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Abstract

Background and objectives: Neoadjuvant chemotherapy (NAT) for pancreatic
adenocarcinoma (PDAC) is increasingly being utilized. However, a significant number of patients
will experience early recurrence, possibly negating the benefit of surgery. We aimed to identify
factors implicated in early disease recurrence.

Methods: A retrospective review of pancreaticoduodenectomies performed between 2005-2017
at our institution for PDAC following NAT was performed. A 6-month cut-off was used to
stratify patients into early/late recurrence groups. Multivariate analysis was performed to identify
predictors of recurrence.

Results: Of 273 patients, 64 (23%) developed early recurrence or died within 90-days of surgery.
The median time to recurrence was 4 months (95% CI 2.2-4.3) in the early group vs 16 months
(95% CI 13.7-19.9) in the late group. The former had higher baseline and post-NAT Ca19-9
levels than the latter (472 vs 153 IU/ml, p=0.001 and 71 vs 39 1U/ml, p=0.005, respectively). A
higher positive lymph node ratio significantly increased the risk of early recurrence (hazard ratio
(HR):15.9, p<0.001) while adjuvant chemotherapy was protective (HR:0.4, p<0.001).

Corresponding author: Alessandro Paniccia, MD, Assistant Professor of Surgery, Division of GI Surgical Oncology, University
of Pittsburgh Medical Center, 497 Scaife Hall, 3550 Terrace Street, Pittsburgh, PA, 15261, panicciaa2@upmc.edu, Office: (888)
847-8836, Fax: 412-578-9487.

These authors share the first author role

Disclosures: none, financial or otherwise



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Narayanan et al. Page 2

Conclusions: Our findings acknowledge the limitations of clinically measured factors used to
ascertain response to NAT and underline the need for individualized molecular markers that take
into consideration the specific tumor biology.
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INTRODUCTION

Despite advances in multimodal therapy, pancreatic ductal adenocarcinoma (PDAC) remains
an aggressive disease with a 5-year overall survival (OS) rate approaching 10% [1,2].
Upfront surgical resection followed by adjuvant chemotherapy has long been the standard

of care for patients with localized PDAC; recent clinical trials have demonstrated significant
improvement in OS rates with adjuvant treatment following curative-intent surgical resection
[3-5]. However, a significant proportion of patients are unable to initiate/complete adjuvant
therapy either due to a decline in performance status, postoperative complications, or
evidence of early disease recurrence [6,7].

In contrast to adjuvant chemotherapy, neoadjuvant chemotherapy (NAT) not only guarantees
delivery of systemic therapy, but also increases the probability of RO resection and decreases
the incidence of lymph node metastatic disease [8-11]. Similarly, NAT offers several key
theoretical advantages, including early treatment of occult micro-metastatic disease, /n vivo
assessment of tumor response, and proper patient selection based on appropriate tumor
biology [12,13]. Currently, both the American Society of Clinical Oncology (ASCO) [14]
and the National Comprehensive Cancer Network (NCCN) guidelines [15] endorse NAT for
borderline resectable (BR) disease and support the use of either upfront resection or NAT for
resectable (R) PDAC.

In a significant proportion of patients with R and BR PDAC following NAT and curative-
intent resection, early recurrence is often encountered, possibly obviating the benefit of
surgical therapy. The primary aim of this work was to determine the factors associated with
an increased risk of early recurrence for this subcategory of patients. The secondary aim was
to discern whether a difference in the patterns of recurrence or complications exist between
patients who experience early recurrence following surgical therapy as opposed to the group
who experience a delayed recurrence.

MATERIALS AND METHODS

Patient population and data collection

A retrospective review of a prospectively maintained database was performed following
approval from the Institutional Review Board at the University of Pittsburgh (STUDY
#19020338). Included patients had R and BR PDAC, as per NCCN guidelines, and

were treated with NAT followed by curative-intent surgical resection at the University of
Pittsburgh Medical Center between 2005-2017 using selection criteria described previously
[16]. Patients with metastatic disease and non-pancreaticoduodenectomy resections were
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excluded. Stratification was then performed based on the timing of recurrence into the early
(within 6 months following surgery [17]) and late (>6 months) recurrence groups. It is our
practice to obtain surveillance imaging within 6-months from the day of surgery, therefore
the choice of this temporal cut-off ensured that nearly all patients included in this series
had at least one postoperative surveillance imaging within the first postoperative semester,
making it a reliable time point.

Demographics, pathologic variables, and clinical outcomes for the study cohort were
obtained through review of the institutional electronic medical record system. The
performance status of the study cohort was determined by the Charlson Comorbidity Index
(CCI) [18] and the American Society of Anesthesiology (ASA) classification. The stage

at diagnosis and resectability status were determined utilizing both computed tomography
(CT) scans and endoscopic ultrasound (EUS). Values for carcinoembryonic antigen 19-9
(Cal9-9) levels that were associated with a normal total bilirubin level (<2mg/dl) were
collected at the time of diagnosis and post-completion of NAT. Pathologic variables retrieved
included treatment response (stratified into none/poor, mild-to-moderate and near-complete/
complete response), grade of differentiation, lymphovascular invasion, perineural invasion,
and AJCC 8t edition pathologic stage [19] margins <1 mm were classified as positive
residual margins. The positive lymph node ratio-which corresponds to the number of
positive lymph nodes divided by the total number of lymph nodes harvested-was calculated
and compared between the two study groups.

Postoperative complications were assessed utilizing the Clavien-Dindo score for surgical
complications [20] and tabulated up to one year after the index operation, with the exception
of pancreatic leak, bile leak, and surgical site infections, which were defined per the
timelines set by the International Study Group of Pancreatic Fistula [21], International
Study Group of Liver Surgery [22], and Centers for Disease Control and Prevention [23],
respectively. Recurrence was diagnosed on routine surveillance cross-sectional imaging and
classified as local, single distant-organ, multiple distant organs, or frank carcinomatosis and
only occasionally was recurrence confirmed by histopathology. The last recorded visit at our
institution was used as the date of last follow-up.

Study endpoints

The primary endpoint was to identify predictors of early disease recurrence following NAT
and pancreaticoduodenectomy. Secondary aims were to delineate the patterns of recurrence,
complications, overall survival (OS, defined from the time of surgery to the date of death

or last recorded follow-up), and recurrence-free survival (RFS; defined from the time of
surgery to the time of first identified recurrence) between the two study groups.

Statistical analysis

Descriptive statistics were used to summarize baseline patient characteristics and clinico-
pathologic variables; continuous variables are presented using median and interquartile
range (IQR), while categorical variables are presented as raw numbers with corresponding
percentages. Differences between categorical variables were analyzed using either Chi-
square or Fisher’s exact test. Differences between continuous variables that were normally
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distributed were analyzed using two-tailed Student’s t-test, while the Wilcoxon rank-sum
test was used for continuous variables that were not normally distributed. To accurately
discerns differences between the study groups, a time to “event” analysis was used where
event was defined as either recurrence, death, or last follow-up (censored observations).

Survival was characterized using Kaplan-Meier estimates and log-rank tests. A multivariable
Cox-proportional hazard regression model was used to identify independent predictors of
early recurrence/death following NAT and curative-intent surgical resection. All clinico-
pathological factors that were examined in univariate analysis with p<0.2 were considered
for entry into multivariate modeling and were selected for the final multivariate model based
on a backward stepwise selection method. Variables included in these models were ASA
class, size of tumor at diagnosis on CT scan, vascular involvement, pathologic treatment
response, adjuvant treatment receipt, positive lymph node to total lymph nodes harvested
ratio, 90-day readmission, and complications. All inferential testing was conducted using
the entire cohort except when building models that involved Cal9-9 as an independent
variable. Cases without a validated Ca19-9 value-due to non-secretor status (<37U/ml)-were
excluded. The time to “event” in the early cohort included either death or documented
recurrence within 6 months of resection. Sensitivity analysis was performed after excluding
90-day mortality (patients who died without definitive evidence of recurrence) to accurately
discern significant predictors for early recurrence and compare the RFS and OS across

the two groups. All statistical tests were two-sided with an a (type I) error of 0.05 and
performed using STATA 13 (StataCorp LP, College Station, TX, USA).

Study population and preoperative variables

A total of 273 patients with R and BR PDAC who received NAT followed by surgical
resection were included, of which 64 (23%) patients experienced recurrence or death within
6 months of surgery. The median age at diagnosis was 65 years and 137 (50%) were

females (Table 1). There were no significant differences in the baseline demographic and
preoperative variables between the two groups. BR lesions were predominant in both cohorts
at the time of diagnosis as indicated by a variable degree of abutment/involvement of the
portal venous-superior mesenteric vein confluence in 155 (57%) patients. However, the early
recurrence cohort had a significantly larger median tumor size on the pre-NAT CT scan

than the late recurrence group (3.1 vs 2.8 cm, p=0.002). Similarly, the median CA19-9
levels both pre-and post-completion of NAT were significantly higher in the early recurrence
group (472 vs 153 1U/ml, p=0.001 and 71 vs 39, p=0.005) (Table 1). Gemcitabine-based
therapy was the predominant systemic therapy utilized in the neoadjuvant setting for both
cohorts (73% vs 79%, p=0.531). There were no significant differences in the number of NAT
cycles administered and receipt of neoadjuvant radiation therapy (p=0.719 and p=0.201,
respectively).

Surgical variables and histopathology

Open pancreaticoduodenectomy was the predominant surgical approach performed in 168
(62%) patients, while robotic pancreaticoduodenectomy was performed in 105 (39%)
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patients (Table 2). Patients in the early recurrence group were found to have a significantly
higher median intraoperative blood loss than the late recurrence group (400 ml vs 300

ml, p=0.007). On histopathology, there were no significant difference in the T stage, N
stage, lymph node ratio (LNR), residual positive margins, or pathologic response to NAT.
However, the early recurrence group was characterized by a significantly higher incidence of
lymphovascular invasion than patients with late recurrence (81% vs 67%, p=0.032).

Postoperative outcomes and recurrence patterns

Since 90-day mortality was included within the early recurrence group, it is not surprising
that we found a significantly higher incidence of major complications as defined by a
Clavien-Dindo score of >2 in the early recurrence group (42% vs 22%, p=0.001) (Table
2). However, direct comparison of all recorded complications between the two study arms
(Supplementary Table 1) yielded no differences except in the incidence of anastomotic
strictures, which were significantly more frequent in the early recurrence cohort (8% vs
1%, p=0.009). A total of seven patients developed benign anastomotic strictures: three at
the gastrojejunostomy, three at the hepaticojejunostomy, and one at both anastomoses; no
strictures developed at the pancreaticojejunostomy.

A total of 201 (76%) patients received adjuvant chemotherapy within a median of 64 days
from surgery. Patients in the early recurrence groups were less likely to receive adjuvant
chemotherapy than the late recurrence group (51% vs 83%, p<0.001); in patients who did
receive adjuvant chemotherapy, the median number of cycles was significantly lower in the
early recurrence compared to the late recurrence group (3 vs 5, p<0.001). The predominant
regimen in patients who received adjuvant treatment was gemcitabine-based in both study
groups (74% vs 85%, p=0.239).

The median duration of follow-up for the overall study cohort was 69 months (95%
confidence interval (Cl) 54.8-75.9). Of note, after excluding patients who died within 90-
days from surgery and for whom no definitive evidence of recurrence was identified (n=10),
a total of 189 out of 263 patients (72%) experienced a recurrence during this time. Among
this cohort, the overall early-recurrence rate was 20% (54 of 263); while the remaining

145 patients (55%) recurred greater than six months from surgery. Early recurrence most
commonly developed simultaneously at multiple distant sites when compared to late
recurrence (35 vs 17%, p=0.004). On the other hand, patients in the late recurrence group
were more likely to develop local recurrence (39 vs 16%, p=0.004) and carcinomatosis (34
Vs 6%, p=0.004) compared to the early recurrence group. When we categorized recurrence
patterns by site of recurrence (Figure 1), both lung and local recurrence developed
predominately in the late recurrence group, while liver recurrence developed predominately
in the early recurrence group.

Survival outcomes and predictors of recurrence

To accurately assess survival outcomes and identify predictors of recurrence, sensitivity
analysis was performed following exclusion of 90-day mortality (n=10). The median OS
and RFS for the whole study cohort from the time of diagnosis was 29.0 months (95%

Cl 25.7-34.6) and 17.1 months (95% CI 15.4-19.5), respectively. As illustrated in Figure
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2A, the median OS for the late recurrence group was significantly higher than the early
recurrence group (38.1 months (95% CI 31.1-44.6) vs 14.2 months (95% CI 10.9-15.4),
p<0.0001).

The median time to recurrence for the early recurrence group was 3.7 months (95% CI 3.2—
4.3) while it was 16.3 months (95% CI 13.7-19.9) for the late recurrence group. Expectedly,
the median RFS from the time of diagnosis for the early recurrence group was significantly

lower than the late recurrence group (8.2 months (95% CI 7.8-8.7) vs 20.4 months (95% ClI
18.5-23.9), p<0.0001) (Figure 2B).

On Cox-proportional hazard regression, designed to identify predictors of early recurrence
(Table 3), indicated that an increased ratio of positive lymph nodes to total harvested lymph
nodes conferred a 16-fold increase in the risk of early recurrence (Hazard ratio (HR):

15.9, 95% CI 3.8-66.2, p<0.001) which represented the strongest overall predictor of early
recurrence. Furthermore, readmission within 90 days (HR: 1.9, 95% CI 1.1-3.3, p=0.030)
and anastomotic stricture (HR:6.0, 95% CI 1.8-20.3, p=.004) were also found to increase
the risk of early recurrence, while adjuvant chemotherapy was protective (HR: 0.4, 95% ClI
.2-0.7, p=0.001). Tumor size measured by pre-NAT CT scan and ASA had no influence on
the timing of recurrence.

DISCUSSION

In this retrospective review of patients with R and BR PDAC who received NAT followed
by pancreaticoduodenectomy at a high-volume pancreaticobiliary center, we demonstrate
that approximately 23% will experience rapid disease progression or succumb to early
postoperative complications despite receipt of NAT. The median time to recurrence for the
early recurrence group following pancreaticoduodenectomy was 3.7 months. The strongest
predictor of early disease recurrence was an increase in the positive lymph node ratio; in
contrast, administration of adjuvant chemotherapy was protective against early recurrence.

In a meta-analysis of prospective randomized controlled trials comparing NAT to surgery-
first approach for R and BR PDAC by Cloyd et al [8], the authors demonstrated
approximately a 30% improvement in the OS for the NAT group as opposed to the
surgery-first group on an intent-to-treat basis. This effect was independent of the NAT
protocol or the resectability status of PDAC (R vs BR). Furthermore, NAT increased

the likelihood of margin-negative resection (Risk Ratio (RR):1.51, 95% CI 1.18-1.93)

and lymph node negative disease (RR:1.51, 95% CI 1.18-1.93). In congruence to the
aforementioned findings, the benefit of NAT over a surgery-first approach for potentially
resectable PDAC has also been demonstrated in meta-analyses and systematic reviews of
retrospective and non-randomized prospective studies [24-27], propensity-matched analysis
from a national cancer database [28] and Markov decision models [29]. Yet, the utilization
of NAT for the treatment of potentially resectable PDAC has not gained widespread
popularity across the United States, potentially owing to the lack of prospective level |
evidence [30]. Nevertheless, and due to mounting evidence supporting the use of NAT over
a surgery-first approach, we aimed to analyze whether NAT followed by curative-intent
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pancreaticoduodenectomy influences the timing and/or patterns of disease recurrence in
patients with R and BR PDAC.

In a secondary analysis of the European Study Group for Pancreatic Cancer (ESPAC)-4
randomized clinical trial [5], the patterns of recurrence in patients who received adjuvant
gemcitabine or combination gemcitabine and capecitabine were evaluated [30]. The authors
found that recurrence developed in 479 (66%) of 730 patients over a median follow-up of
43 months. The median time to recurrence was 12.7 months (95% CI 11.9-13.5); local
recurrence occurred in a median of 13.6 months (95% CI 12.6-14.1) while distant-organ
metastasis-predominantly diagnosed in the liver-developed after a median of 11.3 months
(95% CI 10.4-12.6). In our study, the median RFS was 12.8 months (95% CI 10.6-14.0),
similar to the results from ESPAC-4 [5,32]. Given that the median time to recurrence was
comparable between our cohort and that of ESPAC-4, it appears that NAT affects neither
the patterns nor the timing of recurrence. Furthermore, we found that the predominant site
of early recurrence was the liver (Figure 1), while local recurrence and lung metastases
developed after an extended median RFS. These findings corroborate with the findings of
the ESPAC-4 secondary analysis [30] as well as previous retrospective studies from our [32]
and other institutions [33,34].

The patterns of recurrence in our study cohort are also comparable to another single-
institution retrospective study by Groot et al [34], in which the authors analyzed the patterns
and predictors of recurrence following curative-intent resection of PDAC in patients who
had not received NAT. Recurrence developed in the majority of their cohort (78%) over

a median follow-up of 25.3 months. Again, the liver was the predominant site of first
recurrence developing within 6.9 months (95% CI 4.9-8.9) of resection. In contrast, patients
with lung and local recurrence had an extended RFS (18.6 and 14.6 months, respectively).
Additionally, Groot et al. reported that a lymph node ratio >0.2 was associated with distant-
organ recurrence (HR:1.93, 95% CI 1.6-2.3, p<0.001) while adjuvant chemotherapy was
protective (HR:0.75, 95% CI 0.57-0.97, p=0.027). These steadfast patterns of recurrence are
replicated in patient populations across multiple institutions and suggest a biology intrinsic
to PDAC that would be intriguing to explore further.

Lymph node enlargement detected on either radiologic evaluation (CT or MRI) or on EUS
has been suggested to be a potential marker of lymph node metastasis in PDAC patients with
a 68% positive predictive value (PPV) and 43.1% negative predictive value (NPV). When
limited to patients with biliary obstruction, the PPV of lymph node enlargement was found
to be even higher at 84.2% [35]. Recent studies using nomograms based on radiographic
features of contrast-enhanced CT scans demonstrate promising rates of positive lymph node
identification in both the test and validation cohorts [36,37]. With similar advances in
progress using abdominal MRIs [38] and based on the aforementioned implications of an
elevated lymph node positive ratio on early disease recurrence demonstrated in our analysis,
improving imaging modalities may facilitate more judicious patient selection for surgery
following NAT.

Previous systematic reviews and meta-analyses of mainly observational studies that
examined the impact of NAT on recurrence reported that NAT provides more effective
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local tumor control as opposed to upfront surgical resection [39,40]. However, NAT did
not appear to influence the overall rate of distant or peritoneal metastasis. These studies
included a heterogenous patient population and treatment modalities and therefore their
results should be interpreted with caution. Nonetheless, in our study, local recurrence was
seen predominantly in the late recurrence cohort, lending further evidence that NAT has
some efficacy in controlling the local tumor burden for at least several months following
surgery.

Our study has several limitations that are mainly inherent to its retrospective design.
Although NAT is routinely administered for BR PDAC at our institution, 78 (29%) patients
had R PDAC,; as a result, there is a selection bias as the indications for NAT in the R PDAC
group varied. Secondly, our results only represent a cross-section of the natural history of
recurrent PDAC as only the first site of recurrence was documented while further disease
progression was not accounted for in this analysis. Moreover, overestimation of the timing/
location of recurrence should be assumed as the diagnoses of recurrence was mainly based
on findings on surveillance cross-sectional imaging and histopathologic confirmation was
seldom established. Despite these limitations however, our study adds significant support to
the growing body of evidence on the effects of NAT on potentially-resectable PDAC.

CONCLUSIONS

We provide a large and homogeneous patient population from a major tertiary care referral
center and describe select predictors of early disease recurrence and progression, including
positive lymph node ratios and receipt of adjuvant chemotherapy. Although these are factors
that are not always modifiable, future investigations can be built on our findings to improve
existing surveillance and treatment strategies to identify and treat patients at risk for early
recurrence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Data Availability Statement:

The data that support the findings of this study are available on request from the
corresponding author. The data are not publicly available due to privacy or ethical
restrictions.
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Synopsis:

Through a retrospective review of a large patient population from a high-volume
tertiary care center, we identified select predictors of early disease recurrence following
neoadjuvant therapy and pancreaticoduodenectomy for pancreatic adenocarcinoma.
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Patterns of early (<6 months after resection) vs. late (>6 months after resection) recurrence
in R and BR PDAC patients who received NAT followed by pancreaticoduodenectomy.
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Overall (a) and progression-free (b) survival of R and BR PDAC patients after NAT and
surgical resection.
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Table 1.

Baseline demographic and preoperative variables in R and BR PDAC patients who received NAT and
underwent curative-intent pancreaticoduodenectomy.

Variable Overall cohort  Event <6 months  Event >6 month/no recurrence  P-value
(n=273) (n=64) (n =209)
Age, yrs 65 (58-72) 65 (55-73) 66 (59-71) 0.259
Male gender 136 (50) 35(55) 101 (48) 0.373
White race 263 (96) 63 (98) 200 (96) 0.461
BMI, kg/m? 26 (23-30) 26 (23-30) 27 (23-30) 0.339
ASA class
1 1(0.4) 0(0) 1(0.5)
2 33 (13) 2(3) 31 (15) 0.080
3 214 (81) 56 (90) 158 (78)
4 16 (6) 4(7) 12 (6)
CCI (age-adjusted) 5(4-5) 4(4-5) 5(4-6) 0.347
Radiologic stage at diagnosis
Resectable 78 (29) 62 (30) 16 (25) 0.470
Borderline resectable 195 (71) 147 (70) 48 (75)
EUS size, cm 2.8 (2.3-3.4) 3(2.5-35) 2.8(2.3-3.4) 0.135
CT size, cm 2.9 (2.2-35) 3.2(2.7-3.8) 2.8(2.1-3.3) 0.002
Vessel involvement 201 (73.9) 49 (76.6) 152 (73.1) 0.579
None 71 (26.1) 15 (23.4) 56 (26.9)
Venous 155 (57) 33 (51.6) 122 (58.7) 0.157
Arterial 10 (3.7) 2(3.1) 8(3.9)
Venous and arterial 36 (13.2) 14 (21.9) 22 (10.6)
Type of NAT
Gemcitabine based 211 (77) 47 (73) 164 (79)
5-FU based 45 (17) 11 (17) 34 (16) 0.531
Crossover 13 (4.8) 5(7.8) 8(3.8)
Other 4(15) 1(1.6) 3(1.4)
Number of NAT cycles 3(2-4) 3(2-5) 3(2-4) 0.719
Neoadjuvant radiotherapy 101 (37) 28 (44) 73 (35) 0.201
CA19-9 level, U/ml
Pre-NAT 201 (54-626) 472 (75-1469) 153 (49-413) 0.001
Post-NAT 43 (15-136) 71 (20-320) 39 (14-100) 0.005

Variables are presented as medians (interquartile range) and raw numbers (percentage). BMI: body mass index, ASA: American Society of
Anesthesiology score, CCI: Charlson-comorbidity index, EUS: endoscopic ultrasound, CT: computed tomography, NAT: neoadjuvant treatment
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Table 2.

Operative, pathologic, and outcome variables in R and BR PDAC patients who received NAT and underwent
curative-intent pancreaticoduodenectomy.

Variable Overall cohort  Recurrence <6 months  Recurrence >6 month/no recurrence  P-value
(n=273) (n=64) (n =209)
Robotic approach 105 (39) 27 (42) 78 (37) 0.484
EBL, mL 300 (175-300) 400 (300-750) 300 (150-550) 0.007
T stage
0 4(15) 0 (0) 4(1.9)
1 94 (34) 21 (33) 73 (35)
2 150 (55) 33 (52) 117 (60) 0.217
3 24 (9) 10 (16) 14 (7)
4 1(0.4) 0 (0) 1(0.5)
Pathologic tumor size, cm 2.5(2-3.3) 3(2-3.5) 2.5(2-3) 0.106
N stage
0 96 (35) 19 (30) 77 (37)
1 101 (37) 25 (39) 76 (36) 0.544
2 76 (28) 20 (31) 56 (27)
Total number of LN harvested 27 (20-36) 26 (18-35) 28 (20-37) 0.307
Number of positive LN 1(0-4) 2 (0-5) 1(0-4) 0.177
Ratio of positive LN 0.05 (0-0.14) 0.08 (0-0.21) 0.04 (0-0.14) 0.058
LVI 186 (70) 51 (81) 135 (67) 0.032
PNI 222 (82) 56 (90) 166 (80) 0.057
Positive margins 130 (48) 35 (55) 95 (46) 0.196
Response to NAT
None/absent 50 (22) 14 (28) 36 (20)
Partial 167 (73) 36 (22) 131 (74) 0.495
Near complete 7(3) 1(2.0) 6 (3)
Complete 4(1.8) 0 (0) 4(2.3)
30-day mortality 4(1.5) 4 (6) 0(0) 0.003
90-day mortality 10 (4) 10 (16) 0 (0) <0.001
Clavien-Dindo score =3 73 (26.7) 27 (42) 46 (22) 0.001
Adjuvant chemotherapy 201 (75.6) 31(51) 170 (83) <0.001
Gemcitabine based 166 (83) 23 (74) 143 (85)
5-fluorouracil based 27 (13.5) 6 (19) 21 (12) 0.239
Crossover 7(3.5) 2(6.5) 5(3.0)
Number of Adjuvant cycles 4 (3-6) 3(2-4) 5 (4-6) <0.001
Total number of cycles 7 (4-9) 4 (3-6) 8 (5-9) <0.001
(NAT + adjuvant)
Recurrence
Local recurrence 65 (24) 8 (16) 57 (39)
Carcinomatosis 8(3) 3(6) 5(34) 0.004
Single distant organ 80 (30) 22 (43) 58 (40)
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Variable Overall cohort  Recurrence <6 months  Recurrence >6 month/no recurrence  P-value
(n=273) (n=64) (n =209)
Multiple sites 43 (16) 18 (35) 25 (17)

Variables are presented as medians (interquartile range), raw numbers (percentage). EBL.: estimated blood loss, LN: lymph nodes, LVI: lympho-
vascular invasion, PNI: peri-neural invasion, NAT: neoadjuvant chemotherapy
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Cox regression model for independent predictors of early recurrence in PDAC patients who received

neoadjuvant therapy.

Table 3.

Variable Hazard ratio  95% confidence interval ~ P-value
ASA 1.8 0.8-3.9 0.127
CT size 1.0 1.0-1.1 0.024
Arterial and venous involvement 1.9 0.9-3.7 0.086
Ratio of positive LN 15.9 3.8-66.2 <0.001
Anastomotic stricture 6.0 1.8-20.3 0.004
Readmission within 90 days 1.9 1.1-33 0.030
Adjuvant chemotherapy 0.4 0.2-0.7 0.001
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