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Abstract

Background: Few studies have delved into the prevalence of distant metastasis (DM +) and survival for patients with
lymph node metastases (LN +) by primary site. We aimed to detect differences in distant metastasis and prognosis
between pancreatic head and bodytail tumors for LN + patients.

Methods: Patients with chemotherapy, histologically diagnosed, primary site between 2004 and 2016 were included
from the SEER (Surveillance, Epidemiology, and End Results) database. Pancreatic head tumors were compared with
pancreatic bodytail tumors using the odds ratio (OR) for rates of distant metastasis, hazard ratios (HR) for overall
survival (OS) and cancer-specific survival (CSS). The competing risk model and propensity score matching (PSM) were
performed to further explore.

Results: Of 5726 LN + patients identified from the SEER database, pancreatic head tumors account for 85.2% (4877
of 5726) and 14.8% (849 of 5726) were pancreatic bodytail tumors. The incidence of DM was lower in pancreatic head
than in pancreatic bodytail tumors (OR, 0.29; 95% Cl 0.23-0.37; P<0.001). The multivariate Cox regression show pan-
creatic head tumors have a significantly shorter survival rate relative to pancreatic bodytail (HR, 1.12; 95% Cl 1.03-1.22;
P=0.008), but the primary site was not a significant independent risk factor for prognosis by log-rank test (P=0.39)
and multivariate competing risk model [subdistribution HR (SHR), 1.08; 95% Cl 0.98-1.19; P=0.087] We then exam-
ined our conclusion by 1:1 propensity score matching, and the result reflected pancreatic head tumors have a lower
risk of DM compared with pancreatic bodytail tumors (OR, 0.22; 95% CI 0.15-0.34; P<0.001), but the primary site of
pancreatic tumors was not associated with LN + patient survival based on univariate Cox regression (HR, 1.04; 95% Cl
0.93-1.17; P=0.435) and competing risk analysis (SHR, 1.01; 95% Cl 0.89-1.12; P=0.947).

Conclusions: LN+ pancreatic head tumors were significantly lower risk of DM relative to pancreatic bodytail tumors.
Survival outcome in LN + pancreatic tumors didn't exist significant differences split by primary site, which indicates
that the prognosis of LN 4 patients with chemotherapy isn't associated with the primary site of metastasis, but with
the occurrence of metastasis.
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Background malignant tumors from non-invasive precursor [1]. How-
Pancreatic tumor was considered to generate from well-  ever, the progression from early to middle even advanced
defined precursor, and it needs many years to develop stage was very fast. In most cases, because pancreatic

tumor is difficult to detect and the early symptoms are
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aren’t amenable to surgical resection [2, 3]. Though rate
of early diagnosis improving was urgent, it is also very
important to better understand the occurrence for dis-
tant metastases and promote the correct treatment strat-
egy for patients in a timely manner. Tumor size was an
independent risk factor for the occurrence of distant
metastasis in pancreatic cancer, and the size of less than
5 cm was higher rate of distant metastasis compared with
other size [4]. Previous study also has reported that the
younger age, sex, larger size, low ALT and high CA19-9
are thought to be associated with distant metastasis [5].
Unluckily, so far very few studies have explored the risk
factors of distant metastasis for LN 4 pancreatic tumors.
Factors related to distant metastasis of pancreatic cancer
have not been conclusively determined.

Lots of studies have indicated that right and left colon
tumors have different clinical survival features [6-8],
implying that carcinogenesis may occur variation in dif-
ferent primary locations of the same tumor. The pancreas
was composed of multiple anatomic regions including
head, body and tail. Whether the primary site has an
impact on the prognosis of pancreatic tumors remains
controversial. The 3 year survival rate for pancreatic
bodytail is higher compared with that pancreatic body
tumors in local stage (20 versus 9%), while the survival
rate of pancreatic body was higher than that of pancre-
atic head tumor with regional (6.7 versus 7.6%) or distant
metastasis (1.4 versus 1.8%) [9]. Another study reported
the survival of pancreatic body tumor was higher sur-
vival rate compared with pancreatic head tumor in stage
I, and lower in stage II-1V, as for pancreatic tail tumor,
the survival rate was higher than pancreatic head tumor
in all stages [10]. However, Birnbaum and his colleague
thought no matter which stages the pancreatic tumor is
in, the overall survival was better for the head than for
bodytail tumors [11]. In contrast, other studies present
that survival rate between head and bodytail tumors
was similar [12, 13]. These studies focusing on the asso-
ciation between the primary site and clinical outcome are
extremely controversial [14, 15].

In this study the patients from the SEER database were
used to analyze whether the primary site was associ-
ated with DM rate and survival rate. The risk factors for
distant metastasis and survival rate were also explored
based on multivariate regression. Our conclusion was
examined by propensity matching score.

Methods

Patients and methods

Anonymized patient-level data were obtained from Sur-
veillance, Epidemiology, and End Results (SEER) database
by the National Cancer Institute’s SEER*Stat software
based on a private ID. We screened patients aged 18 or
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more with lymph node metastasis (LN+) diagnosed
between 2004 and 2016. The SEER program collected
data on the incidence and survival from US regions
accounting for 28% of national population [16]. We
enrolled the samples of primary pancreatic tumor with
histology diagnosis or microscopically confirmed diag-
nosis. Tumor stage was coded according to the Ameri-
can Joint Committee on Cancer (AJCC) TNM staging
system, 7th edition [17]. Patients with cancer diagnosed
on autopsy or death certificate were excluded and we also
excluded patients with Stage I and Stage IIA. Patients
without chemotherapy were excluded from our study.

Statistical analysis

The primary endpoint was the distance metastasis (DM),
overall survival (OS) and cause-specific survival (CSS).
The main explanatory variable was survival after chem-
otherapy, split by the primary site (Head and Bodytail).
The differences between demographic groups were tested
by using the Chi-square test. Multivariate logistic regres-
sion was conducted to analyze potential risk factors for
DM and obtain the odds ratio (OR) with 95% confidence
interval (CI). Kaplan—Meier survival curves were used
to calculate the 1 year and 3 year OS and CSS rate, and
the difference between pancreatic head and bodytail was
examined by the log-rank test. The association between
all variables and survival rate for LN + patients was eval-
uated using Cox proportional regression model, with
results reported by hazard ratios (HRs) and 95% confi-
dence intervals (CIs). When we considered the death not
related to pancreatic tumors, the competing risk regres-
sion model was considered as a useful tool to Cox regres-
sion which could avoid unbiased hazarded ratio. Then,
we explored the risk factors for survival rate using com-
peting risk regression, with results reported by subdistri-
bution hazard ratio (SHRs) and 95% confidence intervals
(CIs).

To avoid selecting bias, propensity-score matching
(PSM) was performed to compare distant metastasis
and survival rate between pancreatic head and body-
tail tumors. Matching was based on propensity scores
obtained by logistic regression model and using one-
to-one nearest neighbor matching as the dependent
variable. Match tolerance of 0.01 was used as the cut-off
value and satisfactory matching was obtained under cir-
cumstance of the standardized difference in means <0.1.
We used univariate logistic regression and Chi-square
test to explore the relationship of the primary site with
the status of DM based on selected samples after PSM.
For the survival rate between pancreatic head and body-
tail tumor, comparison of two subgroups was performed
with the log-rank test, univariate Cox regression, and vis-
ualized with Kaplan—Meier plots.
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Fig. 1 Flowchart of selection of LN + patients with pancreatic tumors
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Table 1 Patients clinical features of LN + pancreatic tumors and distant metastasis
Total No distance metastasis Distance metastasis P value
Age <0.001
18-49 21(9.0) 464 (8.7) 7(13.9)
50-59 1412 (24. ) 1289 (24.2) 123 (30.1)
60-69 2074 (36.2 1948 (36.6) 126 (30.8)
>70 719(300) 1616 (30.4) 103 (25.2)
Sex, no. (%) 0.730
Male 2973 (51.9) 2764 (52.0) 209 (51.1)
Female 2753 (48.1) 2553 (48.0) 200 (48.9)
Race, no. (%) 0.384
White 4710 (82.3) 4377 (82.3) 333(814)
Black 592 (10.3) 553 (104) 39(9.5)
Other 424 (7.4) 387(7.3) 379.1)
Marital status, no. (%) 0.090
Never married 709 (12.4) 657 (12.4) 52(12.7)
Married 3868 (67.6) 3576 (67.3) 292 (71.4)
Divorced/widowed 1149 (20.1) 1084 (20.4) 65 (15.9)
Size, no. (%) <0.001
<2cm 716 (12.5) 689 (13.0) 27 (6.6)
<4cm 3498 (61.1) 3294 (62.0) 204 (49.9)
>4.cm 1512 (26.4) 1334 (25.0) 178 (43.5)
Differentiation, no. (%) <0.001
Well 477 (8. ) 436 (8.2) 41 (10.0)
Intermediate 2590 (45.2 2464 (46.3) 126 (30.8)
Poor/undifferentiated 2133 (37. 3) 1994 (37.5) 139 (34.0)
Missing 526(9.2) 423 (8.0) 103 (25.2)
Lymph node ratio, no. (%) <0.001
1-25% 3466 (60.5) 3300 (62.1) 166 (40.5)
26-50% 1505 (26.3) 1396 (26.3) 109 (26.7)
>50% 755(13.2) 621 (11.7) 134 (32.8)
Number of malignant mass, no. (%) 0.047
1 5493 (95.9) 5093 (95.8) 400 (97.8)
>1 233 (4.1) 224 (4.2) 9(2.2)
Primary site no. (%) <0.001
Pancreas head 4877 (85.2) 4613 (86.8) 264 (64.5)
Pancreas body tail 849 (14.8) 704 (13.2) 145 (35.5)
Stage, no. (%) <0.001
1B 5003 (87.3) 5003 (94.1) 0
Il 314 (5.5) 314 (5.9) 0
\Y 409 (7.2) 0 409 (100%)
All analyses were performed with IBM Stata (Version  Results

16.0, StataCorp LLC), R statistical software (version 3.5.2,
StataCorp LLC, College Station,Tex), and propensity
score matching was conducted with SPSS (version 22.0,
IBM Corp, Armonk, NY), with 2-sided p value less than
0.05 considered statistically significant.

Patient demographic and tumor characteristics

We obtained 5726 samples who comply with the screen-
ing criteria (Fig. 1), in which there were 409 (7.1%)
patients with distant metastasis (DM +) and 5317 (92.9%)
with free distant metastasis. 2—4 ¢m tumors were most
common in patients with lymph node positivity (3498
of 5726, 61.1%), compared with <2 c¢m tumors (716 of
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Table 2 Patients clinical features of LN + pancreatic tumors split by primary site
Total Pancreas head Pancreas body tail P value
Age group, no. (%) 0.293
18-49 521 (9.1) 434 (8.9) 87 (10.2)
50-59 1412 (24.7) 5(24.9) 197 (23.2)
60-69 2074 (36.2) 1778 (36.5) 296 (34.9)
>70 1719 (30.0) 1450 (29.7) 269 (31.7)
Sex, no. (%) 0.022
Male 2973 (51.9) 2563 (52.6) 410 (48.3)
Female 2753 (48.1) 2314 (47.4) 439 (51.7)
Race, no. (%) 0.104
White 4710(82.3) 4032 (82.7) 679 (80.0)
Black 592 (10.3) 488 (10.0) 104 (12.2)
Other 424 (7.4) 357(7.3) 67 (7.9)
Marital status, no. (%) 0.310
Never married 709 (12.4) 603 (12.4) 106 (12.5)
Married 3868 (67.6) 3279 (67.2) 589 (69.4)
Divorced/ widowed 1149 (20.1) 995 (20.4) 154 (18.1)
Size, no. (%) <0.001
<2cm 716 (12.5) 662 (13.6) 54 (6.4)
<4cm 3498 (61.1) 3135(64.3) 363 (42.8)
>4cm 1512 (26.4) 1080 (22.1) 432 (50.9)
Differentiation, no. (%) 0.551
Well 477 (8. ) 399(8.2) 78 (9.2)
Intermediate 2590 (45.2 2197 (45.0) 393 (46.3)
Poor/undifferentiated 2133 (37. 3) 1833 (37.6) 300 (35.3)
Missing 526(9.2) 448(9.2) 78(9.2)
Lymph node ratio, no. (%)
1-25% 3466 (60.5) 2923 (59.9) 543 (64.0) 0.019
26-50% 1505 (26.3) 1315 (27.0) 190 (22.4)
>50% 755(13.2) 639 (13.1) 116 (13.7)
Number of malignant mass, no. (%) 0.305
One 5493 (95.9) 4684 (96.0) 809 (95.3)
More than one 233 (4.1) 193 (4.0) 40 (4.7)
Distance metastasis, no. (%) <0.001
No 5317 (92.9) 4613 (94.6) 704 (82.9)
Yes 409 (7.1) 264 (5.4) 145 (17.1)
Stage, no. (%) <0.001
1B 4917 (85.8) 4277 (87.7) 640 (75.5)
Il 302 (5.3) 258 (5.3) 44(5.2)
\Y 507 (8.9) 342 (7.0) 165 (19.3)

5726, 12.5%) and>4 cm tumors (1512 of 5726, 26.4%).
The lymph node ratio was at an increasing trend in
DM + patients. 17.7% (134 of 755) patients with >50%
lymph node ratio was DM + patients, while 7.2% (204
of 3498) patients with 25-50% lymph node ratio was
DM + patients and 4.7% patients (166 of 3466) with <25%
lymph node ratio was DM + patients. More detail can be
obtained from Table 1. We split the LN + patients by the

primary site to explore the DM + difference between pan-
creatic head and bodytail tumors (Table 2), LN + patients
with pancreatic bodytail tumors occur distant metastasis
with a higher probability compared with pancreatic head
tumors (17.1 versus 5.4%). We found 2—4 cm pancreatic
head tumors are more common (3135 of 4877, 64.3%),
while more common size of pancreatic bodytail tumors
was larger than 4 cm (432 of 849, 50.9%). Men have a
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%ubgroup No.of patients; ! OR(95%CIl) P value
e 1 1
198—49 521 . ° ; 1 [Reference]
50-59 1412 ) [—— | 0.80(0.56,1.15) 0.227
60-69 2074 | e | 0.57(0.40,0.81) 0.002
>=70 1719 ] : 0.55(0.38,0.79) 0.001
Race
White 4710 ! ° ' 1 [Reference
Black 592 ' —— ! 0.88(0.60,1.27) 0.485
Other 424 ' —— 1.29(0.89,1.88) 0.184
Sex . .
Female 2753 i ® X 1 [Referenceg
Male 2973 1 —o— ' 0.88(0.71,1.09) 0.241
Marital status
Never married 709 ' ° ' 1 [Reference
Married 3868 | —— | 1.04(0.75,1.44) 0.831
Divorced/Widowed 1149 , —— ' 0.84(0.56,1.26) 0.404
Site
Bodytail 849 ! ° ' 1 [Reference
Head 4877 Lo ' 0.29(0.23,0.37) <0.001
Size : :
<=2cm 716 \ ° ' 1 HReference]
<=4cm 3498 ) —_—— 1.518(0.99,2.31) 0.052
>4cm 1512 , —_—— 2.30(1.49,3.55) <0.001
Differentiation
Well 477 ' L] ! 1 [Reference
Intermediate 2590 e ! 0.56(0.38,0.83) 0.003
Poor/undifferentiated 2133 . —— , 0.76(0.52,1.11) 0.152
Missing 526 , —_— 2.02(1.34,3.05) 0.001
Lymph node ratio
1%—-25% 3466 ' ° ' 15[Reference
26%-50% 1505 ' —— 1. 951.23,2.0 g <0.001
>50% 755 ' ! ——o———— 3.45(2.65,4.49) <0.001
No. of malignant mass
one 5493 1 ° X 1 Referenceg
more than one 233 —— : . . .0' 8(0.29,1.16) 0.123
0 0.5 1 2 3 35 4 42545
Fig. 2 Forest plot to visualize odds ratio of risk factors for distance metastasis for 5726 LN + patients

higher frequency of pancreatic head tumors (2563 of
4877, 52.6%), and women developed pancreatic bodytail
tumor with a higher probability (439 of 849, 51.7%). Fur-
thermore, median follow-up of entire 24.8 months with
range from 1 to 155 for all pancreatic tumors. Of these,
the pancreatic bodytail was 24.9 months with range from
1 to 154, and head was 24.7 months with range from 1 to
155.

Analysis of risk factors for distant metastasis of pancreatic
tumors

We explore risk factors for distant metastasis in
LN + patients with pancreatic tumors by a multivariate
logistic regression. The incidence of DM was lower in
pancreatic head than in pancreatic bodytail tumors (OR,
0.29; 95% CI 22.8-36.8%; P<0.001). For LN+ patients
with poorly differentiated levels, distant metastasis does
not differ between pancreatic head cancer and pancreatic
bodytail tumors (OR, 0.75, 95% CI 51.6—-110%; P=0.153).
More details could be found from Fig. 2. To further

identify whether there are differences in risk factors in
different primary site, we split the patients into two sub-
groups and then perform the multivariate logistic analy-
sis separately. Age over 60 years is a risk factor of distant
metastasis for LN + pancreatic head tumors, but for pan-
creatic bodytail tumors, the incidence of distant metas-
tasis was found to not be a risk factor to patients aged
60—70 (P=0.120). Interestingly, only pancreatic bodytail
tumor with moderately differentiated cell type was asso-
ciated with DM, and the degree of tumor differentiation
doesn’t have any effect on DM of LN + pancreatic head
tumors. More detail could be found from Fig. 3a, b.

We found the DM +incidence of pancreatic head
tumors was significantly different from that of pancreatic
bodytail tumors from Fig. 2. However, while we com-
pared the DM incidence of pancreatic bodytail tumors
with that of pancreatic head with more than one malig-
nant mass, the results show that primary site had no
relevance to the DM incidence (OR=0.894, 95% CI
17.2-463.7%; P=0.894). Furthermore, older age, larger
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a Subgroup No.of patients: ; OR(95%CI) P value
e | :
1% -49 434 ‘ [ : 1 [Reference
50-59 1215 : —— ' 0.88(0.57,1.36) 0.570
60-69 1778 Lo—e— ' 0.54(0.35,0.84) 0.006
>=70 1450 L —e— ' 0.62(0.40,0.97) 0.037
Race | :
White 4032 | ° | 1 [Reference%
Black 488 : —— ' 0.90(0.57,1.42) 0.652
Other 357 : —_—— 1.43(0.92,2.22) 0.113
Sex
Female 2314 ' ° ' 1 [Reference
Male 2563 ! —— ! 0.74(0.57,0.97) 0.028
Marital status
Never married 603 : 4 : Reference
Married 3279 ' —— ' 0. 9 (0.65,1.43) 0.841
Divorced/Widowed 995 ' —— ! 0. 90(0 56,1 44) 0.650
Size i :
<=2cm 662 | ° | 1 [Reference
<=4cm 3135 ‘ —_—— 1.66(1.04,2.66) 0.035
>4cm 1080 : —_— 1.99(1.20,3.30) 0.008
Differentiation
Well 399 : ° ' 1 [Reference
Intermediate 2197 " —— I 0.70(0.43,1.15) 0.160
Poor/undifferentiated 1833 ' —_— : 0.87(0.53,1.43) 0.577
Missing 448 ' ; 2.43(1.44,4.10) 0.001
Lymph node ratio
1%—-25% 2923 ! [ ! 1 [Reference
26%-50% 1315 ' —— 1.67(1.22,2.29) 0.001
>50% 639 ' ' —————3.93(2.86,5.40) <0.001
No. of malignant mass
one 4684 ) ° ] 1 [Reference
more than one 193 —_— . .0'80(0‘37'1'7 ) 0.574
0 05 1 2 3 4 42545
b
Subgroup No.of patients ! OR(95%CI) P value
e | :
1 -49 87 ‘ [ ‘ 1 [Referencei
50-59 197 | —— ' 0.66(0.35,1.24) 0.195
60-69 296 L —— ' 0.61(0.33,1.14) 0.120
>=70 269 L —— ! 0.40(0.21,0.76) 0.005
Race : :
White 678 | ° | 1 [Reference
Black 104 L —— 0.92(0.48,1.74) 0.789
Other 67 L —— 1.02(0.49,2.12) 0.965
Sex
Female 439 ' ° ' 1 [Reference‘l
Male 410 ! — 1.36(0.92,2.01) 0.126
Marital status
Never married 106 1 ° ‘ 1 [Reference%
Married 589 ' —_—— 1.26(0.69,2.31) 0.454
Divorced/Widowed 154 Lo—— ' 0.65(0.30, 1 .45) 0.293
Size : :
<=2cm 54 | ° | 1 [Reference
<=4cm 363 | —— 0.98(0.38,2.58) 0.973
>4cm 432 : v 2.50(0.98,6.35) 0.051
Differentiation
Well 70 ' ° ' 1 [Reference
Intermediate 393 | —— ' 0.37(0.19,0.70) 0.002
Poor/undifferentiated 300 | —— ' 0.56(0.30,1.07) 0.079
Missing 78 ' —_—— 1.40(0.67,2.94) 0.374
Lymph node ratio
1%—25% 543 ' [ ' 1 [Referencel
26%-50% 190 ' — 1.39(0.87,2.21) 0.172
>50% 116 ! . 2.63(1.60,4.32) <0.001
No. of malignant mass
one 809 : ° ‘ Reference
more than one 40 = H 0 27(0.06,1.19) 0.083
2

0

3

4 425 45

Fig. 3 Forest plot to visualize odds ratio of factors for distance metastasis for 4877 LN + patients with pancreatic head tumors (a) and 849

LN+ patients with pancreatic bodytail tumors (b)
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Subgroup No.of patients; ! OR(95%CI) P value
Age " :
18-49 101 ' ° ! 1 [Reference
50-59 233 . —— ' 0.66(0.36,1.23) 0.196
60-69 379 | —— ' 0.58(0.32,1.05) 0.074
>=70 329 | — . 0.42(0.22,0.79) 0.007
Race
White 838 ' ° ' 1 [Reference
Black 127 P ——— 0.91(0.49,1.69) 0.758
Other 77 ! —_— 1.10(0.54,2.22) 0.790
Sex
Female 535 \ ° . 1 [Reference
Male 507 ! —— 1.35(0.92,1.97) 0.120
Marital status
Never married 139 ' ° ' 1 [Reference
Married 717 H —_— 1.2420.69,2.2 g 0.471
Divorced/Widowed 186 —— 0.67(0.31,1.44) 0.300
Site
Bodytail 849 ! ° ' 1 [Reference
Head 193 ' . 0.89(0.17,4.64) 0.894
Size | :
<=2cm 86 : ° ' 1 [Reference J
<=4cm 488 1 T 1.18(0.46,3.01) 0.736
>4cm 468 , - 2. 94(1 17.7. 34) 0.021
Differentiation
Well 96 ' ° ! 1 [Reference
Intermediate 486 | —— ' 0.41(0.22,0.77) 0.006
Poor/undifferentiated 366 | —— : 0.60(0.32,1.12) 0.109
Missing 94 , T 1.48(0.72,3.04) 0.292
Lymph node ratio
1%—25% 678 ! ° ' 1 [Reference]
26%—-50% 230 ' —_— 1.5150.97,2.37; 0.070
>50% 134 ' . . 2.80(1.73,4.51) <0.001
No. of malignant mass
one 809 1 ° . 1 [ReferenceJ
more than one 233 =_— : . . — I0.28(0.06,1.2 ) 0.088
0 05 1 2 3 35 4 42545
Fig. 4 Forest plot to visualize odds ratio of factors for distance metastasis for 1042 LN + patients with pancreatic bodytail and more than one mass
head tumors

size, and higher lymph node ratio were proved to be
independent risk factors once again based on subgroup
analysis (Fig. 4).

Survival analysis of LN + pancreatic tumors based

on different primary site

The Kaplan—Meier survival curve was plotted to com-
pare the overall survival (OS) and cancer-specific
survival (CSS) of the pancreatic head with that of pan-
creatic bodytail tumors. The results demonstrate that
LN + patients with pancreatic head tumors had the 1 year
and 3 year OS at 70.6% (95% CI 69.3-71.8%) and 23.5%
(95% CI 22.3-24.8%), respectively. For patients with pan-
creatic bodytail tumors, the 1 year and 3 year OS were
69.1% (95% CI ,65.8-72.1%) and 26.4% (95% CI 23.3—
29.7%). Similar results also were found while we explore
the CSS of two different sites pancreatic tumors. Interest-
ingly, the results of log-rank test indicated there was no
significant differences in the OS and CSS of two primary

sites of pancreatic tumors. More details are available
from the Fig. 5a, b.

A multivariable Cox regression analysis was performed
to explore the risk factors for OS. The results showed
that the primary site was a significant independent fac-
tor (HR, 1.12; 95% CI 1.03-1.22; P=0.008), which shows
the opposite result. The DM of pancreatic tumors was a
very strong risk factor associated with the prognosis of
patients (HR, 1.59; 95% CI 1.42-1.78; P<0.001). Older
age was also a risk factor (HR, 1.15; 95% CI 1.03-1.29;
P=0.010). As for race, the black people have more sig-
nificant shorter OS compared with that of white people
(HR, 1.15; 95% CI 1.04-1.26; P=0.004), while other races
show the similar OS compared with white people (HR,
0.96; 95% CI 0.86—1.08; P=0.595). More details are avail-
able from the Fig. 6a. While we explore the risk factor to
CSS, the similar results were found from Fig. 6b.

Considering bias due to death not related to pancre-
atic tumors, we performed a multivariate competing risk
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Fig. 5 The 1 year and 3 year overall survival (a) and cancer-specific survival (b) of patients with LN + pancreatic tumors split by primary site

regression to explore the risk factors of survival rate. The
results reflected an interesting thing that the pancre-
atic head tumors have a similar survival rate compared
with that of pancreatic bodytail tumors (SHR=1.08;
95% CI 0.98-1.18; P=0.087). Age isn't the risk factor
for LN+ patients. The gender (p=0.047), tumor size
(<0.001), grade (<0.001), distance metastasis (p<0.001),
LNR (p<0.001) and the number of malignant mass
(p<0.001) were the dependent risk factors. More details
are available from the Table 3.

Pancreatic head tumors versus pancreatic bodytail tumors

after propensity score matching

1544 patients were obtained after 1:1 matching, includ-
ing 772 pancreatic head tumors and 772 pancreatic
bodytail tumors. The relative multivariate imbalance L1
statistic value after matching is 0.231, far less than 0.515
before matching, indicating a good match. As shown in
Table 4, distribution of variates was adequately balanced
in matched data set. Logistic regression analysis was con-
ducted to explore the correlation between the primary
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Cancer-specific survival curves
Based on Kaplan-Meier estimates
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Fig. 5 continued

Time in months

site of LN+ pancreatic tumors and the occurrence of
distant metastases. Pancreatic head tumors have a lower
risk of DM compared with pancreatic bodytail tumors
(OR, 0.22; 95% CI 0.15-0.34; P<0.001). A significant dif-
ference in the incidence of DM was also found between
the pancreatic head tumors and pancreatic bodytail
tumors by Chi-square test (P<0.001). Univariate Cox
regression analysis was performed to explore the corre-
lation between the survival rate and the primary site of
LN + pancreatic tumors. There was also no difference in

survival rate between pancreatic head tumors and pan-
creatic bodytail tumors (HR, 1.04; 95% CI 0.93-1.17;
P=0.435). Similar results were found while we perform
the competing risk regression (SHR, 1.01; 95% CI 0.89—
1.12; P=0.947). The primary site of pancreatic tumors
was not associated with survival rate, which was demon-
strated again by log-rank test and plotted by the Kaplan—
Meier survival curve. More details are available from the
Fig. 7a, b.
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Subgroup No.of patients ' HR(95%CIl) P value
Age ‘ '
18-49 521 ! ° ! 1 [Reference]
50-59 1412 ' o ' 0.95(0.85,1.06) 0.372
60-69 2074 ! o ' 1.05(0.94,1.17) 0.365
>=70 1719 : e ' 1.05(0.94,1.17) 0.010
Race . .
White 4710 . ° , 1 [Reference;
Black 592 ' o ' 1.15(1.05,1.27) 0.004
Other 424 ' o ' 0.97(0.86,1.09) 0.595
Sex
Female 2753 ' [ ' 1 [Reference
Male 2973 - 1.09(1.02,1.15) 0.006
Marital status : :
Never married 709 ! (] ! Reference
Married 3868 ' 1o ! O 97(0.88,1.06) 0.472
Divorced/Widowed 1149 ! o ' 1. 04(0 93'1. 16) 0.484
Site | )
Bodytail 849 ' ° , 1 [Reference]
Head 4877 : o . 1.12(1.03,1.23) 0.008
Size
<=2cm 716 ' [ ] 1 [Reference
<=4cm 3498 ! o ' 21(1.11,1.33) <0.001
>4cm 1512 ! - 35(1.22,1.50) <0.001
Differentiation
Well 477 , ° , 1 [Reference]
Intermediate 2590 ' e 1.38(1.23,1.54) <0.001
Poor/undifferentiated 2133 ' ——! 1.70(1.52,1.91) <0.001
Missing 526 ! —.— 1.53(1.33,1.77) <0.001
Distance metastasis | |
No 5317 ' ° , 1 [Reference]
Yes 409 : —.— 1.60(1.43,1.78) <0.001
Lymph node ratio
%—25% 3466 ' ° ' 1 [Reference
26%-50% 3505 ! o ' 1.34(1.25,1.43) <0.001
>50% 755 : el 1.77(1.62,1.93) <0.001
No. of malignant mass
One 5493 : ° : 1 [Reference
More than one 233 — H . .0' 3(0.45,0.62) <0.001
0 05 1 2 3 35 4 42545
Fig. 6 Forest plot to visualize the HR of risk factors for overall survival (a) and cancer-specific survival (b) of LN + pancreatic tumors

Discussion

The primary aim of this study was to explore the preva-
lence of distant metastasis and survival rate for patients
with lymph node metastases (LN +) split by primary site.
In the population-based cohort derived from the SEER
database during a 13 year study, patients with pancre-
atic head were found to have shorter DM rate compared
with pancreatic bodytail, and the survival rate between
them was similar. LN+ patients with pancreatic head
tumors had the 1 year OS 70.6% relative to pancreatic
bodytail 1 year OS 69.1%. Multivariable logistic analy-
ses of variables shown that there were significant dif-
ferences between the groups in the presentation. As for
DM + patients with pancreatic head tumor, they were
characterized to younger ages and smaller size relative to
bodytail counterparts. Multivariable Cox analysis showed

that older people, larger size, more advanced differentia-
tion, DM +, higher LNR and more malignant mass were
associated with the OS and CSS. At last the PSM con-
firmed that our conclusion bears the test.

The majority of patients with pancreatic tumors was
already in the middle-advanced stage at the time of diag-
nosis, and one reason is that patients in early stage was
lack of early symptoms, another is that the multidetector
computed tomography(MDCT) and magnetic resonance
imaging (MRI) ability of examination was limited, though
they were the most common optimal imaging modality
for early pancreatic tumor diagnosis [18]. Therefore, in
our study, further research was conducted mainly based
on patients who have occurred lymph node metastasis
(LN +). Surgical resection was the best treatment to pro-
long survival time, but for patients with DM +, explora-
tory laparotomy of pancreatic bring the morbidity up
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Fig.6 continued

to 42.3% and the survival rate went down, instead of
increasing [19]. It is particularly important to determine
if the patient has distant metastasis, because the outcome
will provide us important clues for individualized preven-
tion and treatment strategies. Furthermore, huge number
of patients in middle-advanced stage who have lost the
best chance of surgery, other treatments become the first
choice, such as chemotherapy [20], so we predict patient
prognosis primarily based on clinical information of
LN + patients with chemotherapy, which is more in line
with the real patient situation. In short, LN + patients
with pancreatic cancer are not easy to curable, and a
treatment strategy that balances disease control, toxicity,
and quality of life is critical.

In our studies, we found the incidence of DM was
lower in pancreatic head than in pancreatic bodytail

tumors (OR, 0.29; 95% CI 22.8—36.8%; P <0.001), which is
consistent to results of univariate analysis after PSM (OR,
0.22; 95% CI 0.15-0.34; P<0.001). Similar results were
found from previous studies [5]. However, other stud-
ies reported that the risk factor for DM by a multivariate
logistic model yielded contradictory results that pancre-
atic bodytail tumor has a similar incidence of DM com-
pared with pancreatic head tumor [21, 22]. The reason
for these contradictory reports may results from inclu-
sion criteria for patients and staging difference. In our
study, lymph node metastasis occurred in all of selected
patients, as well as chemotherapy. The M1 was defined
as tumor distant metastasis according to the TNM clas-
sification (American Joint Committee on Cancer, 7th edi-
tion) for pancreatic tumors.
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Table3 Predictors of survival rate in LN+ pancreatic
tumors by competing risk regression

SHR 95% Cl Pvalue

Age, years

18-49 1 [Reference]

50-59 093 0.83-1.04 0210

60-69 1.03 092-1.14 0.646

>70 1.07 0.96-1.19 0.244
Sex

Female 1 [Reference]

Male 1.06 1.01-1.13 0.047
Race

White 1 [Reference]

Black 1.04 0.93-1.15 0.510

Other 0.97 0.87-1.09 0.642
Marital status

Never married 1 [Reference]

Married 1.01 091-1.11 0.881

Divorced/ widowed 1.05 0.94-1.18 0.368
Size, no. (%)

<2cm 1 [Reference]

<4cm 1.21 1.10-1.32 <0.001

>4.cm 1.29 1.16-143 <0.001
Differentiation

Well 1 [Reference]

Intermediate 1.36 1.22-1.52 <0.001

Poor/undifferentiated 1.71 1.53-1.91 <0.001

Missing 1.58 1.37-1.82 <0.001
Lymph node ratio

1-25% 1 [Reference]

26-50% 132 1.24-1.42 <0.001

>50% 1.76 1.61-1.93 <0.001
Number of malignant mass

One 1 [Reference]

More than one 046 0.39-0.54 <0.001
Distance metastasis

No 1 [Reference]

Yes 1.56 137-1.78 <0.001
Site

Pancreatic bodytail 1 [Reference]

Pancreatic head 1.08 0.98-1.187 0.087

The Kaplan—Meier curve with log-rank test was per-
formed to explore the survival rate difference between
pancreatic head and pancreatic bodytail tumors with-
out regard to adjustment for other risk factors. We
found the pancreatic head has a similar survival rate
compared with pancreatic bodytail tumors, while the
result was inconsistent with the founding based on the
multivariate Cox regression model that pancreatic head
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tumor has a shorter survival time compared with pan-
creatic bodytail tumors. It’s fascinating that the primary
site wasn't a risk factor associated with prognosis after
competing risk model and PSM. However, previous
study show that the survival rate for pancreatic head
is higher compared with that pancreatic body tumors
in local stage (20 versus 9%), while the survival rate of
pancreatic body tumor was higher than pancreatic head
in regional (6.7 versus 7.6%) or distant stage (1.4 versus
1.8%) [9]. Interestingly, some studies also found there
was no significant association between pancreatic pri-
mary site and overall survival based on multivariate
Cox regression analyses [23, 24], which is in agreement
with our results.

When we delve into other risk factors associated with
DM, the results reflect no significant difference in dis-
tant metastases in patients under 50. Race also isn't a risk
factor in our founding, and other studies also confirmed
this points, but it’s a pity that most of the studies [25, 26]
have looked at distant metastases in colorectal cancer.
Another noteworthy finding was that for bad differenti-
ated cell type of pancreatic tumors, the pancreatic head
tumor didn’t have a difference in rate of DM compared
with pancreatic bodytail. Because no relevant stud-
ies have been performed to explore the relationship of
degree of differentiate with rate of DM, the comparison
was difficult to make. Another study [27] confirmed that
poorly differentiated cell type has a higher risk of lymph
node metastasis in early gastric cancer compared with
well/moderately cell type, which shows a yielded contra-
dictory results. The reason for contradictory reports may
be result from different types of cancer. When we explore
risk factor for DM by primary site, for pancreatic head
tumor, women have a significantly higher probability of
DM than men in our founding, while a previous study
present men have a higher risk of metastasis than women
in all pancreatic tumor [5].

When we explore the risk factor for survival rate,
black people have a shorter survival time compared
with other race, and the results have been demonstrated
in many cancers [28—30], but the study found the black
people have a better survival outcome when controlling
for stage at the time of treatment [29]. Marital status
has no difference in patient prognosis for pancreatic
tumor, but some studies have reported the variable was
a critical factor that could directly affect the clinical
prognosis in other cancers [31, 32]. We also explored
the risk factors associated with cancer-specific survival,
but there is no significant difference between risk fac-
tors associated with cancer-specific survival and overall
survival. On the other hand, we performed a competing
risk model to avoid the death not related to pancreatic
tumor, so that we could better compared the prognosis
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Table 4 Patient clinical features before and after propensity score matching

Before matching

After matching

Variable PAH (n=4877) PABT (n=849) P value PAH (n=772) PABT (N=772) P value
Age, no. (%) 0.293 0410
18-49 434 (8.9) 87(10.2) 1(6.6) 71(9.2)
50-59 5(24.9) 197 (23.2) 190 (2 6) 176 (22.8)
60-69 1778 (36.5) 296 (34.9) 288 (37.3) 283 (36.7)
>70 1450 (29.7) 269 (31.7) 243 (31.5) 242 (31.3)
Sex, no. (%) 0.022 0.074
Female 2563 (52.6) 410 (48.3) 391 (50.6) 394 (51.0)
Male 2314 (47.4) 439 (51.7) 381 (49.4) 378 (49.0)
Race, no. (%) 0.104 0.590
White 4032 (82.7) 679 (80.0) 610 (79.0) 644 (83.4)
Black 488 (10.0) 104 (12.2) 86(11.1) 74 (9.6)
Other 357 (7.3) 67 (7.9) 76 (9.8) 54 (7.0)
Marital status, no. (%) 0310 0.283
Never married 603 (12.4) 106 (12.5) 110(14.2) 90 (11.7)
Married 3279 (67.2) 589 (69.4) 496 (64.2) 548 (71.0)
Divorced/widowed 995 (20.4) 154 (18.1) 166 (21.5) 134 (17.4)
Size, no. (%) <0.001 0.866
<2cm 662 (13.6) 54 (6.4) 45 (5.8) 50 (6.5)
<4cm 3135(64.3) 363 (42.8) 358 (46.4) 354 (45.9)
>4.cm 1080 (22.1) 432 (50.9) 369 (47.8) 368 (47.7)
Differentiation, no. (%) 0.551 0.439
Well 399 (8.2) 8(9.2) 74 (9.6) 59 (7.6)
Intermediate 2197 (45.0) 393 (4 3) 351 (45.5) 365 (47.3)
Poor/undifferentiated 1833 (37.6) 300 (35.3) 294 (38.1) 285 (36.9)
Missing 448 (9.2) 78(9.2) 53(6.9) 63 (8.2)
Lymph node ratio, no. (%) 0.019 0.889
-25% 2923 (59.9) 543 (64.0) 505 (65.4) 502 (65.0)
26-50% 1315 (27.0) 190 (22.4) 167 (21.6) 174 (22.5)
>50% 639 (13.1) 116 (13.7) 100 (13.0) 96 (12.4)
Number of malignant mass, no. (%) 0.305 0.790
One 4684 (96.0) 809 (95.3) 754 (97.7) 744 (96.4)
More than one 193 (4.0) 40 (4.7) 18 (2.3) 28 (3.6)

PAH pancreatic head tumors, PABT pancreatic bodytail tumors

of pancreatic head and pancreatic bodytail tumors. We
found age is not related to tumor prognosis, which may
tell us that patients with pancreatic tumors in advanced
stage have a trend that the majority of patients die of
disease not related to pancreatic tumor, but this phe-
nomenon is rare in other tumors [33, 34]. Another
discovery worth rethinking is that pancreatic bodytail
has a higher risk of DM than pancreatic head tumors
for LN + patients, but survival rate didn’t present sig-
nificant difference. We may allow the following conclu-
sion that the prognosis of LN + patients with pancreatic
tumors isn’t associated with the primary site of metas-
tasis, but with the occurrence of metastasis.

This study existed several limitations. Although we
used propensity scores matching to compensate for the
bias of the retrospective study, there is still the poten-
tial for serious selectivity bias when a large number of
samples are rejected. Even with statistical adjustment
for confounding enrolled variables, unmeasured fac-
tors may influence our results in this study. The SEER
database provided patients with clinical informa-
tion which doesn’t include follow-up data on disease
recurrence and progression-free survival. In addition,
some laboratory tests related to patient prognosis
were not included, such CA199, CEA. Lack of these
data, we were not able to evaluate the effect of factors
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Fig. 7 The overall survival (a) and cancer-specific survival (b) of patients with LN 4+ pancreatic tumors split by primary site after matching
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on survival rate. Furthermore, we are talking about
patients with chemotherapy, but specific chemotherapy
drugs are not provided, which will bring the results a
great bias in patient prognosis because we know that
different chemotherapy drugs have different prognosis
effects. However, even with these limitations, we recog-
nize a large number of strengths in our study. When we
enrolled patients with chemotherapy, highly statistically
significant analysis was derived based on a large sample

size available and the results are compelling. Invest-
ing the pancreatic head and bodytail may further shed
light on disparities in patients care. In any case, there is
significant difference in risk factors for DM when split
by primary site. Further examination of targeted treat-
ment or care based on primary site are merited. Finally,
efforts examining the risk factors may improve the dif-
ference of DM rate. Perhaps most important, targeted
provision of care in the pancreatic head and bodytail
should be a major destination in the future.
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Cancer-specific survival curves after matching
Based on Kaplan—-Meier estimates
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Conclusions

This retrospective study had shown pancreatic head can-
cer has a lower probability of distant metastasis than
pancreatic body cancer, but survival rates didn’t present
significant differences between them. This result gives us
an important hint that the survival between pancreatic
head and pancreatic bodytail tumor for LN+ patients
with chemotherapy have a similar trend whether or not
a DM occurs. In other words, prognosis of LN + patients
with chemotherapy isn't associated with the primary site

of metastasis, but with the occurrence of metastasis.
Further studies that explore the risk factors of DM and
long-term outcomes after different treatment modalities
targeting different primary site are warranted.
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