Journal of Gastrointestinal Surgery (2022) 26:1697-1704
https://doi.org/10.1007/s11605-022-05380-3 %

ORIGINAL ARTICLE q

Check for
updates

Comparing Minimally Invasive and Open Pancreaticoduodenectomy
for the Treatment of Pancreatic Cancer: a Win Ratio Analysis

Eliza W. Beal' - Djhenne Dalmacy’ - Alessandro Paro' - J. Madison Hyer' - Jordan Cloyd" - Mary Dillhoff -
Aslam Ejaz' - Timothy M. Pawlik’

Received: 17 December 2021 / Accepted: 3 June 2022 / Published online: 15 June 2022
© The Society for Surgery of the Alimentary Tract 2022

Abstract

Introduction Despite its rising adoption, the use of minimally invasive (MIS) pancreaticoduodenectomy (PD) in the treat-
ment of pancreatic cancer remains controversial. We sought to compare MIS and open PD for pancreatic cancer resection in
terms of short-term, long-term, and oncologic outcomes using the win ratio, a novel statistical approach.

Methods Patients undergoing PD for pancreatic adenocarcinoma 2010-2016 were identified from the National Cancer
Database (NCDB). Patients were paired based on age, sex, race, tumor size, Charlson-Deyo score, and receipt of neoadjuvant
chemotherapy. The win ratio was calculated based on 30-day and 3-year mortality, receipt of adjuvant chemotherapy, surgical
margin status, examination of at least 11 lymph nodes, extended length of stay, and 30-day readmission.

Results Among 18,936 patients, median age was 67 (IQR: 60—74); most patients had stage II disease at diagnosis (n= 16,530,
87.3%) and tumor size >2 cm (n= 15,880, 83.9%). The majority of patients underwent open PD (n= 16,409, 86.7%) versus
MIS PD (n=2527, 13.3%). For every matched patient-patient pair, the odds of the patient undergoing MIS PD “winning”
were 1.14 (95%CI 1.13-1.15) higher versus open PD. The benefits of MIS PD were most pronounced among patients with
tumor size <2 cm (WR 1.21, 95%CI 1.13-1.30 versus >2 cm, WR 1.13, 95%CI 1.12—1.14) and patients who received
neoadjuvant chemotherapy prior to resection (WR 1.28, 95%CI 1.23-1.32 versus no neoadjuvant chemotherapy, WR 1.13,
95%CI 1.11-1.14).

Conclusions MIS PD may be preferable to open PD based on a hierarchical composite outcome that considered short-term,
long-term, and oncologic outcomes.

Keywords Win ratio - Pancreaticoduodenectomy - Minimally invasive surgery (MIS)

Introduction

Pancreatic cancer is the 4th leading cause of cancer death
among both men and women in the USA with a 5-year over-
all survival of approximately 8% [1]. While treatment for
early-stage pancreatic cancer includes neoadjuvant and/or
adjuvant chemotherapy, and sometimes radiation, surgical
resection is the best potentially curative treatment option [2].
Only 10-15% of patients present, however, with surgically
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resectable disease, and 5-year overall survival for this popu-
lation approaches 25% [1]. Resectability may be limited by
abutment or involvement of major vascular structures, dis-
tant disease, or severe patient comorbidities. [3]
Pancreaticoduodenectomy (PD) or the Whipple procedure
is the surgical procedure of choice for resection of pancre-
atic adenocarcinoma of the head of the pancreas and was
classically performed in an open fashion using a generous
midline, subcostal, or L-shaped incision [4]. However, mini-
mally invasive surgical (MIS) techniques are increasingly
used for the performance of PD [5, 6]. MIS techniques for
PD include both laparoscopic and robotic approaches. Rand-
omized controlled trials (RCTs) comparing laparoscopic and
open PD have reported variable outcomes [7-10]. Patients
undergoing laparoscopic PD tend, however, to have shorter
LOS, less blood loss, and longer operative time yet simi-
lar rates of major complications, number of lymph nodes
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retrieved, resection margins, and pancreatic-specific com-
plications (delayed gastric emptying, pancreatic fistula,
post-pancreatectomy hemorrhage) [7-10]. While no RCTs
comparing robotic and open PD are currently available, an
early prospective matched study demonstrated shorter LOS,
less blood loss, better nutritional recovery, earlier return to
activity, and faster resumption of bowel function, with com-
parable morbidity and mortality, margin status, and number
of lymph nodes retrieved [11]. Despite these data, the use of
MIS PD remains controversial due to the absence of high-
quality long-term data on oncologic outcomes. The recent
Miami International Evidence-Based Guideline on Mini-
mally Invasive Pancreatic Resection concluded that there is
insufficient data to recommend MIS PD over open PD. [12]
The win ratio, which was originally applied to cardiovas-
cular clinical trials, is a novel composite outcome calculated
by considering all potential pairs of patients undergoing two
different treatments in a given data set [13]. Patients in each
pair are compared based on hierarchically ordered compo-
nent outcomes. Patient pairs are compared based on the first
outcome, and if either patient fares better than the other,
that pair is considered a “win” for the respective treatment.
If neither patient fares better on the first outcome, then the
patient pair is considered a tie and is then compared based
on the second outcome and so forth. The win ratio is calcu-
lated as the total number of wins for the treatment of interest
divided by the total number of losses [14]. Therefore, the
win ratio accounts for both the proportion of the patients
who achieve each component outcome and also the order
of relative importance of the selected outcomes. Addition-
ally, the win ratio can include information on both short-
and long-term outcomes following surgery and allows for
an overall comparison of MIS and open PD for pancreatic
cancer. The objective of the current study was to compare
MIS and open PD for pancreatic cancer resection in terms
of short-term, long-term, and oncologic outcomes using the
win ratio. In addition, we sought to stratify patients based on
demographic and clinical characteristics to identify which
patients may benefit most from MIS versus open PD.

Methods
Patient Population

Patients diagnosed with pancreatic adenocarcinoma were
identified from the National Cancer Database (NCDB)
using the relevant International Classification of Diseases
for Oncology, third edition (ICD-O-3) histology codes (Sup-
plemental Table 1). The NCDB 2017 PUF was utilized to
identify patients who underwent PD as surgical treatment of
their primary tumor between 2010 and 2016 with the cor-
responding values for the Surgical Procedure of Primary Site
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NCDB variable (i.e., 35, 36, 37, 70); this ensured that every
patient had at least 1 year of follow-up. NCDB is a nation-
wide clinical oncology database containing deidentified
hospital registry data from more than 1500 Commission on
Cancer (CoC)-accredited facilities. Data on approximately
70% of all newly diagnosed cancers in the USA are captured
at the institutional level and reported to the NCDB, adding to
the more than 34 million historical records [15]. In the cur-
rent study, patients with metastatic disease were excluded.
Additionally, patients for whom information on mortality,
resection margins, and length of stay (LOS) was not avail-
able were also excluded.

Variables, Definitions, and Outcomes

Patients were split into two separate cohorts based on
whether the patient underwent MIS (i.e., laparoscopic or
robotic) or open PD. Other variables of interest included
patient age, sex, race, and Charlson-Deyo comorbidity
score. The Charlson-Deyo comorbidity score (CDCC) is a
weighted score that predicts 1-year mortality following hos-
pitalization for patients with specific comorbid conditions
[16, 17]. Additionally, information on tumor size, American
Joint Committee on Cancer (AJCC) stage, and receipt of
neoadjuvant therapy was obtained. Receipt of neoadjuvant
therapy was defined as receipt of any chemotherapy or radio-
therapy prior to surgical resection.

The main outcome of interest was the win ratio, a com-
posite outcome used to compare two alternative treatment
or management options [13, 14]. In order to calculate the
win ratio, each patient from one treatment group was paired
with each patient from the other treatment group, after which
the two patients were compared based on each component
outcome, starting from the first in hierarchical order. If the
patient receiving the treatment of interest had a better out-
come, it was considered a “win”; if the patient receiving the
alternative treatment had a better outcome, it was considered
a “loss.” Otherwise, it is considered a “tie,” and the two
patients were compared based on the next component out-
come. The win ratio was then calculated by dividing the total
number of wins by the total number of losses (Fig. 1). As
such, the win ratio not only accounted for the achievement
of each of its component outcomes but also for their rela-
tive priority. Additionally, the win ratio was not restricted to
component outcomes of a single variable type, but included
time-to-event, continuous, and/or categorical outcomes [18,
19]. A more thorough explanation of the win ratio approach
is provided by Redfors et al. [13]

Component outcomes included in the win ratio calcu-
lation were, in hierarchical order, 30-day mortality, 3-year
mortality, receipt of adjuvant therapy, negative surgical
margins, examination of < 11 lymph nodes, extended LOS,
and readmission at 30 days following surgery. Receipt of
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Fig. 1 At the top, the overall process for calculating the win ratio is
illustrated. Patients who underwent minimally invasive versus open
surgery were matched based on the variables shown on the left. Then,
they were compared based on the component outcomes to obtain the

adjuvant therapy was defined as receipt of any radiotherapy
or chemotherapy after surgical resection of the primary
tumor. A cutoff of 11 examined lymph nodes was used as the
threshold as it was the minimum number of lymph nodes to
provide optimal staging according to the most recent NCCN
guidelines [20, 21]. An extended LOS was defined as LOS
exceeding the 75" percentile, as previously reported [22].
Of note, not all unmatched patient-patient pairs were con-
sidered when calculating the win ratio. Instead, only pairs in
which the two patients were matched based on age, sex, race,
CDCC, tumor size, and receipt of neoadjuvant therapy were
included. For continuous variables, members of a pair were
not allowed to differ by more than one standard deviation.
For categorical variables, members of a pair were required
to have the same value. Thus, the matching process avoided
comparisons between patients in a pair with drastically dif-
ferent underlying risk profiles.

Statistical Analysis
Descriptive statistics were presented as median (interquar-

tile range, IQR) for continuous variables and frequency
(relative frequency, %) for categorical variables. Bivariate

Open

Wins

Minimally invasive

overall number of wins and losses. Lastly, the win ratio was calcu-
lated by dividing the total number of wins by the total number of
losses, as shown on the right. At the bottom, a bar chart shows the
relative number of wins for minimally invasive and open surgery

associations between surgical approach (open or MIS PD)
and patient characteristics or postoperative outcomes were
assessed using Kruskal-Wallis one-way analysis of variance
for continuous variables and Chi-square tests for categori-
cal variables. All analyses were performed using SAS v9.4.
Statistical significance was assessed at «=0.05.

Results
Patient Characteristics

Among 18,936 patients diagnosed with pancreatic adenocar-
cinoma who underwent PD between 2010 and 2016, median
age was 67 (IQR: 60-74) and slightly more than one-half
of the cohort was male (n=9786, 51.7%) (Table 1). The
overwhelming majority of patients were White (n=15,441,
81.5%), with only a minority of patients being Black
(n=1852, 9.8%) or not identifying themselves as either
White or Black (n=1643, 8.7%). Most patients had rela-
tively few preoperative comorbidities, with more than 9 in
10 patients having a CDCC of either 0 (n=11,732, 62.0%)
or 1 (n=5340, 28.2%) and only approximately 1 in 10
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Table 1 Patient demographic

.. > Overall Open surgery MIS P value
and clinical characteristics by n=18,936 n=16,409 (86.7%) n=2527 (13.3%)
treatment group (open surgery
or minimally invasive surgery, Preoperative characteristics
MIS) Age, median (IQR) 67 (60-74) 67 (60-74) 67 (60-74) 0.11
Male sex, n (%) 9786 (51.7) 8507 (51.8) 1279 (50.6) 0.25
Race, n (%) 0.02
White 15,441 (81.5) 13,333 (81.3) 2108 (83.4)
Black 1852 (9.8) 1640 (10.0) 212 (8.4)
Other 1643 (8.7) 1436 (8.8) 207 (8.2)
CDCC total best, n (%) 0.58
0 11,732 (62.0) 10,150 (61.9) 1582 (62.6)
1 5340 (28.2) 4653 (28.4) 687 (27.2)
2 1302 (6.9) 1118 (6.8) 184 (7.3)
3 562 (3.0) 488 (3.0) 74 (2.9)
Tumor size <2 cm, n (%) 3056 (16.1) 2646 (16.1) 410 (16.2) 0.90
AJCC stage, n (%) 0.008
1 1947 (10.3) 1671 (10.2) 276 (10.9)
1T 16,530 (87.3) 14,319 (87.3) 2211 (87.5)
1 459 (2.4) 419 (2.6) 40 (1.6)
Neoadjuvant therapy, n (%) 3704 (19.6) 3177 (19.4) 527 (20.9) 0.08

MIS minimally invasive surgery, CDCC Charlson-Deyo comorbidity score

patients having a CDCC of either 2 (n=1302, 6.9%) or 3
(n=562, 3.0%). The vast majority of patients had a can-
cer larger than 2 cm in size (n=15,880, 83.9%). Patients
presented most frequently with stage II disease (n=16,530,
87.3%), followed by stage I (n=1947, 10.3%) and stage 111
disease (n=459, 2.4%). Only about 1 in 5 patients received
neoadjuvant therapy prior to resection (n=3704, 19.6%).
The majority of patients underwent open surgery for
resection of their primary tumor (n=16,409, 86.7%), while
the remaining subset underwent MIS PD (n=2527, 13.3%)
(Table 1). There were no major differences in age or sex
between the two groups (median age, 67 years vs 67 years
and male sex, 51.8% vs 50.6%, for open and MIS PD,
respectively) (both p > 0.05). However, patients who under-
went open PD were more often Black (10.0% vs 8.4%) or

more often self-identified as neither White nor Black (8.8%
vs 8.2%) compared with patients who underwent MIS PD
(p=0.02). Additionally, patients who underwent open resec-
tion presented more often with disease at a later stage (stage
I, 2.6% vs 1.6%) versus patients who underwent MIS PD
(»=0.008).

Component Outcomes

Table 2 lists the component outcomes in the order in which
each was factored into the win ratio calculation. Only 3.1%
of patients (n=1583) died within 30 days of resection; how-
ever, two-thirds of patients (n=12,034, 63.6%) eventu-
ally died within 3 years of surgery. In terms of oncologic
outcomes, more than 3 in 4 patients had negative surgical

Table2 Component outcomes
included in the win ratio, by
treatment group (open surgery

or minimally invasive surgery,
MIS)

Overall Open surgery MIS P value

n=18,936 n=16,409 (86.7%) n=2527 (13.3%)
Postoperative outcomes
No mortality—30 days, n (%) 18,353 (96.9) 15,886 (96.8) 2467 (97.6) 0.028
No mortality—3 years, n (%) 6902 (36.4) 5895 (35.9) 1007 (39.8) <0.001
Adjuvant therapy, n (%) 11,508 (60.8) 9919 (60.4) 1589 (62.9) 0.02
RO margins, n (%) 14,662 (77.4) 12,646 (77.1) 2016 (79.8) 0.002
Lymph nodes examined> 11, n (%) 14,825 (78.3) 12,754 (77.7) 2071 (82.0) <0.001
No extended length of stay, n (%) 13,849 (73.1) 11,883 (72.4) 1966 (77.8) <0.001
No readmission—30 days, n (%) 17,025 (89.9) 14,733 (89.8) 2292 (90.7) 0.16

MIS minimally invasive surgery, RO microscopically negative margins
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margins (n= 14,662, 77.4%) or had at least 11 lymph nodes
examined at the time of surgery (n= 14,825, 78.3%).
Approximately 6 in 10 patients received adjuvant therapy
following resection (n=11,508, 60.8%). Additionally, 26.9%
of patients (n=5087) had a prolonged LOS during the index
hospitalization, while 1 in 10 patients (n=1911, 10.1%) had
at least one readmission within 30 days of surgery.

Of note, patients who underwent MIS PD had lower
mortality at 30 days (2.4% vs 3.2%; p=0.028) and 3 years
(60.2% vs 64.1%; p <0.001) following resection compared
with patients who underwent open surgery. Additionally,
patients who had MIS PD more often had negative surgi-
cal margins (79.8% vs 77.1%), had at least 11 lymph nodes
examined (82.0% vs 77.7%), and received adjuvant therapy
(62.9% vs 60.4%) versus patients who had open surgery (all
p <0.05). Patients who had MIS PD were also less likely to
have an extended LOS than patients who had open resection
(22.2% vs 27.6%; p <0.001).

Win Ratio

The process for calculating the win ratio in the overall
patient population is illustrated in Fig. 2. The overall win
ratio was 1.14 (95% CI 1.13-1.15), which means that for
every matched patient-patient pair, the odds of the patient
undergoing MIS PD “winning” were 1.14. In effect, the
probability that a patient undergoing MIS PD ended up
“winning” was 1.14/(1+1.14) =53.3%. Notably, the
win ratio was also calculated for relevant subsets of the

population (Table 3). In particular, the win ratio favored
MIS PD regardless of age group (age <65, WR 1.18, 95%
CI 1.15-1.20; age > 65, WR 1.11,95% CI 1.10-1.13) or sex
(female 1.10, 95% CI 1.08-1.11; male, WR 1.17, 95% CI
1.16-1.19). While the win ratio favored MIS PD regard-
less of race, the benefits of MIS PD appeared to be most
pronounced among non-White patients (White, WR 1.13,
95% CI 1.12-1.14; Black, WR 1.34, 95% CI 1.23-1.46;
Other, WR 1.30, 95% CI 1.18-1.42). Additionally, the win
ratio increased stepwise with increasing CDCC, suggest-
ing that patients with more preoperative comorbidities may
benefit more from MIS PD than patients with few preopera-
tive comorbidities (CDCC=0, WR 1.12,95% CI 1.11-1.13;
CDCC=1, WR 1.22,95% CI 1.19-1.25; CDCC =2, WR
1.25, 95% CI 1.14-1.37; CDCC =3, WR 1.38, 95% CI
1.08-1.81). The benefits of MIS PD also appeared to be
most pronounced among patients with a tumor <2 cm in
size (WR 1.21, 95% CI 1.13-1.30 vs WR 1.13, 95% CI
1.12-1.14 if tumor size >2 cm), as well as among patients
who received neoadjuvant therapy prior to resection (WR
1.28,95% CI 1.23-1.32 versus WR 1.13,95% CI 1.11-1.14
if no neoadjuvant therapy).

Discussion

While gaining in popularity, MIS PD remains controversial
due to the paucity of long-term data on oncologic outcomes
and the absence of randomized controlled trials comparing

No
No No . . > 11 Lymph No
Mortality Mortality AT(:S;‘;am ROSI::?:;gm Nodes IE‘, ’;lte:ll?_ f;}_ Readmission
30 Days 3 Years WR. 1 1p3y WR: 1.13 Examined Sg 30 Days
WR: 149 WR: 1.14 (112 -1.14) (11 -1.14) WR: 1.14 tay WR: 1,14
(143 - 1.55) (1.13 - 1.15) : : : : (1.12-1.15) WR:1.14 (1.13 - 1.15)
(113~ 1.15)
Sunla tige 57,186 487,037 692,881 793,717 856,366 901,227 914,736
‘Wins
Wins Wins Wins Wins Wins Wins Wins
57,186 429,851 205,844 100,836 62,649 44,861 13,509
Matched Ties / Ties | Ties Ties Ties |/ Ties |/ Ties
pairs 1,760,735 941,946 549 424 357,460 245877 162,245 136,421
1,856,384
Losses Losses Losses Losses Losses Losses Losses
38,463 388,938 186,678 91,128 48,934 38,771 12,315

Cual;lsitsivei 38,463 i 427,401 ; 614,079 i 705,207 ; 754,141 i 792,912 i 805,227 :

Fig. 2 Illustration of the step-by-step process for calculating the win
ratio. The number of wins, losses, and ties relative to each component
outcome is shown inside the boxes in the middle of the figure. On
each side of these boxes, the number of cumulative wins and losses

up to that point is recorded. The number of cumulative wins and
losses is then used to calculate the win ratio, as seen at the top of the
figure
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Table 3 Win ratio in the overall population, as well as stratified by
relevant demographic and clinical characteristics

Group Win ratio 95% CI
Overall population 1.14 1.13-1.15
Age

<65 1.18 1.15-1.20
>65 1.11 1.10-1.13
Sex

Male 1.17 1.16-1.19
Female 1.10 1.08-1.11
Race, n (%)

White 1.13 1.12-1.14
Black 1.34 1.23-1.46
Other 1.30 1.18-1.42
CDCC total best

0 1.12 1.11-1.13
1 1.22 1.19-1.25
2 1.25 1.14-1.37
3 1.38 1.08-1.81
Tumor size

<2cm 1.21 1.13-1.30
>2cm 1.13 1.12-1.14
Neoadjuvant therapy, n (%)

No 1.13 1.11-1.14
Yes 1.28 1.23-1.32

CDCC Charlson-Deyo comorbidity score

MIS versus open PD. There have been several RCTs com-
paring laparoscopic versus open PD [7-10]. The PADU-
LAP trial, a single-center RCT, demonstrated shorter hos-
pital stay (LOS), longer operative time, and a reduction in
major complications (Clavien-Dindo > 3) with laparoscopic
PD versus open PD yet no difference in pancreatic-specific
complications, number of lymph nodes retrieved, or resec-
tion margin status [7]. The PLOT trial, a single-center RCT,
similarly reported shorter LOS and longer operative time
for laparoscopic PD, with increased blood loss in the open
group and no difference in overall complications, number of
lymph nodes retrieved, resection margins, or risk of delayed
gastric emptying, pancreatic fistula, or post-pancreatectomy
hemorrhage [8]. In contrast, the multicenter LEOPARD-2
RCT was stopped early due to a difference in 90-day com-
plication-related mortality favoring the open PD group and
also an increased LOS in the laparoscopic PD group [9].
Given these disparate results, the current study was impor-
tant because we utilized a novel methodological approach
called the win ratio—a means to compare hierarchical out-
comes into a composite metric—to define the benefits of
MIS versus open PD for pancreatic cancer. Of note, among
any given pair of matched patients, individuals who under-
went MIS PD had 14% increased odds of “winning” versus
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patients who had an open PD. Interestingly, the benefit of
PD “winning” persisted even after accounting for 30-day
mortality, receipt of adjuvant therapy, margin status, num-
ber of lymph nodes evaluated, extended hospital LOS and
30-day readmission, and 3-year mortality. Furthermore, the
MIS PD approach won out over the open approach among
patients regardless of age, sex, race, CDCC, tumor size, or
receipt of neoadjuvant chemotherapy.

A recent systematic review and meta-analysis that incor-
porated data from previous MIS versus open PD trials
reported no difference in most primary (90-day mortality,
Clavien-Dindo complications, LOS) or secondary (postop-
erative pancreatic fistula, delayed gastric emptying, post-
pancreatectomy hemorrhage, bile leak, reoperation, read-
mission, and oncologic outcomes including RO-resection,
lymph nodes harvested) outcomes [23]. Operative time was,
however, longer, and blood loss was higher among patients
undergoing laparoscopic PD. In a more recent multicenter
RCT including high volume PD centers, Wang et al. reported
shorter LOS among patients who underwent laparoscopic
PD; however 90-day mortality, serious postoperative mor-
bidity (Clavien-Dindo > 3), and the comprehensive compli-
cation index score were similar to patients who underwent
open PD [10]. Although several cohort studies have reported
outcomes following robotic PD, there are currently no RCTs
comparing robotic and open PD [24-26]. Data from other
systematic reviews had demonstrated similar outcomes fol-
lowing MIS versus open PD [27, 28]. Rather than aggre-
gating previously published data into a systemic analysis,
we sought to use a novel approach based on a composite
endpoint to investigate the relative benefits of MIS versus
open PD. The use of a composite metrics allows for a more
holistic assessment of the therapeutic benefit of any given
therapy, rather than assessing individual elements of quality.
While increasingly embraced, the use of “simple” composite
primary endpoints can, however, be problematic. Specifi-
cally, the conventional practice of analyzing component ele-
ments of any composite outcome as equally contributing to
a “win” can be misleading. “Less” serious events such as
extended LOS can dominate and be “counted” as equiva-
lent as other “more serious” events such as morbidity and
mortality. In particular, the use of such composite metrics
as textbook outcome may allow “lesser” events to dominate
when more “serious” events should be weighted more. By
using the win ratio, we were able to utilize this new approach
to analyze composite endpoints with varying severity and to
account for the relative priority of the different components
[14, 18, 19, 29, 30]. In this way, component outcomes were
weighted and assessed in an incremental hierarchical manner
to arrive at a “win” (Figs. 1 and 2). This novel approach rep-
resented an improvement in how to assess postoperative out-
comes relative to composite quality metrics compared with
other tools such as optimal or textbook outcome. [31-33]
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Of note, patients who underwent MIS PD had higher odds
of “winning” versus patients who underwent an open resec-
tion independent of age, sex, race, Charlson Deyo score,
tumor size or receipt of neoadjuvant chemotherapy. Interest-
ingly, although the win ratio favored patients regardless of
race, the benefits did appear to be more pronounced among
non-White patients. The win ratio also increased incremen-
tally with increasing CDCC. Specifically, the data suggested
that patients with a higher number of comorbidities bene-
fited more from MIS PD than individuals with fewer comor-
bidities. Furthermore, the benefits of MIS PD appeared to
be most pronounced among patients with a tumor <2 cm in
size and among patients who received neoadjuvant therapy.
Patients with smaller tumors may facilitate a less technically
challenging MIS operation. Furthermore, given that neoad-
juvant therapy is more commonly administered at high-vol-
ume centers, the improved results among patients undergo-
ing MIS PD may have been a surrogate for a volume-center
effect. In particular, selection criteria for MIS PD remain
not well defined, yet have expanded at high-volume cent-
ers to include some patients with borderline resectable or
locally advanced tumors requiring vascular resection and
reconstruction. [26, 34-39]

There are several limitations that should be considered
when interpreting results of the current study. Given that
patients were treated at a variety centers across the USA,
there was likely heterogeneity relative to patient selection
for MIS versus open PD. The use of a large, national data-
base did allow, however, for a population-based comparison
of MIS versus open PD across a wide range of institutions
and providers. In order to calculate the win ratio, patients
were matched based on age, sex, race, CDCC, tumor size,
and receipt of neoadjuvant therapy. Despite this matching
process, residual selection bias may have persisted as some
confounders may have been unknown and therefore could
not be accounted for in the analysis. Additionally, the NCDB
did not contain data on pancreas-specific post-PD complica-
tions such as delayed gastric emptying, post-pancreatectomy
hemorrhage, or postoperative pancreatic fistula. Therefore,
results from the current study should be validated in other
databases (i.e., NSQIP, Medicare, institutional series). Addi-
tionally, center volume is not included in the NCDB; as such,
center volume could not be controlled for in the WR analy-
ses. In turn, center volume may have impacted difference
in outcomes among patients independent of the MIS versus
open PD approach.

In conclusion, using a novel statistical approach, the win
ratio was used to assess a range of outcomes (e.g., 30-day
mortality, 3-year mortality, receipt of adjuvant therapy,
margin status, number of lymph nodes retrieved, extended
hospital LOS and 30-day readmission) in a hierarchical man-
ner to arrive at a win versus loss for patients undergoing
PD. Unlike conventional methods for comparing composite

endpoints, the hierarchical win ratio approach accounted
for the differing clinical'importance of individual endpoint
components. Of note, the win ratio demonstrated an over-
all head-to-head benefit of MIS versus open PD for pan-
creatic cancer, with MIS PD being associated with a 14%
increased odds of winning independent of patient age, sex,
race, CDCC, tumor size or receipt of neoadjuvant therapy.
Data from the current study, as well as prospective trials,
suggest that MIS PD could increasingly be considered in the
surgical approach for patients with pancreas cancer.
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