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Structured Abstract:

Objective: We sought to compare overall survival (OS) and disease control for patients with 

localized pancreatic adenocarcinoma (PDAC) treated with ablative dose radiotherapy (A-RT) vs. 

resection.

Summary Background Data: Locoregional treatment for PDAC includes resection when 

possible or palliative RT. A-RT may offer durable tumor control and encouraging survival.

Methods: This was a single-institution retrospective analysis of patients with PDAC treated with 

induction chemotherapy followed by A-RT (≥ 98Gy biologically effective dose (BED) using 15–

25 fractions in 3–4.5 Gy/fraction) or pancreatectomy.
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Results: One hundred and four patients received A-RT (49.8%) and 105 (50.2%) underwent 

resection. Patients receiving A-RT had larger median tumor size after induction chemotherapy 

[3.2 cm (undetectable-10.9) vs. 2.6 cm (undetectable-10.7), P<0.001], and were more likely to 

have celiac or hepatic artery encasement (48.1% vs. 11.4%, P<0.001), or superior mesenteric 

artery encasement (43.3% vs. 9.5%, P<0.001); however, there was no difference in the degree of 

SMV/PV involvement (P=0.123). There was no difference in locoregional recurrence/progression 

at 18-months between A-RT and resection; cumulative incidence was 16% (95% CI 10%−24%) 

vs. 21% (95% CI 14%−30%), respectively (P=0.252). However, patients receiving A-RT had a 

19% higher 18-month cumulative incidence of distant recurrence/progression (58% [95% CI 48%

−67%] vs. 30% [95% CI 30%−49%], P=0.004). Median OS from completion of chemotherapy 

was 20.1 months for A-RT patients (95% C.I. 16.4–23.1 mo.) vs. 32.9 months (95% C.I. 29.7–42.3 

mo.) for resected patients (P<0.001).

Conclusions: Ablative radiation is a promising new treatment option for PDAC, offering 

locoregional disease control similar to that associated with resection and encouraging survival.

Mini-Abstract:

This was a retrospective analysis of patients with pancreatic ductal adenocarcinoma (PDAC) 

treated with induction chemotherapy followed by ablative dose radiotherapy (A-RT) or 

pancreatectomy. Locoregional disease control was comparable, with a cumulative incidence of 

locoregional recurrence/progression of 16% vs. 21%, for A-RT and resection, respectively (P 
=0.252). Median OS from completion of chemotherapy was 20.1 months for A-RT patients (95% 

C.I. 16.4–23.1 mo.) vs. 32.9 months (95% C.I. 29.7–42.3 mo.) for resected patients (P<0.001).

Introduction:

Pancreatic cancer is the 3rd leading cause of cancer-related death and carries a dismal 

5-year overall survival (OS) of ~10%1. In 2020 alone, it is estimated that there will be 

57,600 new cases diagnosed in the United States. Induction chemotherapy is recommended 

as the initial treatment for patients with borderline resectable (BR-) and locally advanced 

pancreatic ductal adenocarcinoma (LA-PDAC). However, resectability rates after induction 

chemotherapy are reported as low as 25% for patients with LA-PDAC, and there is wide­

ranging post-resection survival2–8. For patients with unresectable disease, 5-year survival is 

<10% and treatment options are limited2. The optimal induction strategy is still not known, 

with early-phase clinical trials and retrospective series demonstrating variable results9,10.

Radiation has been recommended in unresectable PDAC for locoregional control or to 

palliate symptoms. However to date, neither conventionally fractionated radiation therapy 

(CFRT) to 50.4–54 Gy, nor hypofractionated stereotactic body radiation therapy (SBRT) in 

5-fractions at similar biologically effective doses (BEDs) has been shown to improve overall 

survival compared to systemic chemotherapy alone11–16. Moreover, the delivery of high 

doses of radiation has traditionally been limited by the risk of gastrointestinal (GI) toxicity 

to the surrounding luminal organs17.

However, improvements in survival may be possible if higher BEDs of radiation can 

be safely delivered to pancreatic tumors18. At Memorial Sloan Kettering Cancer Center 
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(MSKCC), high-dose ablative radiation of ≥ 98Gy BED is being used for the treatment of 

locally advanced PDAC, with respiratory gating, image guidance, and adaptive planning in 

order to protect luminal organs while delivering ablative doses of radiation.

In this study, we sought to evaluate post-treatment survival, disease control, and safety 

in patients with pancreas-limited PDAC treated with induction chemotherapy followed by 

ablative radiotherapy (A-RT) compared to a contemporaneous cohort of resected patients.

Methods:

Cohort Selection

This study was a retrospective analysis of a prospectively maintained institutional database 

of patients with PDAC and was approved by the institutional review board (#17–603). We 

identified patients who were diagnosed with biopsy-proven PDAC between 2014–2018, 

evaluated by a multi-disciplinary tumor board, and treated with induction chemotherapy 

with either FOLFIRINOX/mFOLFIRINOX or gemcitabine plus nanoparticle-albumin-bound 

(nab-) paclitaxel (Figure 1), followed by either curative-intent pancreatectomy or A-RT 

as definitive locoregional control. Patients were included in the analysis cohort if they 

had American Joint Committee on Cancer (AJCC) 8th edition clinical stage T4 tumors 

(involvement of the celiac artery [CA], hepatic artery [HA], or superior mesenteric artery 

[SMA]) or involvement of the gastroduodenal artery (GDA), splenic artery/vein, superior 

mesenteric vein (SMV), or portal vein (PV) on baseline/pre-treatment diagnostic imaging. 

At MSKCC, we consider any involvement of the previously mentioned vascular structures as 

indicative of aggressive disease biology. Our criteria to recommend induction chemotherapy 

are similar to the Americas Hepato-Pancreato-Biliary Association (AHPBA)/Society of 

Surgical Oncology (SSO)/Society for Surgery of the Alimentary Tract (SSAT) definition of 

borderline and locally advanced PDAC19. Patients were excluded from both cohorts if they 

had extrapancreatic disease (M1) prior to locoregional therapy, a concurrent malignancy, or 

tumors that lacked vascular involvement and received induction chemotherapy due to poor 

fitness, pancreatitis, or comorbidities.

Ablative Radiation Technique

The background, rationale, and techniques required to administer A-RT in the treatment 

of LA-PDAC have been described in previous reports, and A-RT has been offered at 

MSKCC since 201620–22. Briefly, one of two ablative hypofractionated regimens, 75 Gy 

in 25 fractions (BED10 = 97.5 Gy) or 67.5 Gy in 15 fractions (BED10 = 97.88 Gy), are 

used based on the distance to the luminal GI tract and delivered with daily conebeam CT 

guidance and motion management. Patients with ≥ 5cm length of duodenal abutment by the 

pancreatic tumor are not eligible to receive this modality. The BED is calculated using the 

linear quadratic formula and is based upon the dose per fraction, total dose, and the response 

characteristics of the tumor to radiation (defined by the α/β ratio; BED10 assumes an α/β = 

10).
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Definitions

Vascular involvement was categorized as abutment (≤180°), encasement (>180°), or contour 

deformity (in the case of SMV/PV involvement) and patients were defined as resectable, 

borderline resectable (BR), or locally advanced (LA) based on baseline pre-treatment 

imaging using the AHPBA/SSO/SSAT definition19. An R1 resection was defined as tumor 

≤1mm from the following surgical margins: uncinate, pancreatic neck/transection, bile duct, 

proximal (gastric or duodenal), distal (duodenal or jejunal), PV/SMV groove, or SMA.

For patients who received A-RT, local progression was defined according to Response 

Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria as a 20% increase in the 

pancreatic tumor measured along the same axis (and a minimum of 5mm increase from 

pre-radiation baseline), the development of new target regional lymphadenopathy (short axis 

≥1.5cm, heterogeneity, or central necrosis), or “unequivocal progression” in the context of 

a poorly measured tumor or an increase of <20% (such as new vascular thrombosis or 

gastric outlet obstruction)23,24. For resected patients, local recurrence was defined as the 

first radiographic appearance of tumor after R0/R1 resection. The development of distant 

metastases was dated to the first radiographic appearance in both cohorts. Lymph node 

metastases were determined based on FDG-PET avidity, lymph node biopsy, or the above­

mentioned RECIST 1.1 criteria for pathological lymph node involvement.

A modified age-adjusted Charlson Comorbidity Index (CCI) was calculated based on the 

ICD-9-CM adaptation by Deyo et al., excluding weighted scores for cancer diagnoses25. 

Ninety-day perioperative complications were graded according to the Clavien-Dindo 

classification26. Toxicities associated with radiation and post-radiation events were graded 

according to the Common Terminology Criteria for Adverse Events (CTACE) version 4.0 

criteria.

Statistical Analysis

Continuous variables were described with median and range and compared using Wilcoxon 

Rank sum test. Categorical variables were described with count and percentage and 

compared using Fischer’s exact test. Overall survival (OS) was defined as time from the 

completion of induction chemotherapy until death or last follow-up, which was chosen 

to account for immortal time bias, as patients whose disease progressed during systemic 

chemotherapy would be excluded from this study. Recurrence/progression-free survival 

(RFS), locoregional recurrence/progression-free survival (LRFS), and distant recurrence/

progression-free survival (DRFS) were all measured from the completion of induction 

chemotherapy. RFS was calculated as time to first recurrence or progression of any kind 

with death without recurrence or progression as a competing risk. LRFS was calculated 

as time to locoregional recurrence or progression with competing risks of death without 

recurrence or progression or DR before LR. DRFS was calculated as time to distant 

recurrence or progression with competing risks of death without recurrence or progression 

or LR before DR. OS was analyzed using the Kaplan-Meier method and the log-rank test 

was used to assess differences between treatment groups. Cox proportional hazards models 

were used to measure the association of demographic and clinical features with mortality. 

RFS, LRFS, DRFS were analyzed using competing risk methods and Fine and Gray test 
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was used to assess differences between treatment groups. A P value of <0.05 was considered 

statistically significant. Data were analyzed using SAS Version 9.4 (SAS Institute, Cary, 

North Carolina).

Matching

Anticipating both demographic and tumor-related differences between treatment cohorts, we 

attempted propensity score matching on several variables including: age, gender, diabetes, 

coronary artery disease, body mass index (BMI), lymphadenopathy after completion of 

chemotherapy, pre- and post-chemotherapy tumor size, carbohydrate antigen 19–9 (CA 19–

9) and degree of arterial and venous involvement. When matched on these variables, there 

was limited overlap in propensity score between groups and matching was not possible 

(Supplementary Figure 1). Thus, we performed direct comparisons between cohorts.

Results:

Between 2014–2018, 209 patients were eligible for analysis, of which 104 (49.8%) received 

A-RT and 105 (50.2%) underwent curative-intent resection. There were no differences 

in age, gender, or body mass index (BMI) between cohorts (Table 1). There was no 

difference in the induction chemotherapy regimen administered, with the majority of 

patients receiving FOLFIRINOX/mFOLFIRINOX and the remainder receiving gemcitabine 

plus nab-paclitaxel (P=0.096) (Table 1). Patients who underwent resection were more likely 

to have a CCI of 0 (71.4% vs. 57.7%, P<0.001), as well as pancreatic head tumors 

(82.9% vs. 61.5%, P<0.001), whereas patients who received A-RT had higher ECOG 

scores, although this difference was not statistically significant (ECOG=2+, 12.5% vs. 

6.0%, P=0.148). Patients receiving A-RT had larger median tumor size both before (3.7 cm 

[range 1.2–7.4 cm], vs. 3.1 cm [1.5–7.8 cm], P<0.001) and after induction chemotherapy 

(3.2 cm [undetectable-10.9 cm] vs. 2.6 cm [undetectable-10.7 cm], P<0.001), as well as 

higher median CA 19–9 levels both before (220.5 u/mL [range 0–9,635 u/mL] vs. 114 u/mL 

[0–3,959 u/mL], P=0.035) and after induction chemotherapy (76 u/mL [0–3,507 u/mL] 

vs. 31 u/mL [0–3,415u/mL], P=0.006). Patients who received A-RT were more likely to 

have CA/HA encasement (48.1% vs. 11.4%, P<0.001), and SMA encasement (43.3% vs. 

9.5%, P<0.001); however, there was no difference in the degree of SMV/PV involvement 

(P=0.123). Median follow-up time from diagnosis was 33.6 months for patients receiving 

A-RT and 36.0 months for resected patients, whereas follow-up from the completion of 

chemotherapy was 27.7 months for patients receiving A-RT and 30.4 months for resected 

patients.

Twenty-six patients (25.0%) had a toxicity or complication that was potentially attributable 

to or associated with their radiation treatment (Table 2). Patients may be listed as having had 

simultaneously occurring toxicities in multiple organ systems; 6 patients (5.8%) experienced 

GI bleeding, 3 (2.9%) experienced duodenal stenosis, 4 (3.8%) experienced new biliary 

obstruction, and 3 (2.9%) experienced a vertebral body fracture. Eleven patients (10.6%) 

developed complications associated with a preexisting biliary stent, including cholangitis, 

in-stent stenosis, stent migration, or the need for reintervention. In the A-RT cohort, there 

were five 90-day mortalities (4.8%); 3 patients developed distant metastases within 90-days, 
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and the death of all 5 was cancer-related. Three patients (2.9%) had an aborted resection 

after A-RT, and one patient went on to receive a pancreaticoduodenectomy at an outside 

facility.

In the resected cohort, the majority of patients had AJCC 8th Ed. ypT2 tumors (52/105, 

49.5%), 30 (30.5%) received standard-dose preoperative radiation (36–50.4 Gy), and 2 

(1.9%) received ablative-doses of preoperative radiation (Supplementary Table 1). Thirty­

one patients (29.5%) required a vascular repair, resection, or reconstruction, the majority 

of which were venous repairs (23/31, 74.2%). Fifty patients (47.6%) had lymph node 

metastases on pathology and 40 (38.1%) had an R1 resection. Fifty-nine patients (56.2%) 

had at least one 90-day complication and 30 (28.6%) had a Grade 3 or greater complication 

(requiring an intervention under anesthesia according to the Clavien-Dindo classification26) 

(Table 2). There were two 90-day mortalities (1.9%): one patient developed distant 

metastases within 90-days and this patient died from sepsis of unknown etiology, while 

the second death was attributed to both pulmonary embolism as well as hepatic arterial 

hemorrhage.

Patients receiving A-RT had a 20% higher 18-month cumulative incidence of any 

recurrence/progression (70% [95% CI 61%−78%] vs. 50% [95% CI 40–60%], (P<0.001)) 

compared to resection (Figure 2). This difference was due to a 19% higher 18-month 

cumulative incidence of distant recurrence/progression (58% [95% CI 48%−67%] vs. 

30% [95% CI 30%−49%], P=0.004). There was no difference in the rate of locoregional 

recurrence/progression at 18-months between A-RT and resection with a cumulative 

incidence of 16% (95% CI 10%−24%) vs. 21% (95% CI 14%−30%), respectively (P=0.252) 

(Figure 3a).

There was a 12.8-month difference in the median OS between patients who underwent 

radiation vs. surgery (P<0.001). OS was 20.1 months for patients who received A-RT 

(95% CI 16.4–23.1 mo.) and 32.9 months for patients who underwent resection (95% 

CI 29.7–42.3 mo.) (Figure 4). One- and 2-year survival for patients treated with RT and 

resection were 76% vs. 83% and 38% vs. 62%, respectively. We performed a sensitivity 

analysis excluding patients who received preoperative radiation (N=32) and there was 

no major difference in OS or competing risk analyses evaluating recurrence/progression 

(Supplementary Figure 1 and 2).

On univariable analysis, an ECOG score of ≥ 2 (HR 3.5 [95% CI 2.1–5.9], P<0.001), CA 

encasement (HR 1.6 [95% CI 1.1–2.3], P =0.020), and SMA encasement (HR 1.7 [95% 

CI 1.2–2.6], P=0.005) were all associated with worse survival (Supplementary Table 2). 

SMV and PV abutment or encasement/contour deformity, age gender, BMI, CA 19–9 pre- 

and post-induction chemotherapy, and tumor size pre- and post-induction chemotherapy 

were not associated with survival. Given the aforementioned differences between cohorts, a 

multivariable adjusted model was not performed.
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Discussion:

In this study, we report a similar rate of locoregional control for patients with PDAC and 

vascular involvement when treated by A-RT compared to resection. At 18-months, 84% of 

patients who received A-RT had durable locoregional tumor control, compared to 79% of 

resected patients. OS was inferior in the A-RT group, and while this survival difference 

cannot be fully explained in a retrospective design, this may be due to selection bias, 

as A-RT patients had a higher rate of distant metastasis, more comorbidities, higher CA 

19–9 values, larger tumors, and a greater degree of arterial involvement. There may also 

be inherent benefit to operative resection and removal of the primary tumor. A-RT had 

a major adverse event rate of 25.0%, which was similar to surgery; 28.6% of patients 

experienced grade 3 or worse complications after pancreatectomy. Patients receiving A-RT 

had encouraging survival, with a median OS of 20.1 months from the completion of 

induction chemotherapy, and 24.7 months from diagnosis, with a 1- and 2-year survival 

of 76% and 38%, respectively.

To date, radiotherapy in the treatment of PDAC has produced mixed results, likely due 

to the RT dose and strategy employed14,15,27. The LAP07 trial randomized 269 patients 

with LA-PDAC who did not progress after 4 months of induction chemotherapy with 

either gemcitabine alone or gemcitabine plus erlotinib to receive either chemotherapy, or 

chemoradiation (54 Gy in 30 fractions and concurrent capecitabine)27. On a per-protocol 

analysis, there was no difference in the OS for the 133 patients treated with chemoradiation 

(15.2 months) vs. systemic chemotherapy alone (16.5 months), although chemoradiation was 

associated with improved local control and longer time to re-initiation of treatment.

Initial attempts to utilize higher doses of radiation have been equally discouraging, and 

historically limited by gastrointestinal toxicity. In a recent analysis of the National Cancer 

Database by Zhong et al., patients who received SBRT (≥4 Gy per fraction, median 

BED10 = 72 Gy) were propensity matched with patients receiving CFRT (≤ 2 Gy per 

fraction), and although a statistically significant survival benefit of 13.9 vs 11.6 months 

was reported for those receiving SBRT (P<0.001), these survival figures are still no better 

than systemic chemotherapy alone17. However, more aggressive dose escalation using a 

protracted hypofractionation approach, initially described by Krishnan et al., showed a 

survival benefit for those who received a BED of >70 Gy (17.9 vs 15 mo., P=0.03), laying 

the foundation for our current program at MSKCC.

Using a standardized approach to A-RT planning and delivery, our group at MSKCC has 

recently reported that dose escalation can translate into durable local control and a promising 

median survival of 26.8 months from diagnosis and 18.4 months from RT22. These figures 

are similar to contemporaneous data, such as the phase 3 randomized PREOPANC trial 

that reported a median OS of 17.3 months in the pre-planned subgroup analysis of patients 

with BR-PDAC who received chemoradiation followed by resection28. With wide-ranging 

survival data based on retrospective reports and ongoing research about resectability after 

induction chemotherapy, it is difficult to determine who is the ideal candidate for resection 

of locally-advanced tumors29.
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At this time, pancreatectomy remains the preferred treatment modality for localized PDAC, 

despite only 15–20% of patients presenting with resectable disease. Improvements in 

surgical technique have led to the feasibility of both arterial and venous resection30–32. 

However, vascular resection or reconstruction in order to fully resect locally advanced 

tumors is not without additional risk. Beane et al. demonstrated an increase in the need for 

blood transfusion, venous thromboembolism, septic shock, and a non-significant increase in 

mortality for pancreaticoduodenectomies requiring venous or arterial resection in a recent 

propensity matched study of the National Surgical Quality Improvement Project33. Although 

reports specifically on arterial reconstruction are limited to smaller series, perioperative 

morbidity has been reported between 38.2–53.0%, with mortality rates between 2.9 and 

10.0%30,34,35 . Due to the high morbidity of arterial resection, A-RT may be an attractive 

option for many patients.

We initially designed our study to compare A-RT to resection in a similar group of patients; 

however, due to treatment allocation bias, the two cohorts differed substantially in both 

demographic and disease-specific characteristics, preventing propensity score matching. As 

such, these two groups are too dissimilar to compare treatment modalities head-to-head, 

or to generalize the results of patients receiving A-RT to those who would be traditionally 

offered resection, and vice versa. In this study, 70.2% of patients receiving A-RT would be 

considered locally advanced by AHPBA/SSO/SSAT criteria for resectability, compared to 

19.0% of resected patients, and only 4 (3.8%) required an arterial reconstruction or repair 

(Supplementary Table 1). The 12.8-month survival difference is presumably multifactorial. 

Both CA/HA and SMA encasement were associated with adverse survival (1.6- and 1.7-fold, 

respectively), and more aggressive disease biology may predispose to a higher rate of 

distant metastases (58% vs. 30% at 18 months). The A-RT cohort was also characterized 

by more comorbid conditions and poorer functional status, which itself was associated with 

a 3.5-fold increased risk of mortality. Despite these differences, our results are promising 

and highlight the potential for A-RT as a modality by which to achieve locoregional tumor 

control particularly for patients unable to undergo resection in the short-term or indefinitely.

We acknowledge that there are several limitations of this study, including its retrospective 

nature, small sample size, and differences between cohorts being studied. The differences in 

fitness, functional status, and vascular involvement are likely due to selection bias and are a 

limitation of retrospective analysis. Importantly, the higher rate of adverse prognostic factors 

in patients who received A-RT may underestimate the true efficacy of this modality. Lastly, 

the assessment of locoregional failure or progression after A-RT is inherently difficult due 

to peripancreatic fat infiltration which may lead to overestimation of size based on RECIST 

1.1 criteria18. Our hypothesis-generating results support further prospective clinical trials to 

compare surgery to A-RT.

This report is consistent with growing evidence for definitive radiation in the treatment of a 

variety of solid tumors, including anal, prostate, head and neck, cervical, lung, esophageal 

and rectal cancer, for which chemoradiation can achieve durable local tumor control in 

locally advanced disease36. Although less-widely practiced, intraoperative radiotherapy 

(IORT) to the tumor bed or to intact tumors of 10–20 Gy (BED10 20–60 Gy) after 

preoperative chemoradiation to 50.4–58.8 Gy (BED10 59.47–69.38 Gy) have been reported. 

Jolissaint et al. Page 8

Ann Surg. Author manuscript; available in PMC 2022 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A single-institution series by Keane et al. reported a median OS of 35.1 months for resected 

LA/BR PDAC and IORT37. Similarly, a separate series from the Massachusetts General 

Hospital demonstrated a median OS of 46.7 and 23 months for patients with LA/BR 

PDAC who underwent IORT with and without resection, respectively38; these data are both 

comparable to our report and reinforce the evidence that dose-escalation strategies may 

improve survival. At our institution, the phase II, single-arm, open-label MAIBE (Maximal 

Ablative Irradiation Because of Encasement) trial is enrolling patients with locally advanced 

tumors to receive the A-RT regimens described in this report with concurrent capecitabine 

with a primary endpoint of resectability and a secondary endpoint of surgical safety after 

A-RT (NCT03523312). This approach provides a definitive option for those patients who 

may not ultimately be candidates for surgery. Thus, the future possibility of combining these 

modalities may permit optimal outcomes. Of course, systemic regimens must continue to 

be improved in tandem with locoregional control, as distant failure and generally poor OS 

plagues the disease course in PDAC.

Conclusion:

Ablative radiation is a promising new treatment option for localized PDAC as part of a 

multi-modal approach. We report that A-RT provides similar locoregional control compared 

to pancreatectomy in patients who have received induction chemotherapy. There was a 12.8­

month survival difference in favor of resected patients, however patients who completed 

A-RT had an encouraging median OS of 2-years from diagnosis. These data support future 

clinical trials to directly compare the outcomes of A-RT to surgical resection in patients with 

PDAC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
CONSORT diagram for cohort selection.
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Figure 2. 
Competing risk analysis demonstrating the cumulative incidence of any recurrence/

progression (locoregional or distant) with death without recurrence as a competing risk.
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Figure 3. 
Competing risk analyses demonstrating (a) time to first locoregional recurrence/progression 

with death without recurrence/progression and distant recurrence/progression before 

locoregional recurrence/progression as competing risks and (b) time to first distant 

recurrence/progression with death without recurrence/progression and locoregional 

recurrence/progression as competing risks.
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Figure 4. 
Overall survival comparing patients who underwent resection vs. ablative radiation
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Table 1.

Demographic, Treatment-Related, and Radiographic Features

Variable Ablative Radiation (N=104) Resection (N=105) P-Value

Age, years (median, range) 67.3 (42.4–90.6) 68.7 (39.1–83.6) 0.860

Female Sex, N (%) 52 (50) 56 (53) 0.679

BMI, kg/m2 (median, range) 24.6 (16–42) 26.1 (18–42) 0.206

CCI, N (%) <0.001

 0 60 (58) 75 (71)

 1 38 (37) 14 (13)

 2+ 6 (6) 16 (15)

ECOG, N (%) 0.148

 0,1 91 (88) 94 (94)

 2,3 13 (12) 6 (6)

CA 19–9 pre-induction therapy, u/mL (median, range) 220.5 (0–9,635) 114 (0–3,959) 0.035

CA 19–9 post-induction therapy, u/mL (median, range) 76 (0–3,507) 31 (0–3,415) 0.006

Tumor size pre-induction therapy, cm (median, range) 3.7 (1.2–7.4) 3.1 (1.5–7.8) <0.001

Tumor size post-induction therapy, cm (median, range) 3.2 (0.0–10.9) 2.6 (0.0–10.7) <0.001

Tumor location, N (%) <0.001

 Head 64 (62) 87 (83)

 Body/tail 40 (38) 17 (16)

 Head and body/tail 0 (0) 1 (1)

Induction chemotherapy regimen, N (%) 0.096

 FOLFIRINOX/mFOLFIRINOX 65 (63) 77 (76)

 Gemcitabine and nab-paclitaxel 36 (34) 22 (21)

 Unknown/other 3 (3) 3 (3)

Celiac or hepatic artery involvement <0.001

 None 46 (44) 82 (78)

 Abutment 8 (8) 11 (11)

 Encasement 50 (48) 12 (11)

Superior mesenteric artery involvement <0.001

 None 41 (39) 73 (70)

 Abutment 18 (17) 22 (21)

 Encasement 45 (43) 10 (9)

Superior mesenteric vein or portal vein involvement <0.123

 None 16 (15) 19 (18)

 Abutment 38 (37) 50 (48)

 Encasement or contour deformity 50 (48) 36 (34)

AHPBA/SSO/SSAT resectability classification <0.001

 Resectable
a 2 (2) 4 (4)

 Borderline Resectable 29 (28) 81 (77)

 Locally Advanced 73 (70) 20 (19)

Follow-up time from diagnosis, months (median, range) 33.6 (6.7–54.9) 36.0 (5.7–168) N/A
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Variable Ablative Radiation (N=104) Resection (N=105) P-Value

Follow-up time from completion of chemotherapy, months (median, range) 27.7 (4.3–49.6) 30.4 (2.3–166) N/A

Time from diagnosis to completion of chemotherapy, months, (median, 
range)

4.6 (0.5–14.1) 3.9 (0.7–17.1) N/A

a
GDA abutment, and splenic arterial/venous involvement are considered resectable disease by this definition

AHPBA = Americas Hepato-Pancreato-Biliary Association, BMI = body mass index, CA 19–9 = carbohydrate antigen 19–9, CCI = Charlson 
Comorbidity Index, ECOG = Eastern Conference Oncology Group, SSO = Society of Surgical Oncology, SSAT = Society for Surgery of the 
Alimentary Tract
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Table 2.

Toxicities and complications attributed to or associated with ablative radiation

Ablative Radiation N (%) Resection N (%)

Patients with any toxicity/complication
a 26 (25.0) Patients with any complication 59 (56.2)

Summary of toxicities/complications 
b

Worst complication grade 
d

Dyspepsia 1 (1.0) Grade 1 (no intervention) 8 (7.6)

Gastric or duodenal ulcer 1 (1.0) Grade 2 (pharmacologic intervention only) 21 (20.0)

Vertebral body fracture 3 (2.9) Grade 3 (intervention requiring anesthesia) 22 (21.0)

Upper gastrointestinal bleeding 6 (5.8) Grade 4 (requiring ICU care) 6 (5.7)

Duodenal stenosis 3 (2.9) Grade 5 (death within 90-days) 2 (1.9)

Biliary obstruction 4 (3.8)

Complication with biliary stent 11(10.6)

Death within 90-days
c 5 (4.8)

ICU = intensive care unit

a
Patients may have more than one toxicity or complication listed

b
Radiation Therapy Oncology Group (RTOG) and European Organization for Research and Treatment of Cancer (EORTC) criteria

c
None directly attributed to ablative radiation

d
Clavien-Dindo classification
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