to participate, the guidelines recommend considering chemotherapy 

(gemcitabine-based or mFOLFIRINOX) followed by chemo-radiation when applicable 

(chemo-sensitizers, including 5-fluorouracil, gemcitabine, capecitabine), and assessing 

response prior to surgery [Evidence Category 2A, 6,8,12], There are insufficient data to offer 

recommendations for perioperative therapy (neo and adjuvant treatments combined) to 

patients with “borderline-resectable” pancreatic cancer due to the lack of randomized 

controlled clinical trials showing benefit. The best regimen and modality remain undefined.

Our primary objective was to determine the mOS of different treatment modalities for 

patients with “borderline-resectable” pancreatic cancer at a large academic center, focusing 

on surgery (S) alone, neoadjuvant alone [neoadjuvant followed by surgery (NeoS)], adjuvant 

alone [surgery followed by adjuvant (SA)], or neoadjuvant plus adjuvant [perioperative 

therapies (NeoSA)] groups. Our secondary objectives were to analyze PFS and DFS of each 

group, and to further analyze resection margins and outcomes of radiation therapy.

Methods

A retrospective chart review using electronic medical records (EMR) of patients with 

“borderline-resectable” pancreatic cancer who underwent conventional (“Whipple”) or 

modified pancreaticoduodenectomy surgery between November 2011 and December 2016 at 

the University of Arizona Cancer Center was collected utilizing the cancer registry. The 
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study was approved by the institutional review board of the University of Arizona (Protocol 

Number: 1804508070). Inclusion criteria were: (I) histologically proven pancreatic ductal 

adenocarcinoma (PDAC); (II) available radiological evaluation by triple-phase contrast-

enhanced computed tomography, magnetic resonance imaging, or endoscopic ultrasound of 

a “borderline-resectable” tumor (Table 1) (clinical stage IIA, IIB, or III); (III) Eastern 

Cooperative Oncology Group (ECOG) performance status score of ≤2 and appropriate 

comorbidity profile for surgery and systemic therapy; and (TV) available perioperative EMR 

documentation. Exclusion criteria were: (I) patient with another malignancy not related to 

PDAC; (II) clinically resectable disease (Stage I), and unresectable locally advanced or 

metastatic pancreatic cancer (Stage TV); (III) surgical intervention aborted; (IV) other 

documented infectious or autoimmune active disease; and (V) incomplete medical 

documentation (pathology, scans, tumor board, or any other documents).

Patient demographics including age, gender, race, ethnicity, and comorbidities were 

collected. A preoperative level of the serum tumor marker carbohydrate antigen 19-9 (CA 

19-9; reference range, 0–37 U/mL) was included. Clinical-radiological stage was recorded 

by tumor size (cm, cT1-4), regional lymph node status (cN0-2), and final TNM 8th Edition 

Staging System (cIIA-III), and was reviewed and assessed by a hepatobiliary radiologist. 

Pathologic staging was also recorded by tumor location, histologic and differentiation grade 

(well, moderate, and poor), lymph node involvement (pN0-2), and resection margins (R0, 

R1, and R2). These were obtained from the surgical pathology report. The resection margins 

were defined as R0 for complete resection with all margins histologically uninvolved, R1 for 

incomplete resection with microscopic surgical resection margin involvement, and R2 for 

incomplete with a gross residual tumor that was not resected. Therapeutic treatment 

regimens including systemic chemotherapy, radiation therapy, or participation in a clinical 

trial were recorded.

Patients were then divided by treatment modality: Neoadjuvant + surgery + adjuvant 

(NeoSA), surgery + adjuvant (SA), neoadjuvant + surgery (NeoS), and surgery alone. OS 

was defined as the time from diagnosis until death from any cause, with patients alive or lost 

to follow-up at the cut-off date considered censored. PFS was defined as the time from 

biopsy-proven diagnosis until objective tumor progression (First-line treatment) or death, 

whichever occurs first. DFS was defined as the time from surgical resection until disease 

recurrence (First-line treatment) or death from any cause. Patients (n=3) with unknown 

progression status or unknown disease-free status were excluded from the PFS and DFS 

analyses.

Continuous data were summarized using means, standard deviations, medians and 

interquartile ranges. Categorical data were summarized using frequency tables. Continuous 

normally distributed data were compared using ANOVA methods. Continuous non-normally 

distributed data were compared using the non-parametric Kruskal-Wallis Rank Sum test. 

Categorical data were compared using χ2 or Fisher’s exact test. OS, PFS, DFS were 

summarized graphically using Kaplan-Meier methods while comparisons across treatment 

regimens used Log Rank tests. Multivariate Cox regression analysis was performed to assess 

the association of demographic and tumor traits with OS, PFS and DFS. Adjustment 

variables were radiation (yes vs. no), resection margins (R0 vs. R1 or R2), and tumor 
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location (head vs. body or tail). Two cases with “overlapping” tumor location were removed 

from the adjusted analyses. Additional sensitivity analyses adjusted for demographics 

variables, CA 19-9 tumor marker and ECOG status; the overall results were similar so are 

not presented. Logistic regression was used to assess differences in odds of death by 

treatment regimen. Statistical analyses were performed using Statal5. (Stata Corp, College 

Station, TX, USA). Statistical significance was set at P value less than 0.05.

Results

Our search of the University of Arizona Cancer Center tumor registry identified a total of 73 

patients who fulfilled eligibility criteria for borderline-resectable pancreatic cancer. Of those 

patients, perioperative treatment modalities were divided into NeoSA (n=9), SA (n=40), 

NeoS (n=9) and S (n=15). Our analysis included patients with a mean age of 65.7 years old 

at diagnosis (range, 41–92), with 56.2% male, 86.3% white, and 80.8% non-Hispanics, 

83.6% had ECOG of 0-1, 64.4% had biliary stent placement, and preoperative CA 19-9 

mean was 547.5 U/mL (SD 1,116.7, Table 2). Clinical radiology stages were II (87.6%) and 

III (12.3%). Pathology report highlighted: 83.6% at head of pancreas, 65.7% with moderate 

histological differentiation, 63.0% N1 lymph node positive, and positive resection margins 

in 50.7% of patients (R1 & 2, Table 3).

The most common chemotherapeutic regimens were mFOLFIRINOX (77.7%) in the 

neoadjuvant setting, gemcitabine-based (95.9%) in the adjuvant setting, and gemcitabine-

nab-paclitaxel in the first-line (38.8%) and second-line treatment (37.5%). Chemo-

radiotherapy (61.1 %) and clinical trials (22.2%) were more frequently used in the 

neoadjuvant setting (Table 4). The median time in weeks from diagnosis to surgery was 5.3, 

from diagnosis to neoadjuvant was 4.7, and from surgery to adjuvant was 8.9 (Table 4). The 

median follow-up time (date of diagnosis to date of last contact) for all patients was 17.7 

months.

The unadjusted median OS times were: 11.3 months for surgery only, 17.7 months for NeoS, 

32.4 months for NeoSA, and 45.2 months for SA (P=0.0002) (Figure 1A). After adjustment 

for clinically relevant covariates (radiation, resection margins, tumor location), the SA group 

had a significantly improved hazard ratio compared with the S group (HR =0.22; 95% CI, 

0.09–0.51; P<0.001). SA patients had 2.1 times greater odds to be alive at 24 months than 

surgery alone (P=0.015). Neither the NeoS nor NeoSA treated patients had a statistically 

significant increase in survival when compared to surgery alone (P=0.71 and P=0.53, 

respectively). Those whose disease was located in the head of the pancreas had a 

significantly improved hazards ratio (HR =0.27; 95% CI, 0.11–0.64; P=0.003). Those who 

received radiation had a non-significantly improved hazards ratio (HR =0.40; 95% CI, 0.16–

1.04; P=0.06), as did those with negative margins (HR =0.48; 95% CI, 0.22–1.03; P=0.06).

The unadjusted median PFS was 9.9 months for surgery only, 8.8 months for NeoS, 12.7 

months for SA, and 15.0 months for NeoSA. There was no statistically significant difference 

in unadjusted PFS by treatment regimen (P=0.07) (Figure 1B). Negative margins led to a 

significant improvement in PFS (HR =0.30; 95% CI, 0.16–0. 57 P<0.001), as did tumor 

location in the head of the pancreas (HR =0.40; 95% CI, 0.17–0.94; P=0.035). Those who 
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received radiation had a non-significantly improved hazards ratio (HR =0.49; 95% CI, 0.24–

1.01; P=0.054) for adjusted PFS.

The unadjusted median DFS was 5.9 months for surgery only, 8.8 months for NeoS, 9.1 

months for NeoSA and 12.0 months for SA. There was a statistically significant difference 

in median unadjusted DFS by treatment regimen (P=0.0097) (Figure 1C), however, there 

were no statistically significant differences after adjustment (P=0.092, P=0.100, P=0.399 for 

SA, NeoS, and NeoSA, respectively). Negative margins led to a significant improvement in 

DFS (HR =0.30; 95% CI, 0.16–0.57; P<0.001), as did tumor location in the head of the 

pancreas (HR =0.30; 95% CI, 0.13–0.67; P=0.004). Those who received radiation had a non-

significantly improved hazards ratio (HR =0.54; 95% CI, 0.26–1.10; P=0.090) for adjusted 

DFS.

Discussion

Currently, oncologists and thought leaders have no consensus recommendations for the best 

treatment course for patients with “borderline-resectable” pancreatic cancer. In our 

retrospective review of patients with “borderline-resectable PD AC”, post-operative 

treatment consisting of “SA therapy”, was the only approach to demonstrate an OS benefit. 

The mOS of our adjuvant therapy SA group (45 months) was numerically superior to those 

reported on prior phase III clinical trials [23 months, Conko-1 (9), 23 months ESPAC3 (14), 

26 months JASPAC 01 (15), and 28 months ESPAC4 (10)], which is relatively similar as 

most of our patients (96%) received gemcitabine-based therapy per clinical practice 

guideline recommendations up to 2016 (7). Furthermore, the addition of standard radiation 

therapy (>70% of patients received 50.4 Gy/28 Fx protocol) to chemotherapy had an added 

non-statistically significant positive mOS trend with NeoS 11.2, NeoSA 9.9 and SA 29.8 

months in patients without radiation versus mOS of 26.8, 32.4, and 61.3 months, 

respectively, in patients who received radiation (P=0.06) at our cancer center. In our 

experience, chemo-radiation benefit was more noticeable on those with high-risk features 

such as bulky head of the pancreas (T3) and positive resection margins (R1-2), indicating a 

potential role for radiation in this cohort of patients as indicated in ESMO, NCCN, and 

ASCO guidelines (6,8,12). Although CA 19-9 tumor marker and ECOG performance status 

were significantly different in the upfront surgery (including the adjuvant group) compared 

to the neoadjuvant groups, inclusion of these variables in the models did not alter the results. 

These were not detected as confounders nor did their inclusion independently influence the 

survival of patients in our analysis. This generally reflects common practice of offering 

surgery to patients with excellent performance status and low CA 19-9 levels (8).

In our study, the perioperative treatment (NeoSA) group had a positive mOS trend (32.4 

months) compared to surgery alone (11.3 months) (P=0.025), however, there was no 

statistically significant effect after adjusting for all confounders (P=0.53). A meta-analysis 

of 21 studies (consisting of 1 phase I, 3 phase II, 6 prospective, and 11 retrospective) 

reported the mOS after neoadjuvant and adjuvant therapy in 881 patients with “borderline-

resectable” PDAC as 19.2 months (95% CI, 11–32) compared to 12.8 months (95% CI, 

11.6–16.3) for upfront surgery (16). In a retrospective study, the mOS of 63 “borderline-

resectable” PDAC patients who received neoadjuvant treatment was similar to surgery alone, 
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corroborated by our cohort with S 8.1 months and NeoS 11.2 months (17). PREOPANC-1, 

an ongoing randomized, controlled, multicenter phase II trial, is comparing patients with 

“borderline-resectable” PDAC receiving perioperative chemo-radiotherapy with 

gemcitabine, upfront surgery, adjuvant gemcitabine chemotherapy, or upfront surgery 

followed by 4 months of adjuvant chemotherapy (18). Preliminary data presented at the 

2018 annual ASCO meeting showed the mOS was significantly better for the perioperative 

regimen (17.1 months) compared to adjuvant therapy alone (13.5 months), although adjuvant 

treatment [six cycles of gemcitabine alone] was considered substandard to current medicine-

based adjuvant recommendations [six cycles of gemcitabine plus capecitabine on ESPAC4 

(10), and twelve 2 weeks cycles of mFOLFIRINOX on PRODIGE-24 (11)], reflected in 

lower survival benefit when compared to historical controls (>20 months). In another 

comparable phase II trial, Yoo and colleagues presented at the 2019 annual ASCO meeting a 

trial of 44 patients who received 8 cycles of neoadjuvant mFOLFIRINOX, followed by 27 

patients who have undergone surgery, of whom only 24 patients were able to complete 6 

more cycles of adjuvant gemcitabine (19). Of those who completed perioperative therapy 

(NeoSA), mOS was 14.3 months, far below the published survival rates seen in adjuvant 

phase III trials (9–11). Prep-02/JSAP-05, a randomized, multicenter, phase II/III Japanese 

trial demonstrated a 36.7-month mOS benefit of neoadjuvant therapy with gemcitabine + 

oral S-1 [biosimilar to capecitabine not available in the US] followed by surgery and 6 

months of adjuvant S-1. However, the study excluded “borderline-resectable” patients, and 

this regimen will potentially become a new standard for resectable PDAC in Japan (20). On 

a highly selected and small patient population, Murphy and colleagues’ single-arm phase II 

trial, gave preoperative 8 cycles of FOLFIRINOX followed by individualized chemo-

radiotherapy (dose/fraction pending of treatment response) in borderline-resectable 

pancreatic cancer resulting in high rates of R0 resection (65%), prolonged median PFS (14.7 

months) and median OS (not reached) (21). Prior mentioned results will further need 

corroboration from a phase III clinical trial, specifically to evaluate the added benefit of 

chemo-radiotherapy treatment strategy to systemic neoadjuvant plan noted by our 

retrospective review (mOS 26.8) although non-statistically powered.

Consistent with the ASCO, ESMO and NCCN guidelines, enrollment in a clinical trial is 

preferred and encouraged for all patients with “borderline-resectable” pancreatic cancer 

(6,8,12). Our university-based comprehensive cancer center only enrolled 16.5% of the 

potentially eligible “borderline-resectable” PDAC patients with pancreatic cancer between 

November 2011 and December 2016, parallel to the number reported in the “Pancreatic 

cancer clinical trials and accrual in the United States” of 15%, showing a missed opportunity 

to accelerate accrual and participation in clinical trials (22). If a clinical trial for a 

“borderline-resectable” PDAC patient is not available, the patient is not a trial candidate, or 

the patient is not interested in a clinical trial, then best clinical practice would suggest a short 

course of induction chemotherapy with mFOLFIRINOX for fit and young patients, or 

gemcitabine-nab-paclitaxel for those with borderline performance status (ECOG 2), 

comorbidities, or older patients (>65 years old). This can incorporate chemo-radiotherapy in 

patients with bulky disease as our study revealed a trend in improvement for mOS, albeit 

low-powered. It is recommended to proceed to surgery for those physically fit that achieved 

treatment response and we recommend adjuvant therapy based on the aforementioned phase 
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III clinical trial results. Potential benefit could be attained from radiotherapy if surgical 

pathology shows positive resection margins, specifically if not administered in the 

neoadjuvant setting (23). However, to date, no specific chemo-radiation dose or schedule has 

been established. In the absence of prospective and randomized phase III trials 

demonstrating an OS benefit for perioperative treatment in patients with borderline PDAC, 

no overall recommendation can be established and management becomes individualized.

Our major study limitations were the low sample size, specifically in the neoadjuvant group 

as expected due to current clinical practice, and the retrospective nature of the study which 

may have missed other potential unknown confounding variables. In order to overcome these 

limitations, patients should be encouraged to participate in clinical trials (e.g., ALLIANCE 

trial A021501 NCT02839343, PANDAS-PRODIGE 44 NCT02676349, PRIMUS 002 

ISRCTN3 412 9115). Thus far, with current evidence-based medicine, patients with 

“borderline-resectable” pancreatic cancer should be offered upfront surgical resection 

followed by adjuvant chemotherapy or perioperative clinical trials.
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Figure 1. 
Kaplan-Meier overall survival (OS, A), progression-free survival (PFS, B), and disease-free 

survival (DFS, C).
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