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Abstract
Introduction: Although surgical resection is necessary, it is not sufficient for long-
term survival in pancreatic ductal adenocarcinoma (PDAC). We sought to evaluate 
survival after up-front surgery (UFS) in anatomically resectable PDAC in the context 
of three critical factors: (A) margin status; (B) CA19-9; and (C) receipt of adjuvant 
chemotherapy.
Methods: The National Cancer Data Base (2010–2015) was reviewed for clinically 
resectable (stage 0/I/II) PDAC patients. Surgical margins, pre-operative CA19-9, and 
receipt of adjuvant chemotherapy were evaluated. Patient overall survival was strati-
fied based on these factors and their respective combinations. Outcomes after UFS 
were compared to equivalently staged patients after neoadjuvant chemotherapy on an 
intention-to-treat (ITT) basis.
Results: Twelve thousand and eighty-nine patients were included (n = 9197 UFS, 
n = 2892 ITT neoadjuvant). In the UFS cohort, only 20.4% had all three factors (me-
dian OS = 31.2 months). Nearly 1/3rd (32.7%) of UFS patients had none or only 
one factor with concomitant worst survival (median OS = 14.7 months). Survival 
after UFS decreased with each failing factor (two factors: 23  months, one factor: 
15.5 months, no factors: 7.9 months) and this persisted after adjustment. Overall sur-
vival was superior in the ITT-neoadjuvant cohort (27.9 vs. 22 months) to UFS.
Conclusion: Despite the perceived benefit of UFS, only 1-in-5 UFS patients actually 
realize maximal survival when known factors highly associated with outcomes are as-
sessed. Patients are proportionally more likely to do worst, rather than best after UFS 
treatment. Similarly staged patients undergoing ITT-neoadjuvant therapy achieve 
survival superior to the majority of UFS patients. Patients and providers should be 
aware of the false perception of ‘optimal’ survival benefit with UFS in anatomically 
resectable PDAC.
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1  |   INTRODUCTION

Surgical resection is necessary for long-term survival in 
pancreatic ductal adenocarcinoma (PDAC) and is therefore 
perceived as the optimal initial treatment strategy in the 
15%–20% of patients presenting with anatomically ‘resect-
able’ tumors.1 However, despite curative-intent, surgery is 
not sufficient for durable long-term survival as the major-
ity of patients undergoing resection develop postoperative 
recurrence.2 The concept of ‘borderline’ resectability was 
introduced to identify those patients that may benefit from 
neoadjuvant therapy prior to resection due to increased risk 
of positive margins with upfront resection.3 Although a neo-
adjuvant strategy is increasingly utilized in anatomically bor-
derline PDAC, there is no consensus on the benefit of this 
approach in anatomically resectable tumors, despite increased 
interest in such an approach.4–6 What is known based on pre-
viously established data, is that specific factors profoundly 
influence post-operative survival in those patients undergo-
ing upfront surgery (UFS): margin status, CA19-9 levels, and 
receipt of adjuvant chemotherapy. Despite improvements in 
cross-sectional radiologic imaging, at least 20%–30% of ana-
tomically resectable patients will have a positive margin (R1) 
resection with consequent approximately 50% decrease in 
median survival.7,8 The importance of elevated CA19-9 lev-
els as a surrogate of occult metastatic disease and early post-
operative recurrence is now recognized.9–12 Finally, multiple 
trials have demonstrated the survival benefit of adjuvant sys-
temic chemotherapy in resectable pancreatic cancer, suggest-
ing the likelihood of occult residual disease in the majority 
of patients undergoing curative upfront resection. However, 
many patients do not ultimately begin or complete this rec-
ommended therapy.13–19 Although there have been several 
large database studies comparing upfront resection (UFS) 
with neoadjuvant therapy in anatomically resectable PDAC, 
none have specifically evaluated outcomes in the context of 
these important factors that profoundly and independently 
impact survival.4,5,20–22

In the era of UFS for PDAC, improvements in overall 
survival have plateaued. Thus, although surgery is known to 
be necessary for long-term survival in patients with pancre-
atic cancer, it is not sufficient to guarantee durable survival 
due to the influence of the factors outlined above. Due to the 
extensive resources required to conduct randomized trials in 
oncology, the challenges presented by the inability to blind 
patients to a neoadjuvant versus upfront-surgery treatment 
strategy, and the time which would be required to measure 
survival outcomes, such studies are difficult to appropriately 

design and accrue practically. Consequently, the utilization 
of observational data can facilitate the current critical evalu-
ation of the utility of UFS in localized PDAC.

Therefore, the present study is designed to assess the 
combinatorial frequency of the absence or presence of the 
above-mentioned survival factors in patients with local-
ized, anatomically resectable pancreatic cancer undergoing 
a surgery-first approach. Such an analysis to our knowledge 
has not been performed before. In contrast to prior work, this 
study does not merely intend to directly compare UFS against 
neoadjuvant, but rather seeks to add context by the determi-
nation of the ‘proportion’ of patients that are able to achieve 
optimal outcomes with upfront resection—a critical measure 
for population oncology. The aim was to assess the individ-
ual and combined influence of these factors on postoperative 
survival. For contrast, outcomes were compared to similarly 
staged patients undergoing neoadjuvant systemic chemother-
apy on an intent-to-treat basis, including patients who did not 
proceed to resection.

2  |   PATIENTS AND METHODS

This study is a retrospective cohort analysis of the National 
Cancer Data Base (NCDB) participant user file (PUF) of 
patients undergoing treatment for localized (AJCC Stage 
0/I/II) pancreatic adenocarcinoma from 2010 to 2015. The 
Mayo Clinic Institutional Review Board has deemed anal-
ysis of the NCDB PUF exempt from review. The NCDB 
contains over 30 million individual cancer cases collected 
by more than 1500 Commission on Cancer (CoC) ap-
proved facilities across the United States (US) and report-
edly captures over 70% of newly diagnosed cases of cancer 
in the US.23

Patients with PDAC were identified using International 
Classification of Diseases for Oncology, third edition (ICD-
O-3) topography (C25.0–C25.9) and histology (8140–8145, 
8211, 8230, 8260–8263, 8290, 8310, 8480–8481, 8500–
8508, 8521–8523, 8570–8576) codes. Included patients were 
diagnosed and treated at the reporting facility. Patients di-
agnosed with multi-site cancer and those missing pathologic 
or follow-up data were excluded. Summary staging was as-
sessed using the sixth or seventh edition AJCC staging man-
ual according to the year of the case. Curative intent surgery 
included surgery of primary site codes 21–89 which includes 
pancreaticoduodenectomy, distal partial pancreatectomy, 
total pancreatectomy, and pancreatectomy NOS. Patients 
with surgical codes 0 (no surgery), 90 (surgery, NOS), and 
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99 (unknown) were excluded. Patient data were assessed for: 
(A) negative (R0) margins; (B) normal pre-op CA19-9 lev-
els (<37 U/ml), evaluated according to previously published 
methods12; and (C) receipt of any adjuvant chemotherapy 
(single or multi-agent). Patients undergoing UFS were scored 
based on the absence (score = 0) or presence (score = 1) of 
any combination of these factors (total score  =  0–3) and 
overall survival (OS) was stratified by various factorial com-
binations. We then compared these outcomes with similarly 
staged patients undergoing neoadjuvant chemotherapy on an 
intention to treat (ITT) basis, including those treated with 
neoadjuvant therapy but who did not subsequently undergo 
curative-intent surgery. Missing data were handled with case 
exclusion or indicator variables. A STROBE-compliant dia-
gram showing all patients included and excluded is provided 
in Figure 1.

2.1  |  Statistical analysis

Normally distributed continuous data were expressed as 
mean and standard deviation and interrogated for equivalence 

with the two-tailed Student’s t-test. Non-normally distributed 
continuous data were expressed as median (inter-quartile 
range) interrogated for equivalence with the Mann–Whitney 
U test. Pearson’s chi-squared tests were used to interrogate 
uniformly distributed categorical variables and Fisher’s exact 
test was used for categorical variables with non-uniform dis-
tribution. Unadjusted survival analysis was performed using 
the method of Kaplan and Meier with survival defined as 
the time in months from date of surgery to death with THE 
censorship of patients alive at last follow-up. Unadjusted 
survival estimates were compared by means of the log-rank 
test. The NCDB does not provide data on progression or re-
currence, therefore survival is reported overall. To estimate 
the impact of procedure type and adjuvant therapy receipt 
on survival, we constructed a multivariable Cox proportional 
hazards model adjusted for age, gender, race, Charlson-Deyo 
comorbidity score, grade, presence of lymphovascular inva-
sion, margin status, receipt of radiation, receipt of chemo-
therapy, type of surgery, and type of facility. A significance 
level of 0.05 was used for all comparisons. Statistical analy-
sis was performed with R version 3.5.2 (‘Eggshell Igloo’—R 
Foundation for Statistical Computing, www.r-proje​ct.org).

F I G U R E  1   STROBE diagram of 
cohorts included and excluded

ITT Neoadjuvant 

(n= 2,892) 

Primary cancer of pancreas in NCDB from 

2010-2015 (n= 340,906) 

Excluded  (n= 328,817) 

♦ Not first cancer diagnosis (n= 23,825) 

♦ Not treated at reporting facility (n= 54,681) 

♦ No vital status information (n= 22,242) 

♦ No follow up date (n= 184) 

♦ Palliative Care (n=20,370) 

♦ CA 19-9 Unknown (n=117,267) 

♦ Chemotherapy Status Unknown (n= 2,412) 

♦ Margin Status Unknown (n= 1,230) 

♦ Not pancreatic ductal adenocarcinoma (n= 34,308) 

♦ Stage III, IV, or Unknown  (n= 43,504) 

♦ Topography not C25.0-25.2  (n= 2,315) 

♦ Procedure not PD or DPP  (n= 4,479) 

Included in Survival and Staging 

Analysis (n= 12,089)

Surgery First 

(n= 9,197) 

http://www.r-project.org
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3  |   RESULTS

Twelve thousand and eighty-nine total patients were in-
cluded, of which 9197 (76%) underwent UFS and 2892 
(24%) received neoadjuvant chemotherapy with a plan to 
proceed with curative surgery (ITT). Descriptive character-
istics and details for each cohort are shown in Table 1. UFS 
patients were slightly older (median age at diagnosis 66 vs. 
63), less often caucasian (84.4% vs. 87.2%), had higher co-
morbidity (64.9% vs. 67.4% Charlson score 0), and were less 
often treated in the academic setting (56.8% vs. 65.5%, all 
p < 0.001) compared to the ITT neoadjuvant cohort. There 
was no difference in gender between the groups. Differences 
in tumor location between groups were small, but UFS pa-
tients were less likely to have their tumor in the head of the 
pancreas.

Among UFS patients, 76.3% had negative margin resec-
tions, 31.8% had non-elevated CA19-9 levels, and 69.6% re-
ceived adjuvant chemotherapy. Only 20.4% of UFS patients 
had all three of these survival factors that resulted in the best 
median OS of 31.2 months (Table 2). In contrast, nearly 1/3rd 
of patients (32.7%) treated with UFS had either one or none of 
these survival factors, and this was associated with the worst 
survival (median OS  =  14.7  months). Unadjusted median 
survival decreased with the absence of each survival factor 
(23.4 months for two factors, 46.8% of patients; 15.5 months 
for one factor, 27.9% of patients; and 7.9 months for no fac-
tors, 4.9% of patients), and this survival varied by specific 
factorial combinations as outlined in Table 2. Figure 2 graph-
ically shows the unadjusted overall survival of the UFS pa-
tients stratified by their total factor score. The decrease in 
survival with the absence of each factor persisted even after 
adjustment for other clinically significant variables (age, gen-
der, race, comorbidity score, node status, tumor grade, type 
of facility—Figure 3).

Over the course of the study period, the proportion of 
patients undergoing ITT neoadjuvant chemotherapy signifi-
cantly increased from 18.6% in 2010 to 30.7% in 2014, and 
these patients were compared to UFS patients on clinical 
stage (0/I/II) at presentation (Table 1). Compared to UFS pa-
tients, the ITT neoadjuvant cohort was slightly less likely to 
have elevated CA 19-9 (62.8% vs. 69.2%). ITT neoadjuvant 
patients were more likely to have clinical stage II disease 
(55.4% vs. 39.1%) and higher rates of clinically node-positive 
disease (29.5% vs. 21.0%) at diagnosis. In spite of this, final 
pathologic markers for ITT neoadjuvant patients undergo-
ing resection skewed favorably compared to the UFS cohort 
with ITT patients much less likely to have final pathologic 
stage II disease after resection (79.7% vs. 91.2%), less pos-
itive nodes (47.6% vs. 70.7%), lower lymphovascular inva-
sion (34.7% vs. 53.4%), and lower rate of positive surgical 
margins (16.7% vs. 23.7%) suggesting treatment response to 
neoadjuvant therapy. Unplanned readmission within 30 days 

was more common (7.9% vs. 5.9%) and the mortality rate 
at 90 days after surgery was higher (5.3% vs. 4.5%) in the 
UFS cohort compared to those in the ITT neoadjuvant co-
hort. The overall survival for all patients in this study was 
23.5 months and was superior in the ITT neoadjuvant cohort 
(27.9 months) versus UFS (22.0 months). Median OS in the 
ITT neoadjuvant cohort was better than the survival in 80% 
of UFS patients. All comparisons reported above met statisti-
cal significance criteria.

4  |   DISCUSSION

Despite the perceived benefit of a surgery-first strategy in pa-
tients with localized, resectable PDAC,24 only 1-in-5 (20%) 
patients actually achieved maximum survival in the context 
of these three established predictive factors (margin status, 
pre-op CA19-9 levels, and receipt of adjuvant chemother-
apy). Survival decreased with each failing factor and a high 
proportion of patients (34%) were identified with only one 
or no factors with the resultant worst survival overall. The 
analysis confirms that UFS, although perceived as maximally 
beneficial, is in fact highly dependent on these specific fac-
tors, which apart from preoperative CA19-9 levels, cannot be 
known or guaranteed prior to resection. Therefore, despite the 
dominant perception of the benefit of UFS in anatomically 
resectable pancreatic cancer, the reality is that the majority 
of patients have a higher likelihood of actually doing the 
worst, rather than the best in the context of these factors with 
upfront resection. This is a probability that most surgeons 
and patients likely do not consider or realize, and should give 
pause to such a practice. These data also further highlight the 
potential benefits of neoadjuvant treatment sequencing, even 
in patients with surgically resectable PDAC.25 These find-
ings have an impact on treatment standards and guidelines.

In this study, 23.7% of patients had positive margins on 
final pathologic analysis, consistent with rates from previ-
ous adjuvant trials in resectable PDAC. In fact, this rate of 
margin positivity was lower than the ESPAC-III data (35%), 
but higher than CONKO (17%) and ESPAC-1 (18%).15,26,27 
CA19-9 was elevated in over 60% of patients in this cohort, 
and this is also highly consistent with rates reported in prior 
studies.8,28,29 Prior work has shown that any elevation of 
CA19-9 above normal is associated with detrimental stage-
matched survival outcomes, and that the only treatment se-
quence which ameliorates the decreased survival associated 
with CA19-9 elevation is neoadjuvant systemic chemother-
apy.12 Despite its known negative influence as well as reports 
from multiple centers on specific optimal CA19-9 cutoff lev-
els, this important and predictive survival factor continues to 
be under-utilized in otherwise resectable PDAC patients—
demonstrated by prior data revealing that only approximately 
25% of patients in national datasets even have pre-operative 
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T A B L E  1   Cohort demographics, pathologic characteristics, and outcomes

Surgery-first (UFS) Neoadjuvant (ITT) p

n = 9197 n = 2892

Median age [IQR] 66.0 [59.0, 74.0] 63.0 [56.0, 69.0] <0.001

Female sex 48.8% 47.6% 0.286

Race 0.002

Caucasian 84.4% 87.2%

African American 10.8% 9.2%

Other 4.8% 3.6%

Charlson Deyo score 0.028

0 64.9% 67.4%

1 29.0% 28.0%

2+ 6.1% 4.6%

Facility type <0.001

Community 3.3% 2.8%

Comprehensive community 27.9% 21.7%

Academic/research 56.8% 65.5%

Integrated network 12.0% 9.9%

Year of diagnosis <0.001

2010 18.7 13.6

2011 19.6 16.7

2012 20.5 19.3

2013 21.1 22.3

2014 20.0 28.1

Clinical stage (%) <0.001

Stage I 34.4% 23.6%

Stage II 39.1% 55.4%

Missing 26.5% 21.0%

Final path stage (%) <0.001

Stage I 8.8% 20.3%

Stage IIA 21.5% 32.2%

Stage IIB 69.7% 47.5%

Location <0.001

Head 75.0% 78.4%

Body/tail 15.5% 11.3%

Other/NOS 9.5% 10.3%

Median tumor size (cm) [IQR] 3.2 [2.5, 4.1] 3.2 [2.5, 4.1] 0.762

CA 19-9 elevated above normal 69.2% 62.8% <0.001

Tumor size category <0.001

<2 cm 10.3% 9.3%

>2 cm 88.5% 87.3%

Missing 1.2% 3.5%

cN status

cN0 62.6% 63.9%

cN1 21.0% 29.5%

Missing or unstaged 16.4% 6.6%

(Continues)
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CA19-9 measured.12 In the present study, 30.4% of patients 
did not receive adjuvant chemotherapy, and this is similar 
to the proportion observed in other studies of adjuvant ther-
apy in PDAC.29–31 Although prior analysis using the NCDB 
dataset compared survival outcomes of surgery-first versus 
neoadjuvant treatment in resectable PDAC,5,20–22 this is the 
first study to specifically compare outcomes of each treat-
ment sequence in the context of these critical and previously 
established survival factors in resectable patients. Therefore, 
this analysis provides much-needed clinical insight into the 
influence of these survival factors, two of which (margin sta-
tus and adjuvant therapy receipt) cannot be reliably predicted 
with the surgery-first approach.

Despite improvements in modern radiologic imaging, final 
pathologic margin status cannot be reliably predicted a pri-
ori. This is evident in numerous adjuvant chemotherapy trials 
for resectable PDAC that revealed positive margins in 17%–
35% of patients despite strict radiologic enrollment protocols 
for anatomically resectable tumors.15,26,27 Although modern 
imaging can predict major vascular involvement, it cannot 
determine extra-pancreatic extension and microscopic tumor 
infiltration, pathologic hallmarks of PDAC. Despite the im-
proved survival outcomes with adjuvant chemotherapy, these 

same trials have demonstrated that a significant proportion 
of patients do not ever receive or complete systemic therapy 
postoperatively for a variety of reasons (38% in CONKO-001, 
50% in ESPAC-I, and 43% in ESPAC III).15,26,27 Although 
CA19-9 levels can be ascertained at diagnosis and prior to 
treatment, and its impact on survival is well known, unfor-
tunately to date these findings have not led to significantly 
altered treatment guidelines.9

Aside from the clear survival benefit conveyed by the pur-
suit of ITT neoadjuvant therapy at the time of diagnosis, the 
data presented here also suggest that ITT neoadjuvant therapy 
is associated with improvement in other predictors of postop-
erative survival which may contribute to the overall impact. 
In spite of a higher rate of clinically positive nodes, the ITT 
neoadjuvant cohort had a lower rate of node positivity on final 
pathology, suggesting the treatment effect. Node status is a 
clearly established predictor of worse survival—as evidenced 
by its presence in the AJCC staging system. Additionally, the 
rates of pathologic high grade and lymphovascular invasion 
were lower in the ITT neoadjuvant group, which may suggest 
treatment effect and the concomitant impact on long-term 
survival, or could be due to selection. Finally, it is noteworthy 
that patients treated in ITT-neoadjuvant fashion in this study 

Surgery-first (UFS) Neoadjuvant (ITT) p

pN1 status (% of available) 70.7% 47.6% <0.001

High grade (% of available) 37.3% 32.2% <0.001

Lymphovascular invasion (% of available) 53.4% 34.7% <0.001

Positive margin (% of available) 23.7% 16.7% <0.001

Any radiation 31.7% 62.5% <0.001

Adjuvant chemotherapy 69.6% 33.8% <0.001

30-day readmission 7.9% 5.9% <0.001

90-day mortality 5.3% 4.5% <0.001

T A B L E  1   (Continued)

T A B L E  2   Mortality hazard and unadjusted median overall survival based on the score/treatment category

Treatment strategy Score category % (N) of Pts.
Unadjusted median overall 
survival (months)

Surgery-first ABC score = 3 20.4% (1876) 31.0

AC only, score = 2 32.4% (2977) 46.8% (4301) 79.6% (7321) 23.9 23.4 19.6

AB only, score = 2 8.4% (772) 23.3

BC only, score = 2 6.0% (552) 21.3

C only, score = 1 10.9% (999) 32.8% (3020) 17.5 14.7

A only, score = 1 14.7% (1349) 15.2

B only, score = 1 2.4% (217) 10.4

None score = 0 4.9% (455) 7.9

ITT neoadjuvant — 100% (2892) 27.9

Note:: A = Negative resection margin; B = Normal CA 19-9; C = Receipt of adjuvant chemotherapy.
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were more commonly clinical stage II and had longer survival 
in spite of this, suggesting an actual inversion of the staging 
system associated with neoadjuvant therapy. This suggests 
that for patients treated with a neoadjuvant approach, modifi-
cations to the staging system may be warranted.32,33

It is noteworthy that the dropout rate from ITT neoadju-
vant therapy in this study was very low and may not accu-
rately represent the true dropout rate given the limitations 
associated with such national datasets. There is a paucity of 
existing literature on dropout frequency after neoadjuvant 
therapy administration in resectable pancreatic cancer. The 
recent SWOG-S1505 trial abstract presented at ASCO 2020 
had approximately 6% dropout after neoadjuvant chemother-
apy initiation but prior to resection.34 The publication of more 
data on the rate of progression in clinically resectable pancre-
atic cancer patients treated with ITT neoadjuvant therapy is 
needed to understand the risks associated with this approach.

The best method for evaluating therapeutic efficacy in on-
cologic care has traditionally been the randomized controlled 

trial, which is viewed as the ‘gold standard’ of clinical ev-
idence. However, in recent years, there is a growing recog-
nition that trials can hinder our understanding of oncologic 
disease due to their cost, time required to execute, and the 
challenge of blinding patients to interventions such as neoad-
juvant chemotherapy versus UFS as well as creating an opti-
mal design to avoid confounding.35–37 Although randomized 
trials of UFS versus neoadjuvant systemic chemotherapy are 
being conducted, they are not blinded and their generaliz-
ability may be limited. In contrast, the utilization of obser-
vational ‘big data’ sources such as the NCDB can facilitate 
understanding of how treatment decisions can be optimized 
based on true ‘real world’ evidence. Although there is signif-
icant bias and confounding in these types of studies, there is 
growing recognition that well-designed studies utilizing ob-
servational data can provide strong insight into clinical best 
practices in oncology.38 Real-world observational data such 
as these are useful for understanding actual practice patterns 
and realized outcomes and should be utilized to inform the 

F I G U R E  2   Unadjusted survival 
analysis
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design and enrollment criteria for future randomized study 
protocols.39 In this way, retrospective analysis of ‘big data’ 
such as these can help advance the ‘gold standard’ in pancre-
atic cancer care.

Furthermore, the use of randomization to study oncologic 
therapy has major limitations which are often overlooked: 
fundamental flaws in design, limited power, and problems 
with randomization execution. For example, although the re-
cently presented SWOG-S1505 data demonstrate the feasibil-
ity of producing high-quality randomized data in this field, 
the fact that the study took 5 years to produce and did not 
demonstrate a clear ‘winner’ despite the ‘pick the winner’ 
design provides evidence of the limitations of studying can-
cer therapeutics using the methodology of randomization.34 
Additionally, the ESPAC-5F results failed to demonstrate 
a clear clinical difference, showing that even with national 
scope in a country with 70 million inhabitants over 4 years, 
there is insufficient accrual to execute a randomized study 
with four therapy arms and show a clinically meaningful dif-
ference.40 If randomization is the only method used to study 
pancreatic cancer, there will be many more years and patients 
lost before a high-quality answer to the question of whether 
UFS or neoadjuvant chemotherapy is a better treatment for 
patients with resectable pancreatic cancer is available. In the 
meantime, the data presented here can provide valuable per-
spective for clinical decision making both for the surgeon and 
the patient. The question posed should not be ‘is UFS better 
than neoadjuvant chemotherapy in resectable PDAC’ in gen-
eral, but rather what is the quantitative proportional benefit 
and odds for patients based on various known and established 
survival factors with an upfront surgical approach. Our data 
would suggest that survival is realistically far worse and 

durable survival is less likely than perceived in the context of 
this survival-factor-based analysis.

4.1  |  Limitations

This study is limited by its retrospective and non-randomized 
nature. We have attempted to utilize careful cohort selec-
tion and outlier exclusion to reduce the effects of selection 
bias and provide transparency into the sources of bias pre-
sent in our analysis. NCDB does not provide data on the 
completion of non-surgical therapy therefore we cannot as-
certain the completeness of chemotherapy and/or radiation 
treatment. Clinical staging data in the NCDB—as with all 
secondary data sources—may be incomplete or inaccurate, 
thus impacting the results of this analysis. Surgery-specific 
complication data such as post-operative pancreatic fistula 
or delayed gastric emptying are not available although these 
are some of the main contributing factors to non-receipt of 
adjuvant therapy in this population. Only one CA 19-9 level 
is provided in the NCDB, with limited granularity as we have 
previously described.12 However, the date when it was meas-
ured is not included, nor is this field a required field, and it is 
missing in many cases. Therefore, there is no way to utilize 
multiple CA 19-9 levels to measure for example treatment 
response. Data on the exact type of systemic chemotherapy 
and quantification of therapy administered are lacking in the 
NCDB, precluding analysis of the extent of systemic therapy 
administered. Completeness of the pathologic analysis is not 
possible to assess based on the data available in the NCDB. 
Finally, there is no data in NCDB on the utilization of salvage 
systemic therapy in response to recurrence or progression.

F I G U R E  3   Adjusted proportional 
hazards survival model
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5  |   CONCLUSION

Complete surgical extirpation followed by adjuvant systemic 
chemotherapy remains the ‘gold standard’ therapy for resect-
able pancreatic cancer. In spite of the perception that this 
surgery-first strategy in ‘resectable’ PDAC is maximally ben-
eficial, only 1-in-5 patients are able to achieve maximal on-
cologic benefit when assessed in the context of three known 
survival factors: negative margins, normal CA19-9, and re-
ceipt of adjuvant chemotherapy. Survival decreases with 
each failing factor, two of which cannot be predicted prior to 
surgery (margin status, adjuvant therapy). When assessed by 
these factors, patients with resectable tumors treated with a 
surgery-first approach are more likely to have the worst rather 
than the best survival outcomes. Similarly staged patients un-
dergoing ITT-neoadjuvant therapy can achieve survival out-
comes superior to the majority of patients treated with the 
surgery-first approach. Patients should be counseled regarding 
their actual probability of achieving maximal survival benefit 
rather than the perceived probability when discussing options 
for therapeutic sequencing. Further investigation is needed to 
critically re-assess the perceived benefit compared to actual 
outcomes in a surgery-first treatment paradigm for resectable 
PDAC with less focus on resection itself as an arbitrary metric 
of oncologic success and more attention paid to specific and 
established predictive factors of surgery outcomes.
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