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Abstract

BACKGROUND

The 8" edition of the American Joint Committee on Cancer (AJCC) staging system
for pancreatic ductal adenocarcinoma (PDAC) excludes extrapancreatic extension
from the assessment of T stage and restages tumors with mesenterico-portal vein
(MPV) invasion into T1-3 diseases according to tumor size. However, MPV
invasion is believed to be correlated with a poor prognosis.

AIM
To analyze whether the inclusion of MPV invasion can further improve the 8
edition of the AJCC staging system for PDAC.

METHODS

This study retrospectively included 8" edition AJCC T1-3N0-2MO0 patients
undergoing pancreaticoduodenectomy/ total pancreatectomy from two cohorts
and analyzed survival outcomes. In the first cohort, a total of 7539 patients in the
surveillance, epidemiology, and end results database was included, and in the
second cohort, 689 patients from the West China Hospital database were
enrolled.

RESULTS

Cox regression analysis showed that MPV invasion is an independent prognostic
factor in both databases. In the MPV- group, all pairwise comparisons between
the survival functions of patients with different stages were significant except for
the comparison between patients with stage IIA and those with stage IIB.
However, in the MPV+ group, pairwise comparisons between the survival
functions of patients with stage IA, stage IB, stage IIA, stage IIB, and stage 111
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were not significant. T1-3NO patients in the MPV+ group were compared with
the TINO, T2NO, and T3NO subgroups of the MPV- group; only the survival of
MPV-T3NO and MPV+T1-3N0 patients had no significant difference. Further
comparisons of patients with stage IIA and subgroups of stage IIB showed (1) no
significant difference between the survival of T2N1 and T3NO patients; (2) a
longer survival of TIN1 patients that was shorter than the survival of T2NO
patients; and (3) and a shorter survival of T3N1 patients that was similar to that
of T1-3N2 patients.

CONCLUSION

The modified 8" edition of the AJCC staging system for PDAC proposed in this
study, which includes the factor of MPV invasion, provides improvements in
predicting prognosis, especially in MPV+ patients.

Key words: Pancreatic ductal adenocarcinoma; Portal vein; Mesenteric veins; Neoplasm
staging; Pancreaticoduodenectomy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The 8* edition of the American Joint Committee on Cancer staging system for
pancreatic ductal adenocarcinoma restages tumors with mesenterico-portal vein (MPV)
invasion into T1-3 diseases according to tumor size. However, the survival analysis
indicated that these patients have similar prognoses. The modified staging system, which
includes the factor of MPV invasion, provides improvements in predicting prognosis.
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is still an important cause of cancer-related
death, with a mortality rate of approximately 13/1000001". Radical surgical resection
is the only hope to cure pancreatic cancer, but the postoperative five-year survival
rate is only 10%-20%. The American Joint Committee on Cancer (AJCC) staging
system is widely used to evaluate the prognosis of pancreatic cancer patients after
resection and to determine further treatment. The 8" edition of the AJCC Cancer
Staging Manual was published in 2016. The T stage of pancreatic cancer was
evaluated according to tumor diameter and invasion of the superior mesenteric artery
(SMA), common hepatic artery (CHA), or celiac artery (CA). N stage was divided into
groups with different prognoses according to the number of positive lymph nodes: 0,
1-3, and more than 4Pl. Compared with the 7* edition, extrapancreatic extension was
excluded from the assessment of T stage. Extrapancreatic extension was defined as
tumors that "extend beyond the pancreas" with the involvement of extrapancreatic
structures. It is generally believed to involve the following structures: The ampulla of
Vater, duodenum, extrahepatic biliary ducts and gallbladder, distal stomach,
transverse colon and hepatic flexure, gastroduodenal artery (GDA), pan-
creaticoduodenal artery, mesenterico-portal vein (MPV), omentum, and accessory
structuresl’. Since the definition of extrapancreatic extension is complex and involves
many types of tissues, it is difficult to judge extrapancreatic extension, and the
implementation in each center is quite different!*). Moreover, the invasion of different
tissue types represents different biological behavior of tumors, so the effect of the 7
edition of the AJCC staging system in clinical practice has been questioned. The 8"
edition of the AJCC pancreatic cancer staging system improved the staging system by
replacing the factor of pancreatic invasion with a diameter greater than 4 cm.
However, MPV invasion is believed to indicate a poor prognosis for pancreatic cancer
patients/l. The 8" edition of the AJCC pancreatic cancer staging system completely
negates this factor.

6753 December 14,2019 | Volume 25 | Issue 46 |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Chen HY et al. Modified staging classification for PDAC

In the present study, we collected data from pancreatic cancer patients undergoing
radical pancreaticoduodenectomy (PD) and total pancreatectomy (TP) from the
surveillance, epidemiology, and end results (SEER) database and the West China
Hospital database, with an aim to assess the impact of MPV invasion on the prognosis
of patients and to analyze whether the inclusion of MPV invasion can further improve
the 8" edition of the AJCC pancreatic cancer staging system.

MATERIALS AND METHODS

SEER database
Based on the SEER database (1975-2016), we retrospectively included patients with
pathologically confirmed ductal adenocarcinoma (ICD-O-3 histologic code as 8140 or
8500) of the head of the pancreas (ICD-10 code of primary site as C25.0) after PD/TP
(surgery code as 35-37 or 70). The 8 edition of the cancer staging system was
determined by the following data in the databasel”: Collaborative stage (CS) tumor
size (2004+), CS extension (2004+), regional nodes examined (1988+), regional nodes
positive (1988+), and CS Mets at DX (2004+). CS tumor size and CS extension data
describe the diameters and extensions of the primary tumors that contributed to T
classification, and CS Mets at DX represented the status of distant metastasis. Patients
(1) Who did not report the data mentioned above; (2) Who had 5 or fewer lymph
nodes examined or; and (3) With tumors that invaded the SMA and/or CA (T4) or
with distant metastasis (M1) were excluded.

In this study, patients with tumors with CS extension” data labeled "540" were
defined as the MPV+ group, and all the other patients were defined as the MPV-

group.

West China Hospital database

Between 2013 and 2017, the clinicopathological data of patients who underwent PD or
TP at West China Hospital with pathologically confirmed PDAC (stage T1-3N0-2M0)
were retrospectively retrieved from the West China Hospital database, a prospective
surgical database. Since the pathologic stage was evaluated after the first surgery,
only tumors that were considered resectable at the initial diagnosis were included in
this cohort. No patient received neoadjuvant chemotherapy. The follow-up deadline
was March 30, 2019. Patients whose clinical examination and pathological results,
especially the circumferential margin'l, were not reported were excluded from this
study (n = 27). Similarly, we removed patients in whom the number of lymph nodes
examined was 5 or less in pathological reports (n = 69). Positive margins (R1
resection) were defined as microscopic evidence of tumor <1 mm from the resection
margins.

Only patients with microscopic MPV invasion were defined as the MPV+ group.
Patients who did not require MPV resection and those who underwent PD combined
with MPV resection but the pathology indicated that the tumor did not invade the
MPV were defined as the MPV- group.

The data of this cohort were approved by the West China Hospital Review Board
under registration number 2019 (124).

Statistical analysis

Statistical analyses were performed using SPSS version 23.0 (IBM Corporation,
Chicago, IL, United States), and P < 0.05 was considered statistically significant.
Numeric variables (such as age) are presented as the mean * standard error of the
mean and were compared using ANOVA followed by the least significant difference
(LSD) test. Nominal data (sex, stage, grade, efc.) are reported in the form of
frequencies and percentages and were compared using y? tests or Fisher’s exact tests.
Cox regression was adopted to evaluate whether MPV invasion is an independent
prognostic factor. The multivariate Cox proportional hazards analysis was done using
a stepwise (Wald) approach. Survival outcomes were calculated using the Kaplan-
Meier method and are presented in the form of the medians of survival and survival
functions. The 1-, 3-, and 5-year survival rates (+ standard error) were retrieved from
the survival tables. Survival functions were compared using the log-rank test, and
when the null hypothesis was accepted, comparisons of the 1-, 3-, and 5-year survival
rates were performed with the z-test.
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RESULTS

Patient characteristics

Since the extent of local infiltration (CS extension) was not reported before 2004 and in
the new cases of 2016, these patients were excluded from the study. A total of 7539
patients from the SEER database were enrolled in this study. The baseline data are
shown in Table 1. The probabilities of MPV invasion were different between different
T stages (P = 0.000, LSD T1 vs T2 P = 0.008, T2 vs T3 P = 0.000). There was no
significant difference in the lymph node metastasis rate (P = 0.161) or tumor
differentiation (P = 0.605) between the MPV- and MPV+ groups. After the verification
of the proportional hazard assumption (Supplementary Figure 1), univariate and
multivariate Cox proportional hazard models were utilized to examine whether MPV
invasion is an independent factor for predicting prognosis. Cox regression analyses
showed that MPV invasion was a prognostic factor which was independent from sex,
T stage, and N stage (univariate P = 0.002, multivariate P = 0.003, Table 2).

From the West China Hospital database, we included 689 patients with PDAC after
PD/TP (Table 1). In the West China Hospital database, the proportion of patients with
positive lymph node(s) was significantly lower compared to that of the SEER database
(298/689 vs 5425/7539, P = 0.000). The probability of MPV invasion was associated
with a higher T stage (total P = 0.003, T1 vs T2 P = 0.024, T2 vs T3 P = 0.037). Patients
with MPV invasion were more likely to have lymph node metastasis (P = 0.001). The
MPV+ group had a higher incidence of perineural invasion (P = 0.016) and a similar
proportion of intravascular tumor emboli (P = 0.971) compared with the MPV- group.
The proportion of RO resections in the MPV+ group was lower than that in the MPV-
group (55.5% vs 73.7%, P = 0.000). Univariate (P = 0.000, Table 2) and multivariate (P =
0.004) Cox regression analyses showed that MPV invasion was an independent
prognostic factor. The frequencies of positive margins are listed in Figure 1.

Effect of MPV invasion on the 8" edition of the AJCC staging system when
predicting the prognosis of pancreatic cancer patients

In the SEER database, the MPV- group was divided into five subgroups according to
the 8" edition of the AJCC staging system to compare their prognoses. There were
statistically significant differences in survival between patients with stage IA vs
patients with stage IB [median survival time (MST) 38 mo vs 27 mo, P = 0.000],
patients with stage IB vs patients with stage IIA (MST 27 mo vs 20 mo, P = 0.000), and
patients with stage IIB vs patients with stage III (MST 20 mo vs 16 mo, P = 0.000), but
there was no statistically significant difference in survival between patients with stage
ITIA and those with stage IIB (MST 20 mo vs 20 mo, P = 0.622). The 1-, 3-, and 5-year
survival rates of patients with stage IIA and stage IIB were further compared: 69.8% vs
68.7%, 24.7% vs 26.3%, and 13.4% vs 15.9%, respectively (P > 0.05 for all). The MPV+
group was also divided into five subgroups according to the AJCC stage and
compared with each other. The MSTs of patients with stages IA, IB, IIA, IIB, and III
were 19, 22, 19, 17, and 13 mo, respectively. All pairwise comparisons of the survival
functions of patients with different stages were not statistically significant (P > 0.05 for
all). When comparing the 1-, 3-, and 5-year survival rates, only the 3-year survival
rates of patients with stage IIA vs patients with stage IIB (32.8% vs 15.3%, P = 0.047)
and the 1-year survival rates of patients with stage IIB vs patients with stage III (63.6%
vs 53.1%, P = 0.029) showed statistically significant differences, while the survival
rates of patients with other stages showed no significant difference (Table 3 and
Figure 2A).

In the West China Hospital database, there were statistically significant survival
function differences in the MPV- group: Patients with stage IA vs patients with stage
IB (MST 32 mo vs 24 mo, P = 0.044), patients with stage IB vs patients with stage IIA
(MST 24 mo vs 18 mo, P = 0.003), and patients with stage IIB vs patients with stage III
(MST 18 mo vs 15 mo, P = 0.033). There was no significant difference in survival
functions (MST 18 mo vs 18 mo) or survival rates between patients with stage IIA and
those with IIB (P > 0.05 for all). There were no statistically significant differences in
survival functions or survival rates between patients with different stages in the
MPV+ group (Table 3 and Figure 2B).

Prognostic comparisons between patients with different T stages with and without

MPV invasion

There were statistically significant differences in the survival of T1-3NO patients with
MPV invasion compared with that of TINO (MPV+T1-3NO MST 21 mo vs MPV-T1NO
MST 38 mo, P = 0.000, Figure 3A) and T2NO (MPV+T1-3N0 MST 21 mo vs MPV-T2N0
MST 27 mo, P = 0.026) patients without MPV invasion. There was no statistically
significant difference in the survival function between T1-3NO patients with MPV
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Table 1 Characteristics of patients enrolled in this study, n (%)

SEER database West China Hospital database
Characteristic

MPV- group MPV+ group Pvalue MPV- group MPV+ group Pvalue
Sample size, n 6825 714 579 110
Sex 0.041" 0.353
Male 3458 (50.7) 333 (46.6) 368 (63.6) 75 (68.2)
Female 3367 (49.3) 381 (53.4) 211 (36.4) 35 (31.8)
Age at diagnosis (+ SEM) 66.4 (+0.13) 65.4 (+0.38) 0.019" 58.4 (+0.41) 58.35 (+ 0.88) 0.998
Tumor diameter 0.000° 0.003"
<2cm 1232 (18.1) 62 (8.7) 130 (22.5) 12 (10.9)
>2cmbut <4 cm 4377 (64.1) 482 (67.5) 373 (64.4) 73 (66.4)
>4 cm 1216 (17.8) 170 (23.8) 76 (13.1) 25 (22.7)
Positive lymph nodes 0.161 0.001°
0 1900 (27.8) 214 (30.0) 345 (59.6) 46 (41.8)
1-3 2893 (42.4) 311 (43.6) 195 (33.7) 48 (43.6)
24 2032 (29.8) 189 (26.5) 39 (6.7) 16 (14.5)
AJCC 8" stage 0.000" 0.000"
IA 500 (7.3) 22 (3.1) 89 (15.4) 4(3.6)
1B 1162 (17.0) 19 (20.9) 219 (37.8) 31 (28.2)
ITA 238 (3.5) 43 (6.0) 37 (6.4) 11 (10.0)
1B 2893 (42.4) 311 (43.6) 195 (33.7) 45 (43.6)
I 2032 (29.8) 189 (26.5) 39 (6.7) 16 (14.5)
Perineural invasion N/A 0.016"
Absent N/A N/A 165 (28.3) 19 (17.3)
Present N/A N/A 415 (71.7) 91 (82.7)
Intravascular tumor emboli N/A 0.971
Absent N/A N/A 494 (85.3) 94 (85.5)
Present N/A N/A 85 (14.7) 16 (14.5)
Grade' 0.605 0.984
Well differentiated 632 (9.3) 59 (8.3) 5(0.9) 1(1.0)
Moderately differentiated 3397 (49.8) 314 (44.0) 215 (38.1) 37 (37.4)
Poorly /undifferentiated 2489 (36.5) 251 (35.1) 344 (61.0) 61 (61.6)
Unknown 307 (4.5) 90 (12.6) 0(0.0) 0(0.0)
Margin status” N/A 0.000"
RO N/A N/A 427 (73.7) 61 (55.5)
R1 N/A N/A 152 (26.3) 49 (44.5)
R2 N/A N/A 0 (0.0) 0(0.0)

IRow "Unknown" was excluded from the crosstab chi-square analysis.
The last row was excluded from the crosstab chi-square analysis since the expected frequencies were equal to 0.
P < 0.05. SEER: Surveillance, epidemiology, and end results; MPV: Mesenterico-portal vein; SEM: Standard error of the mean; N/A: Not available.

invasion and T3NO patients without MPV invasion (MPV+T1-3N0 MST 21 mo vs
MPV-T3NO MST 20 mo, P = 0.073).

Prognostic comparisons between patients with stage IIA and subgroups of stage
B

There was no significant difference between the survival functions of patients in the
T2N1 and T3NO subgroups (T2N1 MST 20 mo vs T3NO MST 20 mo, P = 0.956, Figure
3B). The survival of patients in the TIN1 subgroup (MST 24 mo, vs T3NO P = 0.010, vs
T2N1 P = 0.000, Figure 3B) was longer than that in the T3NO and T2N1 subgroups.
When the survival function of patients in the TIN1 subgroup (MST 24 mo) was
compared with that of patients in the TINO (MST 38 mo, vs TIN1 P = 0.000) and T2NO
(MST 27 mo, vs TIN1 P = 0.006) subgroups, log-rank tests showed significant
differences between the three groups (Figure 3C). The survival of patients in the T3N1
subgroup (MST 15 mo, vs T3NO P = 0.021, vs T2N1 P = 0.001, Figure 3B) was shorter
than that of the T3NO and T2N1 subgroups, while there was no difference in the
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Figure 1 Type of positive margins in the mesenterico-portal vein- and mesenterico-portal vein+ groups in the
West China Hospital database. A: Positive margins in the MPV- group; B: Positive margins in the MPV+ group.
MPV: Mesenterico-portal vein.

survival functions between patients in the T3N1 subgroup and those in the T1-3N2
subgroup (T3N1 MST 15 mo vs T1-3N2 MST 16 mo, P =0.193, Figure 3D).

Modified stage and verification

Based on the results of the previous analysis, we recommend the modified stage
scheme shown in Table 4. Harrell concordance indexes were calculated for the 8" T
stage and modified T stage in patients with NO diseases. The Harrell concordance
indexes for the NO tumors in the SEER database using 8" T staging and modified T
staging were 0.552 [95% confidence interval (CI): 0.536 to 0.567] and 0.556 (95%CI:
0.540 to 0.571), respectively, and for patients with NO diseases in the West China
Hospital database, the Harrell concordance indexes were 0.578 (95%CI: 0.541 to 0.615)
using the 8" T staging and 0.584 (95%CI: 0.545 to 0.623) using the modified T staging.
For the entire databases, the Harrell concordance indexes of the 8 edition AJCC stage
were 0.572 (95%CI: 0.564 to 0.580) in the SEER database and 0.602 (95%Cl: 0.575 to
0.630) in the West China Hospital database, while those of the modified stage were
0.578 (95%ClI: 0.570 to 0.586) in the SEER database and 0.620 (95%CI: 0.593 to 0.647) in
the West China Hospital database.

According to data of the SEER cohort, there were statistically significant differences
in survival times between patients with modified T stages (the MSTs of T1, T2, and T3
were 28 mo, 20 mo, and 16 mo, respectively, P < 0.05 for all, Table 5B). The MSTs of
patients with modified stages IA, IB, IIA, IIB, and III were 38, 27, 25, 20, and 16 mo,
respectively, with significant and clinical differences between the stages (Table 5D
and Figure 4B).

When patients from the West China Hospital database were used as test samples,
the survival functions of patients with the 8* edition AJCC stage IA vs stage IB (P =
0.014, Table 5C and Figure 4C), stage IB vs stage IIA (P = 0.001), and stage IIB vs stage
III (P = 0.018) were significantly different. However, the survival time and survival
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Table 2 Univariate and multivariate analyses of the survival of patients with pancreatic ductal

adenocarcinoma

SEER database West China Hospital database
Univariate
Hazard ratio (95%CI) P value Hazard ratio (95%Cl) P value
Sex
Male 1.000 Reference 1.000 Reference
Female 0.931 (0.879, 0.987) 0.017° 0.861 (0.709, 1.046) 0.132
Tumor diameter 0.000" 0.000"
<2cm (T1) 1.000 Reference 1.000 Reference
>2 cm but <4 cm (T2) 1.375 (1.267,1.492) 0.000° 1.466 (1.145,1.878) 0.002°
>4 cm (T3) 1.796 (1.629, 1.982) 0.000" 2.466 (1.789, 3.397) 0.000"
Positive lymph nodes 0.000" 0.000°
0 (NO) 1.000 Reference 1.000 Reference
1-3 (N1) 1527  (1.419,1.644) 0.000° 1.676 (1.378, 2.039) 0.000"
>4 (N2) 1.940 (1.791, 2.100) 0.000° 2.466 (1.774, 3.429) 0.000°
MPV invasion 1.170 (1.059, 1.293) 0.002* 1.708 (1.352, 2.159) 0.000"
Multivariate SEER database West China Hospital database
Hazard ratio (95%CI) P Hazard ratio (95%CI) P
Sex
Male 1.000 Reference
Female 0.937  (0.887,0.989) 0.018"
Tumor diameter 0.000" 0.000"
T1 1.000 Reference 1.000 Reference
T2 1.299 (1.203, 1.404) 0.000° 1.361 (1.060, 1.746) 0.015"
T3 1.611 (1.468, 1.768) 0.000" 2.079 (1.500, 2.880) 0.000°
Positive lymph nodes 0.000" 0.000°
NO 1.000 Reference 1.000 Reference
N1 1.454 (1.358, 1.557) 0.000" 1.573 (1.290, 1.916) 0.000"
N2 1.842 (1.710, 1.984) 0.000° 2127 (1.523,2.971) 0.000°
MPV invasion 1.178 (1.071, 1.290) 0.000" 1.423 (1.120, 1.807) 0.004"

P < 0.05. SEER: Surveillance, epidemiology, and end results; MPV: Mesenterico-portal vein.

rate of patients with stage IIA were lower than those of patients with stage IIB, and
there was no significant difference (MST 16 vs 17 mo, 1-year survival rate 58.4% vs
66.1%, 3-year survival rate 9.9% vs 12.7%, and 5-year survival rate 5.0 vs 4.5%, P > 0.05
for all). When a modified stage scheme was applied, the MSTs of patients with
modified stage IA, IB, IIA, IIB and III were 32 mo, 24 mo, 21 mo, 18 mo, and 15 mo,
respectively. There were significant differences in survival times between patients
with modified stage IA vs patients with modified stage IB (P = 0.044), patients with
modified stage IIA vs patients with modified stage IIB (P = 0.043), and patients with
modified stage IIB vs patients with modified stage III (P = 0.004). There was no
significant difference in survival time between patients with modified stage IB and
those with modified stage IIA (P = 0.425) (Table 5D, Figure 4D).

DISCUSSION

The 8* edition of the AJCC pancreatic cancer staging system evaluates T stage (local
invasion) in terms of tumor diameter and invasion of the SMA, CHA, or CAPL
Compared with the 7* edition, the factor of extrapancreatic extension is excluded
from the assessment of T stage. Since extrapancreatic extension generally involves
invasion of the stomach, extrahepatic bile duct, duodenum, colon, CA, SMA, MPV,
etc., the judgment and prognostic significance of extrapancreatic extension vary
greatly from center to center!*"‘.

The 8" edition of the AJCC TNM staging of pancreatic cancer eliminates the effect
of MPV invasion, and tumors with MPV invasion are all classified as T3 tumors in the
7% edition AJCC staging system but are now restaged as T1, T2, and T3 diseases
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Figure 2 Survival functions of different American Joint Committee on Cancer stages in the mesenterico-portal vein- and mesenterico-portal vein+ groups.
A: Surveillance, epidemiology, and end results database; B: West China Hospital database. AJCC: American Joint Committee on Cancer; MPV: Mesenterico-portal
vein; SEER: Surveillance, epidemiology, and end results.
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according to tumor sizel”, although the prognostic impact of MPV invasion on
pancreatic cancer remains controversial. Wang et all''! retrospectively compared the
PD with venous resection group (n = 62, pathological MPV invasion accounted for
76%) and the PD without venous resection group (1 = 60) and found that the PD with
venous resection group had a relatively poor prognosis (MST 18 vs 31 mo, P = 0.016)
and that venous invasion rather than vein resection was predictive of survival.
Rehders et al"! compared 39 cases of pancreatic resection combined with vascular
resection (35 cases of MPV resection and 4 cases of MPV + SMA resection) and 69
cases of pancreatic resection and concluded that vascular invasion was an indicator of
tumor topography instead of tumor biology, but the patients in this study were
followed for only 28 mo, with no long-term prognosis and no ratio of microscopic
MPV involvement reported. Other studies compared the prognosis of the PD with
venous resection group (n = 22, pathological MPV invasion accounted for 64%) with
that of the PD group (n = 54) and suggested no difference between the prognoses of
the two groups (P = 0.18)!""l. In these studies, the prognosis of the MPV resection
group was affected by both MPV invasion and MPV resection. However, the
probability of pathological MPV invasion varied between these studies and may have
affected the prognosis. A case-control study showed that the median survival (42 mo
vs 22 mo, n = 0.02) and overall 3-year survival rates (60% vs 31%, P = 0.03) were lower
in patients with pathological MPV invasion compared with patients who also
underwent PD combined with venous resection without pathological MPV invasion!‘l.
Mierke et al”! compared the effects of MPV resection (P) and invasion (I) on survival
[11.9 (P+I+) vs 16.1 (P+I-) vs 20.1 (P-I-) mo] in 179 cases of PD/TP (P = 0.01). The
multivariate analysis showed that only pathological MPV invasion (P = 0.01)
indicated a poor prognosis. A multicenter study conducted in Italy found that
pathological MPV invasion (P = 0.0052) and adjuvant chemotherapy (P = 0.0041) were

December 14,2019 | Volume 25 | Issue 46 |



Chen HY et al. Modified staging classification for PDAC

Table 3 Differences in survival functions between American Joint Committee on Cancer TNM

stages in patients stratified according to whether there was mesenterico-portal vein invasion

SEER database West China Hospital database

MPV- group MPV+ group MPV- group MPV+ group

Stage 1A

Median survival 38 (£ 3.6) 19 (+3.4) 32 (£5.3) 21

1-yr survival rate 84.7% (+1.7%) 85.7% (+7.6%) 84.2% (+4.0%) 100.0%

3-yr survival rate 51.7% (£ 2.5%) 26.8% (+10.9%) 45.4% (£ 6.6%) 0.0% (£0.0%)
5-yr survival rate 39.4% (x2.7%) 26.8% (+10.9%) 36.0% (+7.1%) 0.0% (£0.0%)
Stage IB

Median survival 27 (£1.3) 22 (£2.3) 24 (£ 1.6) 17 (£ 2.3)

1-yr survival rate 78.0% (+1.3%) 76.6% (+3.7%) 79.0% (+2.9%) 72.5% (+8.3%)
3-yr survival rate 40.1% (£ 1.6%) 34.1% (£ 4.6%) 27.9% (+3.8%) 8.55% (+5.7%)
5-yr survival rate 27.6% (+1.6%) 23.7% (+4.4%) 20.9% (+4.0%) 4.35% (+4.2%)
Stage IIA

Median survival 20 (x1.1) 19 (£ 6.6) 18 (£3.7) 15 (£3.7)

1-yr survival rate 69.8% (+3.1%) 71.6% (£ 7.3%) 59.3% (+8.5%) 55.6% (+16.6%)
3-yr survival rate 24.7% (x3.1%) 32.8% (+8.5%) 13.7% (+ 8.4%) 0.0% (£ 0.0%)
5-yr survival rate 13.4% (+2.7%) 18.4% (+8.1%) 6.95% (+6.4%) 0.0% (£0.0%)
Stage IIB

Median survival 20 (+0.5) 17 (x1.1) 18 (+1.0) 15 (+4.8)

1-yr survival rate 68.7% (+0.9%) 63.6% (+2.8%) 66.7% (+3.5%) 63.3% (+7.1%)
3-yr survival rate 26.3% (+0.9%) 15.3% (£2.3%) 14.1% (£3.1%) 7.95% (+4.3%)
5-yr survival rate 15.9% (+ 0.8%) 9.25% (+2.1%) 5.65% (+2.9%) 0.0% (£0.0%)
Stage III

Median survival 16 (£ 0.4) 13 (x1.2) 15 (£ 2.8) 15 (+4.8)

1-yr survival rate 60.0% (x1.1%) 53.1% (+3.9%) 53.3% (+8.4%) 53.9% (+14.1%)
3-yr survival rate 17.6% (1.0%) 8.65% (+2.6%) 10.4% (+6.1%) 0.0% (£ 0.0%)
5-yr survival rate 8.15% (+0.8%) 6.55% (+2.4%) 0.0% (£ 0.0%) 0.0% (£0.0%)
1A vs IB

Survival function P =0.000" P=0917 P =0.044" P=0.382

1-yr survival rate P =0.002° P=0.282 P=0.293

3-yr survival rate P =0.000° P=0.537 P =0.022° P=0.136

5-yr survival rate P =0.000" P=0.792 P =0.064 P =0.306

1B vs ITA

Survival function P =0.000° P =0.486 P =0.003" P=0.264

1-yr survival rate P =0.015" P=0.541 P =0.028" P=0.363

3-yr survival rate P =0.000° P=0.89% P=0124 P=0.136

5-yr survival rate P =0.000" P =0.565 P =0.064 P =0.306

1IA vs 1IB

Survival function P =0.622 P=0.136 P=0523 P =0.500

1-yr survival rate P=0.733 P =0.306 P=0421 P =0.670

3-yr survival rate P=0.620 P =0.047° P =0.964 P =0.066

5-yr survival rate P=0.375 P=0.272 P=0.853

1IB vs III

survival function P =0.000" P =10.053 P =0.033" P=0418

1-yr survival rate P =0.000° P =0.029" P=0.141 P =0.552

3-yr survival rate P =0.000" P =0.054 P =0.589 P =0.066

5-yr survival rate P =0.000" P =0.397 P=0.053

Values in parentheses are the standard error of median survival or standard error of survival rate.
P < 0.05. SEER: Surveillance, epidemiology, and end results; MPV: Mesenterico-portal vein.
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significantly associated with prognosis’.. Okabayashi et all'! found that the incidence
of postoperative peritoneal dissemination and the accumulative rate of recurrence at 2
years after surgery in the MPV+ group were higher than those in the MPV- group.
Therefore, it has been proven that combined MPV resection is a safe surgical
techniquel''-"’l. In clinical practice, in all patients with MPV resection, a large
proportion of pathological specimens exhibited no real tumor invasion of the MPV.
This may bias the results reported in earlier studies. In our central database, 43.3% (n
= 110) of patients who underwent combined MPV resection were confirmed to have
true pathologic invasion. Pathological invasion of the MPV may be an important
factor affecting patient prognosis.

To explore whether the 8" edition of the AJCC staging system provides a better
prognostic assessment in the presence of MPV invasion, we stratified the population
by whether there was microscopically confirmed MPV invasion and then compared
the prognosis of patients in each stage. In the MPV- group, the survival functions of
patients with stage IA vs patients with stage IB, patients with stage IB vs patients with
stage IIA, and patients with stage IIB vs patients with stage III were significantly
different, but the survival functions of patients with stage IIA and patients with stage
IIB were not significantly different. In the MPV+ group of the SEER database, there
was no significant difference between the survival functions of patients at different
stages. There were statistically significant differences between the 3-year survival
rates of patients with stage IIA vs patients with stage IIB and between the 1-year
survival rates of patients with stage IIB vs patients with stage III, but there was no
significant difference between the 1-, 3-, or 5-year survival rates of patients with stage
IA-IB-IIA, suggesting that patients with stage IA-IB-IIA (T1-3N0) with MPV invasion
have the same prognosis. Data from the West China Hospital database showed a
similar result.
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Table 4 The 8™ edition of the American Joint Committee on Cancer staging system and the modified staging scheme

AJCC staging of pancreatic cancer (8" edition) Stage
Primary tumor size and extension (T)
T1: Tumor < 2 cm in the greatest dimension, without involvement of the CA, SMA, and CHA. IA: TINOMO
IB: T2ZNOMO
T2: Tumor > 2 cm and < 4 cm in the greatest dimension, without involvement of the CA, SMA, and CHA. IIA: T3NOMO
IIB: T1-3N1MO
T3: Tumor > 4 cm in the greatest dimension, without involvement of the CA, SMA, and CHA. III: (1) TXN2MO;
T4: Tumor involves the CA, SMA, or CHA, regardless of size. (2) TANXMO
Regional lymph node (N) IV: TXNxM1

NO: No positive regional lymph node

N1: 1-3 positive regional lymph nodes

N2: 4 or more positive regional lymph nodes
Distant metastasis (M)

MO: No distant metastasis

M1: Distant metastasis

Modified staging of pancreatic cancer

Primary tumor size and extension (T)

T1: Tumor <2 cm in the greatest dimension, without involvement of the CA, SMA, CHA, and MPV IA: TINOMO

IB: T2NOMO
T2: Tumor > 2 cm and < 4 cm in the greatest dimension, without involvement of the CA, SMA, CHA, and MPV ITA: TINIMO

1IB: T3ANOMO;
T3: Tumor involves the MPV, or > 4 cm in the greatest dimension, without involvement of the CA, SMA, and CHA T2N1MO

III: (1) T3NTMO;
T4: Tumor involves the CA, SMA, or CHA, regardless of size (2) TXN2MO;
Regional lymph node (N) (3) TANXMO
NO: No positive regional lymph node IV: TXNxM1

N1: 1-3 positive regional lymph nodes

N2: 4 or more positive regional lymph nodes
Distant metastasis (M)

MO: No distant metastasis

M1: Distant metastasis

AJCC: American Joint Committee on Cancer; CA: Celiac artery; SMA: Superior mesenteric artery; CHA: Common hepatic artery; MPV: Mesenterico-portal
vein.

The statistical analysis results described above showed that the 8" edition of the
AJCC staging system of pancreatic cancer could not accurately predict the prognosis
of patients with MPV invasion. As a sign of local tumor extension, MPV invasion is
correlated with T stage and is relatively independent of N stage. In the SEER
database, there was a statistically significant difference in survival times between
patients with TINO, T2NO, and T3NO stages without MPV invasion, while the TINO,
T2NO, and T3NO subgroups in the MPV group had similar prognoses. Then, we
merged T1-3NO patients with MPV invasion into one group (MPV+T1-3N0) and
compared their prognoses with those of the TINO, T2NO, and T3NO subgroups in the
MPV- group. The results showed that the prognoses of patients with MPV+T1-3N0
and MPV-T3NO were at the same level, indicating that once the tumors invade the
MPV, the earlier T stage cannot provide a better prognosis for patients. We
recommend that primary tumors with MPV invasion be classified into T3 diseases.
Sgroi et al"”! retrospectively analyzed 147 pancreatic cancer patients who underwent
PD/TP and concluded that the 1-year survival rate of vascular reconstruction in
patients with T3 tumors (in which 49/60 underwent venous resection and
reconstruction) was equivalent to that of patients without vascular resection.

Because there is no correlation between MPV invasion and N stage, most studies
support that lymph node staging be divided into three N stages according to the
number of positive lymph nodes (0, 1-3, and >4 lymph nodes), which has good clinical
and statistical significance!""'’l. We followed the N staging of the eighth edition of the
AJCC pancreatic cancer staging system.
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Figure 4 Comparison of the 8" edition of the American Joint Committee on Cancer staging system and the modified staging system in predicting
prognosis. A: Surveillance, Epidemiology, and End Results (SEER) database grouping with the 8th edition American Joint Committee on Cancer (AJCC) stage; B:
SEER database grouping with the modified stage; C: West China Hospital database grouping with the 8th edition AJCC stage; D: West China Hospital database
grouping with the modified stage. AJCC: American Joint Committee on Cancer; SEER: Surveillance, Epidemiology, and End Results.
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A previous analysis found that patients with stage IIA and stage IIB have similar
prognoses. Since stage IIB includes three subgroups, TIN1, T2N1, and T3N1, we
compared the survival functions of patients with stage IIA with those of patients with
stage TIN1, T2N1, and T3N1 to explore whether these three subgroups have the same
prognosis as patients with stage IIA (T3NO). The survival analysis showed that the
prognosis of patients with stage IIA was the same as that of patients in the T2N1
subgroup but different from that of patients in the TIN1 and T3N1 subgroups.
Further comparison showed that the prognosis of patients in the TIN1 subgroup was
worse than that of patients with stage IB of the AJCC staging system and better than
that of patients with stage IIA. The prognosis of patients in the T3N1 subgroup was
the same as that of patients with stage III (T1-3N2). According to this result, the
modified stage of PDAC is defined in Table 4. Shi et all'! analyzed the SEER database
and the Fudan University Shanghai Cancer Center database and combined T3NOMO
and T2N1MO into one stage, but they did not consider the impact of MPV invasion on
prognosis.

In the modified stage, the survival times of patients with T1, T2, and T3 were
significantly different, and the standard error of the MST of patients with T3 was
significantly reduced, indicating that intragroup variation could be reduced by
restaging the patients with MPV invasion into T3. The prognosis of each modified
stage was different, except that no significant difference was reached between the
survival functions of patients with modified stage IB and patients with modified stage
ITA in the West China Hospital database. This finding may be due to the small sample
size of patients with modified stage ITA.

There are some limitations to this study. First, the MPV+ group of the SEER cohort
could not be completely separated. The MPV+ group in the SEER database, or rather,
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Table 5 Verification of the modified staging system in predicting prognosis

SEER database West China Hospital database
Stage Median 1-yrsurvival 3-yrsurvival 5-yrsurvival Median 1-yr survival  3-yrsurvival  5-yr survival
survival rate, % (¥%) rate, % (¥%) rate, % (£%) survival rate, % (¥%) rate, % (¥%) rate, % (%)

Prognostic comparison of different 8 edition AJCC T classifications

AJCCTI 27 (2 1.1) 787 (+1.2) 39.7 (+ 1.5) 27.0 (+ 1.5) 25 (£2.2) 82.6 (+3.3) 329 (+458) 244 (+49)
AJCC T2 20 (£0.3) 68.9 (+0.7) 26.0 (+0.7) 16.1 (+0.7) 19 (£0.9) 72,0 (£2.2) 215 (+2.4) 114 (+22)
AJCC T3 15 (+ 0.5) 61.7 (+1.4) 18.7 (+1.2) 9.9 (+1.0) 15 (£ 1.6) 53.5 (+5.3) 10.4 (£ 4.1) 31 (£28)
T10s T2 P =0.000° P =0.000° P =0.000° P =0.000° P =0.002° P=0.008 P =0.034° P=0.016
T20s T3 P = 0.000° P'=0.000° P = 0.000° P'=0.000" P =0.000° P=0.001° P=0019° P=0.020°

Prognostic comparison of different modified T classifications

Modified T1 28 (+1.2) 787 (£1.2) 41.1 (+1.6) 27.8 (+1.6) 26 (+2.6) 82.6 (+3.4) 35.7 (£5.1) 26.5 (+5.2)
Modified T2 20 (+ 0.4) 69.2 (£0.7) 26.6 (+0.8) 16.4 (£ 0.7) 21 (£1.1) 72.8 (£2.4) 21.8 (+2.8) 13.8 (x2.7)
Modified T3 16 (+ 0.4) 60.5 (+1.2) 19.1 (£ 1.0) 10.7 (£ 0.9) 15 (£ 0.8) 61.1 (+3.7) 7.7 (£2.5) 2.6 (£1.6)
T1vs T2 P =0.000" P =0.000" P =0.000" P =0.000" P =0.004" P =0.019" P =0.017 P =0.030"
T2 vs T3 P =0.000" P =0.000" P =0.000" P =0.000" P =0.000" P =0.008" P =0.000" P =0.000"
Prognostic comparison of different 8" edition AJCC stages

AJCCIA 38 (£3.4) 84.8 (+1.6) 50.7 (+2.5) 38.9 (+2.6) 30 (£4.6) 84.9 (+3.9) 43.9 (£6.5) 34.8 (+7.0)
AJCCIB 27 (£1.1) 778 (£1.2) 39.4 (+1.5) 27.2 (+1.5) 23 (£1.8) 782 (£2.7) 25.6 (+3.6) 18.3 (+3.5)
AJCCIIA 20 (+1.0) 70.0 (£2.8) 25.8 (£2.9) 14.1 (£ 2.6) 16 (£ 2.0) 58.4 (+7.6) 99 (£6.3) 5.0 (£47)
AJCCIIB 19 (£ 0.4) 68.2 (£0.9) 252 (+0.9) 15.3 (£ 0.8) 17 (£ 0.9) 66.1 (£3.1) 12.7 (£ 2.6) 45 (+2.3)
AJCCIII 16 (+0.4) 59.4 (+1.1) 16.8 (£ 0.9) 79 (£0.7) 15 (£2.7) 53.3 (+7.2) 6.8 (£4.3) 0.0

IA vs IB P =0.000" P =0.000" P =0.000" P =0.000" P =0.014 P=0.158 P =0.014" P =0.035"
IB vs IIA P =0.000" P =0.010° P =0.000" P =0.000" P =0.001" P =0.014" P =0.030° P =0.023"
ITA vs IIB P =0.958 P =0.541 P=0.843 P =0.659 P=0.425 P=0.348 P =0.681 P=0.924
1IB vs 111 P =0.000" P =0.000" P =0.000" P =0.000" P =0.018" P=0.102 P =0.240 P =0.050
Prognostic comparison of different modified stages

Modified IA 38 (£ 3.6) 84.7 (£1.7) 51.7 (£ 2.5) 39.4 (£2.7) 32 (£5.3) 84.2 (£4.0) 45.4 (£ 6.6) 36.0 (x7.1)
Modified 1B 27 (+1.3) 80.7 (x1.2) 40.1 (+1.6) 27.6 (+1.6) 24 (£1.6) 79.0 (£2.9) 28.6 (+4.0) 20.9 (+4.0)
Modified ITA 25 (+1.4) 75.6 (£2.0) 36.3 (+2.3) 22,5 (x2.2) 21 (£3.3) 773 (£7.1) 22.1 (£7.6) 14.7 (+ 6.6)
Modified IIB 20 (+ 0.5) 69.7 (+1.0) 25.4 (+1.0) 15.7 (£ 0.9) 18 (£ 1.1) 67.1 (+3.4) 10.5 (+2.8) 41(£22)
Modified III 16 (+ 0.3) 60.0 (+0.9) 17.4 (£ 0.8) 8.6 (£0.7) 15 (£ 1.0) 56.2 (+ 4.5) 7.8 (£2.8) 0.0 (£0.0)
IA vs IB P =0.000" P =0.055 P =0.000" P =0.000" P =0.044" P=0.293 P =0.029° P =0.064
IB vs IIA P =0.008" P =0.029°" P=0.175 P =0.061 P=0.425 P=0.825 P =0.449 P=0422
ITA vs IIB P =0.000" P =0.008" P =0.000" P =0.004" P =0.043" P=0.19 P =0.152 P=0.128
1IB s 111 P =0.000" P =0.000" P =0.000" P =0.000° P =0.004" P =0.053 P =0.495 P =0.062

Values in parentheses are the standard error of median survival or standard error of survival rate.
P < 0.05. SEER: Surveillance, epidemiology, and end results; AJCC: American Joint Committee on Cancer.

group of patients whose variable CS extension labeled as 540, represented the patients
with tumor invading GDA, hepatic artery, pancreaticoduodenal artery, MPV, or
transverse colon but not invading the SMA, CA, aorta, or distant organs. The
inclusion of possible patients in whom tumors involved the transverse colon, hepatic
artery, or GDA without MPV invasion may have affected the results. However, in
clinical practice, MPV invasion occurs more often than transverse colon, hepatic
artery, and GDA infiltration. From the West China Hospital database, we included
689 patients with no postoperative pathology indicating transverse colon, hepatic
artery, or GDA invasion. Second, this study excluded patients in whom the number of
lymph nodes examined was 5 or less (1 = 836 in the SEER database and n = 69 in the
West China Hospital database) so that the population could be divided into three
groups, with the number of positive lymph nodes classified as 0, 1-3, and 4 or more.
According to the consensus reached at the ISGPS conference, the number of lymph
nodes examined in pancreatic cancer surgical specimens should be 15 or more, but
patients that met the requirement accounted for less than half (48.0%, n = 4022) in the
SEER cohort and 40.9% (n = 310) in the West China Hospital cohort. Complete
removal of these patients could make the results unable to represent the prognosis of
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pancreatic cancer patients in the real world. Next, the pathologic stage was assessed
after the first surgical approach. While standard therapies for borderline resectable
and unresectable pancreatic cancer include preoperative neoadjuvant chemotherapy,
it is unknown whether patients with downstaged tumors after neoadjuvant
chemotherapy display a similar survival function as those with resectable tumors at
the same stage. Therefore, we included only patients with resectable diseases in the
West China Hospital cohort. However, the SEER database provides no data about
resectability or whether patients received neoadjuvant therapy. Moreover, data from
this center were limited and may have had admission rate bias, which needs to be
verified with multicenter data.

In summary, this study found that the 8" edition of the AJCC pancreatic cancer
staging system still has two points that can be improved upon to predict prognosis:
First, the prognosis of patients with MPV invasion cannot be accurately evaluated;
second, the prognosis of patients with stage IIA and stage IIB is not different. We
demonstrated that tumors with MPV invasion should be incorporated into T3 stage
and developed an available modified staging system that outperformed the 8" edition
of the AJCC staging system for pancreatic cancer.

ARTICLE HIGHLIGHTS

Research background

The 8™ edition of the American Joint Committee on Cancer (AJCC) staging system for pancreatic
ductal adenocarcinoma (PDAC) excludes extrapancreatic extension from the assessment of T
stage and restages tumors with mesenterico-portal vein (MPV) invasion into T1-3 diseases
according to tumor size.

Research motivation

In recent studies, MPV invasion is believed to be correlated with a poor prognosis. It would be
useful for clinicians and researchers to study on whether the 8" edition of the AJCC staging
system of PDAC could accurately predict the prognosis of patients with MPV invasion.

Research objectives
To study whether the inclusion of MPV invasion can further improve the 8" edition of the AJCC
staging system for PDAC.

Research methods

This study retrospectively included 8" edition AJCC T1-3N0-2M0 patients undergoing
pancreaticoduodenectomy/ total pancreatectomy from two databases: 7539 patients from the
surveillance, epidemiology, and end results (SEER) database and 689 patients from the West
China Hospital database. Survival data were comprehensively analyzed.

Research results

This study showed that MPV invasion is an independent factor for predicting survival. The
prognosis of patients with MPV invasion cannot be accurately evaluated according to the 8™
edition of AJCC staging. The prognosis of patients with stage IIA and stage IIB was not different.
A modified staging system which restages tumors with MPV invasion into T3 diseases
outperformed the 8" edition of the AJCC staging system in predicting the prognosis of
pancreatic cancer.

Research conclusions

This study confirmed that MPV invasion is closely associated with the prognosis of PDAC
patients. However, the 8" edition of the AJCC staging could not accurately predict the prognosis
of patients with MPV invasion. We demonstrated that tumors with MPV invasion should be
incorporated into T3 diseases and developed an available modified staging system that
outperformed the 8" edition of the AJCC staging system in predicting the prognosis of PDAC
patients.

Research perspectives

The T stage of cancer is generally evaluated according to tumor diameter and local extension.
Previous staging system evaluated the T stage of pancreatic cancer with extrapancreatic
extension which is difficult to be determined, and is differently implemented in each center.
With the publication of the 8" edition AJCC cancer staging manual, extrapancreatic extension
was excluded from the assessment of T stage of pancreatic exocrine tumors, and the effect of
local extension on the prognosis has been neglected (except for artery invasion). The newest data
of the SEER database has no information about the extension. However, MPV invasion does
have impact on the survival of PDAC patients. We were inspired by the comparison of the
prognosis of patients with several different extrapancreatic tissue extensions. Not all the
extrapancreatic extension but certain type of local extension should be valued.
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