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Abstract

Background: Pancreatic cancer is one of the most malignant cancer types with poor
survival outcomes. Currently, physicians use the American Joint Committee on Cancer
(AJCC) staging system to classify patients into different subgroups with distinct
outcomes. However, the AJCC staging system classifies the majority of pancreatic
cancer patients into stage 111 and dramatic heterogeneity is observed among the patients.
The aim of this study is to provide precise classification systems by utilizing the clinical
variables and histological subtypes of pancreatic cancer in order to help clinicians to

make a better treatment plan.

Method: We retrieved the data from the Taiwan Cancer Registry (TCR) and the US-
based Surveillance, Epidemiology, and End Results (SEER). Stage-specific and
histological overall survival were analyzed by the Kaplan-Meier survival curves and
log-rank tests. Cox proportional hazard regression model was applied to determine the
predictive effects of clinical variables. Patients were further divided into subgroups with
distinct survival outcomes by using the classification and regression trees (CART). All

results were validated by the SEER data.

Results: Pancreatic cancer patients who underwent surgery showed significantly better
survival outcomes than those patients without surgery, suggesting that whether a patient
receives surgery is the most important factor. Subsequently, two clinical variables

including lymph nodes involvement and cancer grade showed significant associations.
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Regarding lymph nodes involvement, patients with N2 had a higher risk of mortality
(HR=2.30, 95%Cl, 1.71-3.08, P<.0001) than patients with NO. Based on grades, patients
with poorly-differentiated had a higher risk of mortality (HR=3.80, 95%Cl, 2.25-6.39,
P<.0001) than patients with well-differentiated. In accordance with the survival
outcomes of patients, we could divide them into different groups by interaction terms
with CART algorithm. The median survival times of the four groups were 23.5, 18.4,
14.5, and 9.0 months for ‘High’, ‘Moderately High’, ‘Moderately Low’, and ‘Low’
group, respectively (P<.0001). Histological subtypes were analyzed by previously
described pipelines. Eight histological subtypes of pancreatic cancer patients could be
classified into four different groups with distinct survival outcomes from high (Group1l)
to low (Group4). The 4-year survival rates of Groupl was 90%. The median survival of
Group2, Group3, and Group4 were 41.0, 13.5, and 5.4 months (P<.0001). Similar

results were observed by using the SEER data.

Conclusion: Among the stage Il pancreatic cancer patients, our results showed that
lymph nodes involvement and cancer grades are important predicting factors for the
survival outcomes. Further classification of pancreatic cancer patients based on their
histological information is another important predictor of the survival outcomes, and the
differences among these 4 groups are dramatically significant. In conclusion, taking the
clinical and histological information into consideration may help physicians to make

better therapeutic strategies.

Keywords: Pancreatic cancer, Histology, Taiwan Cancer Registry, SEER, Survival
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with stage information

Does patient
undergo surgery ?

s histological subtypes Yes ¥
exocrine tumor? .
509 patients 2,452 patients
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in this study in this study
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3. Transferring to other hospitals (N=138)
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. Good prognosis histological subtypes (N=121)
h J

3,361 patients in this study
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with pancreatic cancer with pancreatic cancer

Bl 1 %%k o R T TREE £ GEI R

R

25

doi:10.6342/NTU202001883



33,364 patients diagnosed with pancreatic
cancer in Jan. 1, 1995 to Dec. 31, 2017

No Is histological subtypes Yes

exocrine tumor?

1,314 patients diagnosed with 32,050 patients diagnosed
pancreatic cancer with pancreatic cancer

Exclude :
1. Under age 18 at diagnosis (N=51)
2. Carcinoma in situ (N=78)

3. Diagnosed day missing (N=23)
X
31,858 patients in this study

Eight histological subtypes

L4
1,357 patients in this study

Bl 2 %R o KT TR E R E IR
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IR RR A RA AR AR R R bRy

¥

92,804 patients diagnosed with pancreatic
cancer in Jan. 1, 2000 to Dec. 31, 2016

26,784 patients diagnosed with pancreatic
cancer in Jan. 1, 2010 to Dec. 31, 2015

Is histological subtypes
exocrine tumor?

Does patient
undergo surgery ?

v w
4,882 patients diagnosed 87,922 patients diagnosed i .
with pancreatic cancer with pancreatic cancer 4,399 patients 2.1,385 patients
with surgery without surgery
Exclude: : Exclude : Exclude :
1. Tumor size Missing (N=384) 1. Stage unknown (N=238) Stage unknown
: 2.7 i issing (M=109 N=2,402
2. Status missing (N=490) ; umar size missing (N=109) ! J
3. Diagnosed months missing[MN=18,455) : 4,552 patients 19,483 patients
4, Under age 18 at diagnosis (N=30) : in this study in this study
5. Good prognosis histological subtypes [N=525)
6. Receiving therapy beforesurgery (N=809)

67,229 patients diagnosed with
pancreatic cancer in Jan. 1,2000
to Dec. 31, 2016

Bl 3 &%k RREE e TR R (2010-2015) é 1F it 2.6
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92,804 patients diagnosed with pancreatic cancer
inlan. 1, 2000to Dec. 31,2016

Is histological subtypes Yes

exocrine tumor?

4,882 patients diagnosed 87,922 patients diagnosed with
with pancreatic cancer pancreatic cancer

Exclude :

1. Tumor size Missing (N=384)

2. Status missing (N=490)

3. Carcinoma in situ (N=384)

4,  Under age 18 at diagnosis (N=30)

5. Diagnosed months missing(N=18,455)

6. Receiving therapy before surgery (N=809) L

L
67,370 patients in this study
Eight histological subtypes

2,874 patients in this study

Bl 4 %R F RRRE E s 7R R (2000-2016) 3% i A2 F)
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(A)

Patients (N=3249)

(B)
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0.6 na

Oweralls survival (%)

0z
|

oo

— without surgery (n=2394)

T I I I I
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Months

' 0 10 20 30 40
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Months
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KM plot Stage8
KM plot Stage7
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yez | Grade=1,2 m

pn=n0, nl ~ chemo. =1

Size<25

Size<31
0.43 0.85 1.3 14 16 4.4
34 171 Ga 53 16 35

Bl 7 cBBEEepPE2 BEA AR 2 s 2 2 € 71 75

3 I Pn 2 H T BHIGRLA
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Cwerall survival (%)
04 0.6 0a 1.0

02

0.0

lymph nodes involvement and grade interaction

n0-Grade1 (N=17)
n0-Grade2 (N=159)
n0-Grade3 (N=41)
ni-Grade1 (N=24)
ni1-Grade2 (N=243)
ni-Grade3 (N=75)
n2-Grade1 (N=7)
n2-Grade2 (N=102)
n2-Grade3 (N=32)

—=-
i
T T T T T
0 10 30 40 50
Months since diagnosis
FEAREE T

FLRE 2% = o & ch # ¥ 3 7% gh Kaplan-Meier 4 17 ]
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Cverall survival (%)

(A)

1.0

06
|

0z
|

0.0

— Grade1 (N=17)
— Grade2 (N=150)
Grade3 (N=41)

T T T T T
10 20 30 40 50

Months since diagnosis

Cwverall survival (%)

(B)

1.0

0.8

0.6

0.4

0.z

0.0

—— Grade1 (N=24)
— Grade2 (N=243)
Grade3 (N=76)

T T T T T
10 20 30 40 50

Months since diagnosis

Crwverall survival (%)

(©)

1.0

na

08

0.4

0.2

0o

" — Grade1 (N=7)
— Grade2 (N=102)
Grade3 (N=32)

0 10 20 30 40 50

Months since diagnosis

Bl 9 ¢ B REE e R EA)FITNO T (B)HE NI T (C)HZN2 T 1 Kaplan-Meier 4 47 Bl
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(A)

Owerall survival (%)

1.0
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(B)
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(€)

Owerall survival (%)

1.0

0.8

0.6

0.4

0.2
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— 10 (N=41)
— n1(N=T6)
n2 (N=32)
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B 10 o BB EEwirELA)ATA T 2ETB)HEZA Y BT (C)F A L3 27T d1Kaplan-Meier 4 17 Bl

34

doi:10.6342/NTU202001883



nxg = n0-Grade1,n0-Grade2,n1-Grade1,n1-Grade2,n2-Grade1

nxg = n0-Grade1,n0-Grade2,n1-Grade1 nxg = n0-Grade3,n2-Grade2

0.59 p.oz 1.3 2.2
a0 122 84 81

NO-Gradel N1-Grade2 NO-Grade3 N1-Grade3
NO-Grade2 N2-Gradel N2-Grade2 N2-Grade3
N1-Gradel

B SRR LR D REIT IEY S
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c
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Overall survival (%)
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Eight histological subtypes

= ]
— 8020 (N=101)
= — 5070 (N=01)
e —— 8452 (N=163)
—— 8453 (N=226)
— 8470 (N=146)
= 8480 (N=300)
—— 8550 (N=153)
o —— 8560 (N=177)
g =]
™
=
=
z
=
z
& =« |
=
o
= X
L
| Sy
= ]
[e=]
T T T T T T
0 10 20 30 40 50

Months since diagnosis

B 16 & 8% % 5 7R R 284 & I 3] <0 Kaplan-Meier 4 17 §]

40

doi:10.6342/NTU202001883



(A)

0.062
10

Groupl

8452

hist = 8452 |, |

Group2

8453

hist = 8453

0.61 1.1
113 450

Group3
8470
8480

8559

hist = 8453,8470,8480,8550

23
240

Group4
8020
8070

8560

Survival probability

(B)

100%1 ¥

75% 1

50% 1

25% 1

0% 1

Group

Group1 (n=163)
—— Group2 (n=226)
Group3 (n=599)
Group4 (n=369)

p < 0.000%

10 20 30 40 50
Months

B 17 ¢ @Fp g e ol R ~ Bes L Al(A)R KA #5%5B) (B * o #%F 4~ # > 2 i Kaplan-Meier 4 17 §]

41

doi:10.6342/NTU202001883



(A)

1007 1

T9% 1
=
=
8

=4 50% 1
2
c
3
ol

25%: 1

0% 1

B 18 - RE

Hist.

8470 (n=146)
8480 (n=300)
8550 (n=153)

0 10 20 0 40 50
Maonths

(B)

100%

T5% 1
=
=
©
0
o

a 50% 1
™
=
c
=
wn

25% 1

0% 1

Hist.

8020 (n=101)
8070 (n=91)
8560 (n=177)

10 20 30 40 50
Months

F s R R A 28 (A)Group 3 (B)Group 4 ¢ & £ B ¢ Kaplan-Meier 4 47 B

42

doi:10.6342/NTU202001883



(A)

Overall survival (%)

Eight histological subtypes
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(A)

Survival probability
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01 Fofds it E

Dataset Year Sample(used) Stage information Reference
CERREEITAEL £ 2013-2017 5685(3269) With stage

[16,17]
o ERIEE TR £ 1995-2017 33364(31898) Without stage
FRBREECER 2000-2016 92804(67370)

[18]
EFRREE EER 2010-2015 26784(24035) AJCC7 same as TCR
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% 2 AJCC7 4= AJCC8 z. TNM th#_ik

AJCCS8

AJCC7

T1

T2

T3

T4

NO

N1

N2
MO
M1

size <20mm

20mms<size <40mm

size > 40mm

Tumor involves the celiac axis,

common hepatic artery or the

superior mesenteric artery

No regional lymph node

Metastasis in 1-3 lymph nodes

Metastasis> 4 lymph nodes
No distant metastasis
Distant metastasis

size < 20mm
size > 20mm

Tumor extends beyond the pancreas but without
involvement of the celiac axis or the superior mesenteric
artery

Tumor involves the celiac axis or the superior mesenteric

artery (unresectable primary tumor)

No regional lymph node

Regional lymph node metastasis
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# 3 AJCC7 v AJCC8 & e T 8P %] T_&

AJCC7 AJCC8
T N M T N M
T1 NO MO T1 NO MO
stage 1A
T2 NO MO T2 NO MO
stage 1B
stage Il A T3 NO MO T3 NO MO
stage 11 B T1.2.3 N1 MO T1.2.3 N1 MO
T4 any
stage Il T4 any MO MO
any N2
stage IV any any M1 any any M1

48

doi:10.6342/NTU202001883



24 CBRIEE TR Y O A 2 Rl it

. all with surgery without surgery
Variables
(n=3249) (n=855) (n=2394)
S male 1782 54.85% 481 56.26% 1301 54.34%
ex
female 1467 45.15% 374 43.74% 1093 45.66%
A < 60y 1047 32.23% 323 37.78% 724 30.24%
e
J > 60y 2202 67.77% 532 62.22% 1670 69.76%
1 98 3.02% 38 4.44% 60 2.51%
St 2 215 6.62% 29 3.39% 186 7.77%
age
: 3 1092 33.61% 726 84.91% 366 15.29%
4 1844 56.76% 62 7.25% 1782 74.44%
1 89 2.74% 66 7.72% 23 0.96%
2 705 21.70% 588 68.77% 117 4.89%
Grade 3 297 9.14% 163 19.06% 134 5.60%
4 14 0.43% 9 1.05% 5 0.21%
NA 2144 65.99% 29 3.39% 2115 88.35%
yes 2219 68.30% 536 62.69% 1683 70.30%
Chemotherapy
no 1030 31.70% 319 37.31% 711 29.70%
o yes 406 12.50% 104 12.16% 302 12.61%
Radiation therapy
no 2843 87.50% 751 87.84% 2092 87.39%
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% 5 ok ETF LTS = I 4 coxregression & %

Variables HR P value 95% ClI
Continuous variables
Age 1.01 0.08 0.99-1.01
Tumor size 1.00 0.44 0.99-1.00
Categorical variables
male - - -
Sex
female 0.99 0.96 0.80-1.22
1 - - -
Grade 2 1.70 0.04 1.03-2.79
3 3.80 <0.0001 2.25-6.39
0 - - -
Lymph nodes
) 1 1.52 <0.0001 1.18-1.94
involvement (pn)
2 2.30 <0.0001 1.71-3.08
Without - - -
Chemotherapy )
With 0.58 <0.0001 0.46-0.72
) Without - - -
Radiotherapy )
With 0.99 0.93 0.70-1.36
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06 R A B Lok T REAGER T A

Gradel Grade2 Grade3

NO
N1
N2

17 159 41
24 243 76
7 102 32
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07 Ao T BHACRAR 2 23 T HHicik ik S %

n0-Gradel  n0-Grade2  n0-Grade2 n0-Grade2  n0-Grade2 nO-Grade2  n0-Grade2  nO-Grade2
n0-Grade2 0.361 - - - - - - -
n0-Grade3 0.039 0.005 - - - - - -
nl-Gradel 0.956 0.192 0.010 - - - - -
nl-Grade2 0.102 0.027 0.103 0.027 - - - -
nl-Grade3 0.002 <0.0001 0.124 <0.0001 <0.0001 - - -
n2-Gradel 0.177 0.355 0.773 0.107 0.845 0.353 - -
n2-Grade2 0.011 <0.0001 0.956 0.004 0.020 0.020 0.884 -
n2-Grade3 <0.0001 <0.0001 0.117 <0.0001 <0.0001 0.698 0.182 0.014
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%08 A K4 L (ANO (B)NT (CN2 & #ig A i b 2 S it e % 6 &

(A)

Gradel Grade2
Grade2 0.301 -
Grade3 0.031 0.005
(B)

Gradel Grade2
Grade2 0.008 -
Grade3 <0.0001 <0.0001
(©)

Gradel Grade2
Grade2 0.834 -
Grade3 0.198 0.016
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2 9 A kirdl At 2 EB) AT BO)A T F AT BT REERE L HEARREE

(A)

NO N1
N1 0.931 -
N2 0.184 0.184
(B)

NO N1
N1 0.013 -
N2 <0.0001 0.011
(€)

NO N1
N1 0.124 -
N2 0.124 0.601
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10 2 PR E e PR B4R S 5% = s 4 cox wiF TS %

Variables HR P value 95% ClI

Continuous variables

Age 1.01 <0.0001 1.00-1.01

Tumor size 1.01 <0.0001 1.00-1.00
Categorical variables

male - - -
Sex

female 1.05 0.28 0.96-1.13

1 - - -
Grade 2 1.54 <0.0001 1.32-1.79

3 1.93 <0.0001 1.65-2.24

0 - - -
lymph nodes
) 1 1.44 <0.0001 1.29-1.59
involvement (pn)

2 1.84 <0.0001 1.65-2.05

Without - - -
Chemotherapy )

With 0.54 <0.0001 0.48-0.58

) Without - - -

Radiotherapy )

With 0.88 0.01 0.80-0.97
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211 &R F e £ A e A A

Hist oy Y i ikt HFEP

8140 Adenocarcinoma, NOS 3% ’Jﬁl«‘f%» 15768 49.56%
8000 Neoplasm, malignant R R R 6583 20.69%
8010 Carcinoma, NOS AP T A Bk 2 RO 2653 8.34%
9990  No microscopic confirmation F S T R 2502 7.86%
8500 Invasive carcinoma of no special type R R R 2440 7.67%
8480 Mucinous adenocarcinoma Ak % H'%‘}% 300 0.94% %
8453 Intraductal papillary-mucinous carcinoma, invasive # g pb 5t Rk 3ER 1% 226 0.71% Y
8560 Adenosquamous carcinoma 5%, B]R@E)E'r 177 0.56% Vv
8452  Solid pseudopapillary carcinoma RCR BT R R 163 0.51% Y
8470 Mucinous cystadenocarcinoma, NOS EINEER R 153 0.48% Y
8550 Acinar cell carcinoma R Hij‘ué" m e R 146 0.46% Y,
8020 Carcinoma, undifferentiated type, NOS A A1 A 2 R 101 0.32% Vv
8070 Squamous cell carcinoma, NOS Bk fn P2 VR 91 0.29% %
8440 Cystadenocarcinoma, NOS ¥ 5% BJ]UE% 60 0.19% %

Other H E.]%‘*« A i 454 1.43%
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