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1 | INTRODUCTION

Pancreatic adenocarcinoma (PDAC) is a highly lethal malignancy. It is
the eighth leading cause of cancer-related deaths in men and the
ninth leading cause of cancer-related deaths in women worldwide.!
PDAC often presents in advanced stages due to its aggressive biology
and non-specific symptomes.

The prognosis is poor even among patients with resectable disease,
with a 5-year survival of 10% to 30%.2 Current staging and prognostic
tools rely on the American Joint Committee of Cancer (AJCC) TNM stag-
ing system eighth edition.> Numerous other prognostic factors have
been identified to better prognosticate patients with resected PDAC
such as neutrophil/lymphocyte ratio,* lymph node ratio,> presence of
lymphovascular invasion (LVI) or perineural invasion (PNI),® and re-
section margin status.”® The standard operation for tumors of the pan-
creatic head is a pancreaticoduodenectomy (Whipple procedure),
whereas tumors of the body or tail can be resected using a distal pancre-
atectomy.” These procedures are associated with high operative mortal-
ity and morbidity.” Advancement in surgical technique and perioperative
management of patients has led to a reduction in the morbidity and mor-
tality associated with the above-mentioned surgeries. Moreover, with
the improvement of imaging technique and the employment of a multi-
disciplinary team approach, better selection of suitable patients for
surgery could be done.° Surgical outcomes at high-volume centers have
been shown to be superior compared to outcomes at low-volume cen-
ters. In spite of that, many patients relapse at both local and distant sites
after resection. Hence, adjuvant chemotherapy is crucial in the manage-
ment of these patients as demonstrated in multiple randomized con-
trolled trials (RCT).111>171838 Often, these trials stratify patients by
geographical locations, resection margins, T-stage and lymph node status.
Adjuvant chemotherapy or chemoradiotherapy was conducted primarily
in West enrolling fit patients with preserved organ functions and good
performance status. Applicability to a general population especially in an
Asian population has been inadequately described.

Pattern, timing, and predictors of recurrence after curative re-
section have been described primarily in Western populations.

We aimed to evaluate the clinical outcomes, prognostic factors of
survival, pattern, and timing of recurrence after curative resection in
an Asian institution.

We also compared the resected PDAC series from both Asian

and Western populations.

2 | METHODS

Patients who underwent resection with curative intent in our center

between 1998 and 2013 were identified from a retrospective database.

Patients eventually noted to have R2 resection or stage 4 disease were
excluded. We collected clinicopathological and operative data of
165 patients. Follow-up and data collection extended to December 2015.

Following surgery, all specimens underwent histopathological
review, and features such as histology subtype, pathological AJCC
stage and grade, resection margin status, tumor size, LVI and PNI.
Resection margin involvement was defined according to the Royal
College of Pathologists guidelines, with microscopic evidence of
tumor within 1 mm of a resection margin (RM) being classified as
R1.Y? Laboratory parameters such as CA 19-9 and carcinoembryonic
antigen (CEA) were measured preoperatively and postoperatively
(patients without tests done within 3 months before or after the sur-
gery was excluded from the analysis). The development of a
hypointense mass in the resection site was considered as evidence of
local recurrence. Similarly, detection of a new hypointense nodule/
mass in the liver, lung, or peritoneum was considered evidence of dis-
tant recurrence. No biopsies were performed in this series to confirm
the diagnosis of recurrent cancer. If the CT findings were non-specific,
a follow-up CT would be performed, and the date of recurrence will
be taken as the date of the follow-up CT that demonstrate enlarge-
ment of the nodule or mass. Our study was approved by the Central-
ized Institutional Review Board of our institution.

21 | Statistical analysis

Continuous variables were summarized using median and range.
Categorical variables were summarized using frequency and per-
centage. Overall survival (OS) was calculated as the time from sur-
gery to death from all causes. Patients who were alive at last follow-
up were censored at date of last follow-up. Median OS was esti-
mated using the Kaplan-Meier method. Differences in survival cur-
ves were tested using the log-rank test. Univariable and
multivariable analyses were performed using the Cox proportional
hazards model. For multivariable analysis, variable selection was
performed using a forward selection procedure. All variables,
regardless of significance in univariable analysis, were entered as
candidate variables in the forward selection procedure. Only vari-
ables with more than 10% missing data were excluded. The propor-
tional hazards assumption was tested on the final multivariable
model using a test based on Schoenfeld residuals. A P-value of less
than .05 was taken as statistically significant in the univariable ana-
lyses. For the forward selection procedure, a P-value of less than
.10 was used for addition of variables into the multivariable model.
P-values for Cox models were calculated using the likelihood ratio
test. All analyses were performed in Stata 15.0 (StataCorp, College

Station, Texas).
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3 | RESULTS TABLE 1 Patient demographics and clinical characteristics
Characteristic Frequency Percentage
3.1 | Study population characteristics Total number of patients 165 100
Age at surgery (years)
Our study population consisted of 165 patients with resected pancre- Median (Range) 62 (41-84)
atic ductal adenocarcinoma. Median age at surgery was 62.0 (41-84) Gender
years. 55.2% were male and 44.8% were female. The ethnic propor-
Male 91 55.2
tion of our study population was 77.6% Chinese, 4.8% Malay, 4.2%
. . . Female 74 44.8
Indian, and 12.7% of other races. The median follow-up time was R
ace
15.5 months. Regarding grade of differentiation, 10.9% had well dif- .
ferentiated, 75.2% moderately differentiated, 12.1% poorly differenti- Chinese 128 7.6
ated, and 0.6% undifferentiated histology. Majority (73.3%) of NEIE g Gt
patients had tumors involving the head of pancreas. Whipple opera- Indian 7 42
tion or pylorus-preserving pancreaticoduodenectomy (PPPD) was the Others 21 12.7
most common form of surgery (73.3%) followed by distal pancreatec- Unknown 1 0.6
tomy in 22.4%, and total pancreatectomy in 2.4%. The institution's Smoking status
surgical outcomes and details were previously published.?®?* Only Never 86 521
50.9% of patients who underwent curative resection eventually Ex 30 18.2
received adjuvant therapy. Of these, 55 (33.3%) received adjuvant Current 10 6.1
chemoradiotherapy, 33 (20.0%) received only adjuvant chemotherapy Unknown 39 23.6
and 1 (0.6%) received only adjuvant radiotherapy. No patients Alcohol consumption
received neoadjuvant chemotherapy or chemoradiotherapy. All Never 96 58.2
patients who received adjuvant chemotherapy received gemcitabine Ex 9 5.5
or 5-fluorouracil (5-FU)/oral capecitabine monotherapy. Patients Current 19 11.5
receiving adjuvant chemoradiotherapy received either concurrent Unknown 41 24.8
radiotherapy with radiosensitizing 5-FU or gemcitabine followed by Charlson comorbidities index
gemcitabine or 5-FU monotherapy. Patient demographic and clinico- Median (Range) 3(1-9)
pathologic characteristics of the cohort are detailed in Table 1. Symptoms
Loss of weight 42 25.5
Loss of appetite 27 16.4
3.2 | Recurrence pattern Ea— A na
Abdominal pain 48 29.1
Aft dian follow- f 15.5 ths, 112 patients (67.9%) devel-
er median follow-up o months patients ( %) devel Abdominal distension 5 30
oped recurrence. The median time to recurrence was 8.87 months. .
. Diarrhea 4 24
66.1% and 81.2% of patients developed recurrence at 12 and
R . Jaundice 84 50.9
24 months, respectively. (Figure S1).
. . X . X Malaena 1 0.6
Maijority of patients developed distant recurrence as the first site
T it
of relapse. Seventy-three (44.2%) had recurrence in a distant site, umor SI_ €
20 (12.1%) had both local (defined as resection bed) and distant recur- Head involved 121 733
rences and 19 (11.5%) had solely local recurrence. Head not involved 44 267
The most common site of recurrence was the liver (n = 58; 35.2%), AUICE T s
followed by local recurrence (n = 39; 23.6%), distant lymph nodes 1A > 3.0
(n = 31, 18.8%), peritoneum (n = 22, 13.3%), and lungs (n = 19; 11.5%). 1B 16 9.7
A 45 27.3
1B 90 54.5
3.3 | Univariable analysis of OS I 9 5.5
T stage
The median OS of the entire patient cohort was 19.7 months (95%Cl: T1 4 24
16.9-23.7). Median OS of patients who did not receive adjuvant ther- T2 30 18.2
apy after curative resection was 15.7 months (95%Cl: 11.7-26.9). T3 123 74.5
Median OS of patients who received adjuvant chemoradiotherapy or T4 8 48

chemotherapy were 20.1 months (95%Cl: 15.7-28.2) and 23.8 months (Continues)
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TABLE 1 (Continued)

Characteristic Frequency
N stage
NO 69
N1 95
NX 1
Histological grade
Well differentiated 18
Moderately differentiated 124
Poorly differentiated 20
Undifferentiated

Not stated/not determined 2
Type of surgery

Whipples operation 121
or Pylori preserving
pancreaticoduodenectomy
(PPPD)

Pancreatectomy, 37
distal or subtotal

Pancreatectomy, total 4
Pancreatectomy, NOS

Resection margins

RO 80

R1 85
Perineural invasion

No 14

Yes 135

Indeterminate 6

Unknown 10

Lymphovascular invasion

No 80
Yes 62
Indeterminate 13
NA 10
Lymph node resected
Median (Range) 9 (0-36)
Lymph node ratio (No. positive/No. resected)
Median (Range) 0.08 (0-1)
Unknown (no LN resected) 5

Tumor size (largest diameter) (cm)

Median (Range) 3.0 (0.8-18.0)
Not Reported 18
Posterior margins involved
No 102
Yes 36
Unknown 27

Type of adjuvant treatment

No adjuvant treatment 76
Radiotherapy only 1
Chemotherapy only 33

Chemoradiotherapy 55

ﬁ! NG ET AL
TABLE 1 (Continued)
Percentage Characteristic Frequency Percentage
Pre-op CEA (ng/mL)?
41.8 Median (range) 3.3(0.5-61.8)
57.6 Unknown 87 52.7
0.6 Post-op CEA (ng/mL)?
Median (range) 2.2 (0.7-14.9)
10.9 Unknown 124 75.2
75.2 Pre-op CA19-9 (U/mL)*®
121 Median (range) 187.0 (<0.6->10 000)
0.6 Unknown 73 44.2
1.2 Post-op CA19-9 (U/mL)*°
Median (range) 25.2 (<0.6-6825)
733 Unknown 66 40.0
Pre-op albumin (g/L)?
Median (range) 34 (16-48)
224 Unknown 34 20.6
Post-op albumin (g/L)?
2.4 Median (range) 24 (14-47)
1.8 Unknown 26 15.8
Pre-op neutrophil/lymphocyte ratio®
48.5 Median (range) 2.9 (0.6-36.5)
51.5 Unknown 29 17.6
Post-op neutrophil/lymphocyte ratio®
8.5 Median (range) 12.3 (0.8-49.6)
81.8 Unknown 23 13.9
36 Abbreviation: NOS, Not otherwise specified.
6.1 #Taken within 90 days before or after surgery.
bValues of <0.6, < 2.0, > 5000, and >10 000 were taken as 0.6, 2.0, 5000,
485 and 10 000, respectively, for the calculation of median.
37.6
79 (95%Cl: 19.1-31.5) respectively. 1-, 3-, and 5-year OS rates were
61 73.1% (95%Cl: 65.1-79.5), 28.0% (95%Cl: 20.3-36.1), and 14.8% (95%
Cl 7.6-22.0), respectively.
Factors which conferred a poorer prognosis on OS by univariable
analysis were: poorly differentiated/undifferentiated tumor (HR 2.15,
95% Cl: 1.24-3.74, P = .013), non-pancreatic head tumors (HR 1.54,
95% Cl: 1.04-2.29, P = .037), N1 nodal status (HR 1.84, 95% CI: 1.24-
30 2.72, P = .002), lymph node ratio (LNR) of >0-0.3 (HR 1.68, 95% ClI:
1.09-2.58, P = .001), LNR>0.3 (HR 3.06, 95% Cl: 1.75-5.37,
P =.001), presence of PNI (HR 2.62, 95% Cl: 1.20-5.73, P = .006), LVI
— (HR 1.52, 95% Cl: 1.01-2.29, P = .045), pre-op CA 19-9 (>75 U/mL)
(HR 2.39, 95% Cl 1.23-4.63, P = .005), post-op CA 19-9 (>75 U/mL)
618 (HR 2.61, 95% Cl: 1.56-4.38, P = .001). (Table 2).
21.8
16.4
3.4 | Multivariable analysis of OS
46.1
0.6 The final multivariable model for OS revealed that LNR > 0-0.3
20.0 (HR 1.58, 95%CI: 1.00-2.49, P <.001), lymph node ratio > 0.3-1
33.3 (HR 3.36, 95%Cl: 1.83-6.16, P = .001), non-pancreatic head tumors
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TABLE 2 Univariable and multivariable analysis of overall survival
Univariable Multivariable
No. of events/  Median OS, Log-rank  Hazard Cox model  Hazard ratio Cox model
patients months (95% CI)  P-value ratio (95% Cl) P-value (95% Cl) P-value
Al patients 111/165 19.7 (16.9, 23.7) 98/146
Age at surgery (years)
<65 66/97 19.7 (16.9, 24.4) 1
265 45/68 20.1 (14.1, 24.9) .389 1.18 (0.81, 1.74) 392
Gender
Male 59/91 19.7 (15.5, 24.4) 1
Female 52/74 20.0(16.8, 31.0) 463 0.87 (0.60, 1.26) 463
Race
Chinese 93/128 20.1(17.4,24.1) 1
Non-Chinese 18/36 13.5(10.6, 31.5) .198 1.40(0.84, 2.33) 216
Smoking status
Never 58/86 21.4(17.9,31.0) 1
Former 21/30 15.7 (12.8, 19.6) 1.73 (1.04, 2.88)
Current 6/10 31.6 (24.9, UD) .027 0.58(0.25, 1.36) .032
Alcohol consumption
Never 64/96 20.0(17.2,28.2) 1
Former 7/9 12.3 (6.9, 28.8) 1.70(0.77, 3.73)
Current 14/19 26.4(16.9,36.1) 406 1.02 (0.57, 1.84) 465
Charlson comorbidities index
1-2 46/63 19.7 (15.4, 28.8) 1
>2 65/102 19.7 (15.7, 23.7) 463 1.16(0.78,1.71) 462
Tumor site
Head involved 74/121 21.1(17.9,24.9) 1 1
Head not involved 37/44 154 (11.4,24.4) .031 1.54 (1.04, 2.29) .037 1.59 (1.02,2.48) .046
AJCC TNM stage
I 15/21 23.7 (11.4,50.2) 1
I 90/135 19.6 (15.7, 23.7) 1.16 (0.67, 2.02)
1] 6/9 26.9 (8.9, UD) .730 0.89 (0.34, 2.31) 719
T stage
T1/T2 26/34 19.7 (11.4,30.2) 1
T3/T4 85/131 19.7 (16.6, 24.4) .505 0.86 (0.55,1.34) 511
N stage
NO 42/69 28.8(20.4,45.4) 1
N1 68/95 15.5(13.2,19.7) .002 1.84 (1.24,2.72) .002
Histological grade
Well/moderately 95/142 21.1(17.4,24.9) 1 1
differentiated
Poorly differentiated/ 15/21 11.2 (7.6, 20.0) .005 2.15(1.24,3.74) .013 1.86(1.02,3.38) .058
Undifferentiated
Type of surgery
Whipples operation or PPPD  77/121 20.1(17.4,24.1) 1
Pancreatectomy, 29/37 17.6 (11.4, 31.6) 1.29 (0.84, 1.98)
distal or subtotal
Pancreatectomy, total 3/4 4.3 (3.1, UD) 7.24 (2.22, 23.60)
Pancreatectomy, NOS 2/3 14.2 (14.2, UD) .002 1.31(0.32, 5.37) .057
Resection margins
RO 52/80 19.7 (16.9, 26.9) 1
R1 59/85 19.7 (14.2,24.1) 612 1.10(0.76, 1.60) 611

(Continues)
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TABLE 2

Perineural invasion
No
Yes

Lymphovascular invasion

No
Yes
Lymph node ratio
0
>0-0.3
>0.3

Tumor size (largest diameter) (cm)

<3
>3

Posterior margins involved

No
Yes
Adjuvant treatment
None
Chemotherapy only
Chemoradiotherapy
Pre-op CEA (ng/ml)
<5
>5
Post-op CEA (ng/ml)
<5
>5
Pre-op CA19-9 (U/ml)
<75
>75

Post-op CA19-9 (U/ml)

<75
>75
Pre-op albumin (g/L)
>35
<35
Post-op albumin (g/L)
>35
<35
Pre-op NLR
<5
>5
Post-op NLR
<5
>5

(Continued)

No. of events/
patients

7/14
94/135

54/80
42/62

38/64
49/70
20/26

50/78
51/69

68/102
24/36

48/76
19/33
43/55

27/44
28/34

27/34
6/7

13/28
51/64

48/72
22/27

38/54
50/77

11/17
83/122

77/109
16/27

14/18
83/124

NG ET AL
Univariable Multivariable
Median OS, Log-rank  Hazard Cox model  Hazard ratio Cox model
months (95% CI)  P-value ratio (95% Cl) P-value (95% Cl) P-value
50.2 (17.2,UD) 1 1
19.1 (15.5, 22.6) .013 2.62 (1.20, 5.73) .006 2.36(1.07,5.23) .018
23.7 (17.7,35.4) 1
16.6 (11.7, 20.1) .042 1.52(1.01, 2.29) .045
31.0(20.1, 45.4) 1 1
17.9 (14.1, 22.0) 1.68 (1.09, 2.58) 1.58 (1.00, 2.49)
12.3(7.5, 19.6) <.001 3.06 (1.75, 5.37) .001 3.36(1.83,6.16) .001
23.7 (17.9, 28.8) 1
14.1(11.5, 21.1) 017 1.61(1.09, 2.38) .018
19.7 (15.7, 26.4) 1
18.5(10.8, 31.6) 797 1.06 (0.67, 1.70) .798
15.7 (11.7, 26.9) 1
23.8(19.1, 31.5) 0.74 (0.43, 1.26)
20.1(15.7,28.2) .528 0.89 (0.59, 1.35) .520
22.0 (17.6, 44.6) 1
14.1 (10.0, 24.4) .110 1.54 (0.90, 2.61) 114
21.8(14.7,30.2) 1
21.4(3.1,UD) .330 1.55 (0.64, 3.80) .356
55.5(14.0, 74.4) 1
19.1 (15.3, 22.0) .008 2.39 (1.23, 4.63) .005
22.6(18.5,30.2) 1
13.2(8.4,19.4) <.001 2.61(1.56,4.38) .001
22.0(14.2, 31.6) 1
17.9 (14.1, 23.7) .870 1.04 (0.68, 1.58) .869
24.4(17.6, 36.0) 1
18.5 (14.7, 22.6) .300 1.39 (0.74, 2.62) .283
19.1 (15.4,26.4) 1
19.4 (12.8, 24.1) .363 1.29 (0.74, 2.24) 377
22.6(13.2,50.0) 1
19.4 (15.4, 24.1) .861 1.05 (0.60, 1.86) .861

Abbreviations: NLR, neutrophil-lymphocyte ratio; PPPD, pylori preserving pancreaticoduodenectomy; UD, undefined.
Note: For the multivariable analysis, only variables with less than 10% missing data were considered in the forward selection procedure. The criterion for variable

addition was P < .10.
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FIGURE 1 Kaplan-Meier curves of OS by tumor site, A, tumor grade, B, PNI, C, LNR, D

(HR 1.59, 95%Cl: 1.02-3.38, P = .046), presence of PNI (HR 2.36
95%Cl: 1.07-5.23, P = .018), and poorly differentiated or
undifferentiated tumor grade (HR 1.86, 95%Cl: 1.02-3.38, P = .058)
were negative predictors of survival. (Table 2) The Kaplan-Meier plot
of the OS for the above-mentioned prognostic factors can be found in
Figure 1.

4 | DISCUSSION

The median survival of patients in this study was 19.7 months (95%
Cl: 16.9-23.7) with a 5-year OS of 14.8% (95%Cl: 7.6-22). This is com-
parable to the experience of major centers in both Western and Asian
series with a median survival ranging from 13 to 24 months and a
5-year OS ranging from 4% to 27%. The patient characteristics and
prognostics factors described in both Western and Asian series are
also similar (Table 3).

Despite the benefits of adjuvant chemotherapy, only 50.9% of
our patients received adjuvant treatment, which was comparable with
other institutions and large series reporting rates of approximately
35% to 60%.313* There are numerous reasons why patients do not

receive adjuvant chemotherapy. These include post-operative

complications leading to poor performance status post-surgery, tumor
recurrence or metastases detected prior to initiation of adjuvant che-
motherapy, and patient's preferences.>>3” Patients who received
adjuvant chemotherapy in our series had an OS of 23.8 months as
compared to 15.7 months for those who did not receive adjuvant che-
motherapy. This is comparable to that of the Phase 3 trials evaluating

the efficacy of these regimes,11:1%14.38

and consistent with real-world
data described by other authors.>*%” Given the low rates of receipt of
adjuvant chemotherapy and early dissemination of disease in PDAC, a
neoadjuvant approach may be advantageous.>*° Studies exploring
this approach have conflicting results. The Phase 3 PREOPANC-1 trial
randomized patients to preoperative chemoradiotherapy followed by
surgery and four courses of adjuvant gemcitabine or to immediate sur-
gery and six courses of adjuvant gemcitabine. There was no difference
in the OS by intention to treat in both groups.®® The Prep-02/JSAP-
05 randomized Phase 2/3 trial randomized 362 patients with resect-
able PDAC to neoadjuvant gemcitabine and S-1 followed by surgery
and adjuvant S-1 or initial surgery and adjuvant S-1. There was a sig-
nificant benefit of neoadjuvant gemcitabine and S-1 followed by sur-
gery and adjuvant S-1 compared with initial surgery and adjuvant S-1
therapy (median OS: 36.7 vs 26.6 months, HR 0.72 (95%Cl: 0.55-
0.94), P = .015).%* However, this was done exclusively in Japanese
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patients and the generalizability of these data is debatable. The
SWOG S1505 Phase 2 randomized trial randomized patients with
resectable PDAC to perioperative FOLFIRINOX or perioperative
gemcitabine and nab-paclitaxel. The primary outcome was 2-year
OS. Each arm was compared against the historical threshold of 40%.
The 2-year OS was 41.6% with mFOLFIRINOX (P = .42) and 48.8%
with gemcitabine/nab-paclitaxel (P = .12).65 There are multiple other
trials examining this question including the randomized Phase 2/3
NEPAFOX trial (ClinicalTrials.gov identifier: NCT02172976) which is
FOLFIRINOX,
FOLFIRINOX compared with surgery and adjuvant gemcitabine in

evaluating neoadjuvant surgery, and adjuvant
patients with resectable and borderline resectable pancreatic cancer.
There is also the randomized Phase 2 NEONAX trial (ClinicalTrials.gov
identifier: NCT02047513) which compares neoadjuvant gemcitabine
and nab-paclitaxel followed by surgery and adjuvant gemcitabine and
nab-paclitaxel compared with initial surgery and adjuvant gemcitabine
and nab-paclitaxel. While no patients in our series received neo-
adjuvant treatment, it is a promising approach worth considering and
we await the results of ongoing trials.

The pattern of recurrence in our series of patients is similar to
that reported in the literature.X® Most of the recurrences occurred
within the first year after surgery as demonstrated in Figure S1. The
most common sites of recurrence are the liver, local recurrence, dis-
tant lymph nodes, lungs, and peritoneum. 61.3% of patients in our
study developed recurrence within 1 year after curative resection; this
is reflective of the aggressive disease biology and presence of micro-
metastases at diagnosis.

In this study consisting of Asian patients, we identified four prog-
nostic factors associated with poor prognosis: LNR > 0.3, poorly dif-
ferentiated/undifferentiated tumor grade, location of tumor at the
body or tail and the presence of PNI.

LNR has been found to be an independent prognostic factor in
various studies.>*14? Different groups have used different cutoffs for
the LNR. Valsangkar et al demonstrated that increasing values of LNR
of 0.2, 0.20 to 0.30 and 20.30 were associated with poor prognosis,*
Huebner et al showed that a LNR of 20.17 had poorer prognosis.*?
We found that a LNR 20.30 was associated with a poorer prognosis.
Patients with LNR of 0, >0 to 0.3 and > 0.3 had median OS of 31.0,
17.9, and 12.3 months, respectively. Total number of lymph nodes
examined (TLN) may be of prognostic significance, especially in
patients with pNO disease. Slidell et al found that patients with pNO
disease could be further stratified based on the number of lymph
nodes evaluated, with those with 11 or less LN examined having a
poorer prognosis.*3 Another study showed that those with <12 TLN
had a poorer prognosis, but this did not reach statistical significance.**
In our study, however, we did not find that the TLN was a prognostic
factor in patients with pNO disease or in our entire cohort. While
nodal status is incorporated as a stratification in a large proportion of
randomized adjuvant trials in pancreatic cancer,?>1%1518 | NR could
be a better stratification factor. LNR did not feature as a stratification
factor in any of the randomized trials (Table 4). The only randomized
trial, which included LNR in its patients' clinic-pathological characteris-

tics, was JASPAC-01 trial.*> Tumor grade is a known prognostic factor
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found in many studies, including various RCTs.>¢:11:14.18.22.26,27,30,48.49

(Tables 3 and 4) Our study confirmed this finding. While Brennan et al
found that tumors located at the head are associated with a worse
prognosis, our results are contrary to this.>® We found that patients
with tumors at the body or tail had poorer prognosis. Multiple studies
have suggested that the anatomical site is a prognostic factor; how-
ever, studies have been conflicting regarding which site is associ-
ated with a better prognosis.>1>* Artinyan et al and Watanabe et al
reported that patients with body/tail PDAC are more likely to be
have unresectable or metastatic disease at presentation and conse-
quently have poorer OS. This is attributed to the earlier onset of
symptoms (eg, jaundice) in patients with head lesions.’?>3 Body/tail
lesions were found to be a poorer prognostic factor compared with
head lesions even in patients who had undergone surgical resec-
tion.>® This may potentially be due to more aggressive tumor biol-
ogy for lesions arising from the body/tail.>> However, Lau et al,
which utilized the Surveillance, Epidemiology, and End Results
(SEER) registry, found that patients with local-stage pancreatic
body/tail cancer had higher OS compared with local-stage pancre-
atic head cancer.!

Chatterjee et al found that the presence of PNI and LVI correlated
with poorer outcomes. We found that the presence of PNI but not
LVI was associated with poor prognosis. PNI is the presence of cancer
cells along nerves and/or within the epineurial, perineurial, and end-
oneurial spaces of the neuronal sheath and is commonly found in
PDAC.>® The presence of PNI has been demonstrated as a negative
prognostic factor in multiple studies.>4243° (Table 3).

While the previously described factors are well described in the lit-
erature to be prognostic, the prognostic value of the resection margin
remains controversial.>”

Margin status has been identified as prognostic factor in multiple
studies.”®>? However, other studies have demonstrated no relation-
ship between the resection margin and 0S5.%¢! Conflicting results
have also been found for the posterior resection margin.’®%? Our
study found that resection margin status (RO vs R1) and the posterior
resection margin status (RO vs R1) were not independently associated
with OS in the multivariable analysis. There are numerous postulations
for the conflicting results. First, the definition of microscopic margin pos-
itivity differs from study to study.'”“® Second, there are wide variability
in the way different centers handle and sample the resection tissue.””
Third, the definition of the posterior margin is also not standardized in
multiple studies.>”

Taking the above together, our study showed that our cohort had
similar prognostic factors, recurrence patterns, and survival as other
Western and Asian institutions.>¢1%22-% (Taple 3) In the APACT trial
which recruits both Western and Asian patients, country was used as
a stratification factor.r” Given the similarity in clinical characteristics
in Western and Asian patients with PDAC, using country as a stratifi-
cation factor may not be necessary. On the other hand, LNR and pres-
ence of PNI have consistently been found to be a significant
prognostic factor in RCTs or large series from high-volume cen-

5,6,11,14,16,18,22,26,27,30,48,49 (

tres Tables 3 and 4) and should perhaps be

used as a stratification factor instead.
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Our study has several limitations. While we managed to demon-
strate applicability of adjuvant therapy in a general Asian population
consistent with what has been reported in RCT, all the patients in this
cohort received single agent systemic therapy (gemcitabine or 5FU). A
number of RCT has since been reported providing evidence for dou-
blet and triplet combination therapies.'”"*® Future population-based
studies are needed to clarify its applicability to a general population.
As this study is retrospective in nature, there may be recall bias. Fur-
thermore, the study sample size is modest, perhaps explaining for lack
of statistical significance in previously reported prognostic factors (eg,
resection margins and presence of LVI). Finally, incomplete capture of
variables may introduce bias in survival analysis.

In conclusion, the survival of Asian patients with resected PDAC
who received adjuvant chemotherapy is comparable to reported ran-
domized trials. Clinical characteristics of Asian patients with resected
PDAC are similar to datasets described among patients from the
West. Hence, geographical locations/country of origin may not be a
necessary stratification factor in RCTs. Conversely, LNR and status of
PNI ought to be incorporated.
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