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Abstract

Background

As a malignant tumor with poor prognosis, accurate and effective prediction of the prognosis

of pancreatic cancer (PC) is crucial.

Methods

A total of 12,909 patients diagnosed with pancreatic cancer were selected from the Surveil-

lance, Epidemiology, and End Results program between 2004 and 2016. The sex, age, eth-

nicity, marital status, metastasis status, radiotherapy, chemotherapy, tumor size, regional

nodes examined, regional nodes positive of each patient were recorded. Univariate and

multivariate Cox regression analyses were used to identify prognostic factors with a thresh-

old of P<0.05, and a nomogram was constructed. Harrell’s concordance indexes and cali-

bration plots were used to verify the predictive power of the model. The risk groups were

also stratified by quartile of the total score. Survival rates were estimated by the Kaplan-

Meier method.

Results

Age, year of diagnosis, sex, grade, histologic, marital, TNM stage, surgery of the primary

site, tumor size, regional nodes positive and regional nodes examined ratio (LNR), lymph

node dissection, radiotherapy, and chemotherapy were identified as prognostic factors for

the construction of the nomogram. The nomogram exhibited a clinical predictive ability of

0.675(95% CI, 0.669~0.681) in the internal verification. The predicted calibration curve was

similar to the standard curve. Decision curve analysis showed that the nomogram had value

in terms of clinical application. Besides, the nomogram was able to divide the patients into

different groups according to total points.
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Conclusions

Hence, our nomogram was highly effective in predicting overall survival in patients with PC,

which may provide a reference tool for clinicians to guide individualized treatment and fol-

low-ups for patients with PC, accurately determine the 1-,3- and 5-year overall survival of

patients.

Introduction

Pancreatic cancer (PC) is the seventh leading cause of cancer-related deaths worldwide with

432,242 related deaths in 2018 [1]. Surgical resection remains the only potentially curative

therapy for patients with pancreatic cancer but offered to only 10% to 15% of patients with PC.

Overall 5-year survival after surgery is only 15% to 20% [2]. Several factors are related to the

prognostic outcome of patients with PC, including TNM stage, histologic differentiation,

tumor size, lymph node (LN) status, and age et. al [3]. A constructed nomogram using these

parameters could aid in predicting malignant potential in patients with PC, however, there is

no nomogram to combine these parameters using the eighth edition of AJCC.

Materials and methods

Data collection

A total of 12,909 patients with PC diagnosed between January 1, 2004, and December 31, 2016,

were selected from the SEER database (https://seer.cancer.gov) by SEER�Stat software (version

8.3.8; Client-server: ssp://seerstat.imsweb.com:2038), and the incidence SEER 18 Regs Custom

Data (with additional treatment fields), Nov 2018 Sub (1975–2016 varying), were selected for

analysis. The inclusion codes and criteria from the SEER database were are as follows: The pri-

mary tumor site was coded as pancreas (C25.0-C25.9), the coding of tumor pathological tissue

classification was adenocarcinomas (8140), infiltrating duct carcinoma (8500), and other (not

including the pancreatic neuroendocrine tumors). The following parameters were collected: 1)

Marital status; 2) ethnicity; 3) sex; 4) age at diagnosis; 5) survival time (months); 6) overall sur-

vival (OS) and cancer-specific survival (CSS); 7) regional nodes positive and examined; 8)

lymph node dissection; 9) surgery of the primary site; 10) radiation therapy and chemotherapy

received; 11) whether there was bone (not including the bone marrow), brain (not including

the spinal cord or other parts of the central nervous system), lung (not including the pleura or

pleural fluid) or liver metastasis; 12) tumor size(mm); 13) CS extension; 14) year of diagnosis.

According to the SEER program definition, survival time means the time between diagnosis

and death or the last follow-up time. OS is the time from the date of diagnosis to the death of

any cause. CSS is the time from the date of diagnosis to the date of cancer-associated mortality.

The TNM stage of the AJCC 8th edition was evaluated based on the following codes: bone

metastasis, brain metastasis, lung metastasis, liver metastasis, Mets at DX-Distant LN (2016+),

Mets at DX-Other (2016+), collaborative stage (CS) tumor size 2004–2015, CS extension

2004–2015, CS lymph nodes 2004–2015, CS metastases at DX 2004–2015, Regional nodes posi-

tive and derived AJCC stage group (7th edition; 2010+). According to the definition of the 8th

Edition of the American Joint Committee on Cancer (AJCC) staging system [4], all the

included patients with pancreatic cancer were stage IA-IV.

After obtaining the data, we set the exclusion criteria as follows: (1) patients whose clinical

information were unknown or incomplete; (2) patients whose tumors were not diagnosed
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pathologically; (3) patients who were younger than 18 years of age; (4) patients whose survival

time was less than one month; (5) patients with multiple primary cancers; (5) patients whose

pancreatic neuroendocrine tumors (8013, 8041, 8150, 8151, 8152, 8153, 8154, 8155, 8156,

8240, 8240, 8241, 8242, 8243, 8244,8245/3, 8246, 8246, and 8249).

The SEER database does not include any human or demographic identifying information,

and the data used for analysis were de-identified. Therefore, ethics approval and formal

informed consent to participate was not required.

Statistical analysis

Statistical operations were performed using SPSS 26.0 (IBM Corporation, Armonk, NY, USA)

and constructed a nomogram using R software version 3.5.2 (https://www.r-project.org). The

best cutoff value of LNR, age, tumor size, was determined by receiver operating characteristic

(ROC) curve. The univariate and multivariate analyses and hazard ratios (HRs) were used by

Cox proportional hazards regression model to find its independent prognostic risks, and

P< 0.05 was considered as statistically significant difference. These independent risk factors

were used to construct a nomogram using R software, using the rms and survival packages

(https://www.rdocumentation.org/pack-ages/survival/versions/2.42-3). The nomogram used

1-, 3- and 5-year overall survival (OS) as end points. In internal verification, bootstraps of

1,000 resamples were used for analysis, Harrell’s concordance indexes(C-indexes) and calibra-

tion curves were used to verify the predicted effect of the nomogram, the nomogram and 8th

TNM staging systems were compared using decision curves analysis. Patients in the validation

set were assigned into four groups according to the quartiles of their prognostic scores. The

Kaplan-Meier method was used to estimate overall survival rate in the four groups, and the dif-

ferences were evaluated using the log-rank test with a threshold of P<0.05.

Results

Baseline characteristics

The mean age of the patients was 65.7 years. The median OS was 17 months (range, 9–32

months). In addition, the 1-, 3- and 5-year OS rates were 65.7%, 27.2% and 17.8%, respectively.

According to the TNM staging system of the AJCC 8th edition, the separate stage of patients

was recorded. The basic information of the patients was presented in Table 1.

Cox regression analysis

The following factors were included in the univariate Cox regression analysis: age (<70 vs.

�70), tumor size (<35mm vs.�35mm), LNR (<0.133 vs.�0.133), year of diagnosis

(2004~2010 vs. 2011~2016), race (white vs. black vs. other), sex (male vs. female), marital sta-

tus (married vs. unmarried vs. divorced vs. widowed), histological type (adenocarcinoma vs.

infiltrating duct carcinoma vs. other), grade (well differentiated, grade I vs. moderately differ-

entiated, grade II vs. poorly differentiated, grade III vs. undifferentiated or anaplastic, grade

IV), primary site (head of pancreas vs. body of pancreas vs. tail of pancreas vs. other), TNM

stage (IA vs. IB vs. IIA vs. IIB vs. III vs. IV), surgery at primary site (no vs. yes), scope of

regional lymph node surgery (none vs. 1–3 regional lymph nodes removed vs.�4 regional

lymph nodes removed), radiation therapy (no vs. yes) and chemotherapy (no vs. yes). The

remaining prognostic factors with P<0.05 were included in the multivariate Cox regression

analysis. The results demonstrated that residual factors, with the exception of the primary site

and race were independent prognostic factors and were thus included in the construction of

the nomogram (Table 2).
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Table 1. Patient demographics (N = 12909).

Characteristic N(%)

Age 65.7±10.8

Race

White 10512 (81.4)

Black 1320 (10.2)

Other 1077 (8.3)

Sex, male 6552 (50.7)

Year of diagnosis

2004~2010 6869 (53.2)

2011~2016 6040 (46.7)

Primary site

Head of pancreas 9505 (73.6)

Body of pancreas 869 (6.7)

Tail of pancreas 1262 (9.7)

Other 1273 (9.8)

Histologic type

Adenocarcinoma 6488 (50.2)

Infiltrating duct carcinoma 4923 (38.1)

Other 1498 11.6)

AJCC Stage Group,8th

IA 933 (7.2)

IB 2039 (15.7)

IIA 918 (7.1)

IIB 4777 (37.0)

III 3371 (26.1)

IV 871 (6.7)

Surgery of the primary site 12263 (94.9)

Regional nodes examined 14 (8~21)

Regional nodes positive 1 (0~3)

Lymph node dissection

No 574 (4.4)

1~3 996 (7.7)

�4 11339 (87.8)

Radiation therapy 4473 (34.6)

Chemotherapy 8838 (68.4)

Grade

Well differentiated(I) 1489 (11.5)

Moderately differentiated(II) 6417 (49.7)

Poorly differentiated(III) 4773 (36.9)

Undifferentiated(IV) 230 (1.7)

Marital status

Unmarried 1938 (15.0)

Married 8202 (63.5)

Divorced 1286 (9.9)

Widowed 1483 (11.4)

Tumor size, mm 33 (25~44)

Dead (attributable to this cancer) 9374 (72.6)

Dead 10105 (78.2)

Survival time, months 17 (9~32)

https://doi.org/10.1371/journal.pone.0249911.t001

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 4 / 13

https://doi.org/10.1371/journal.pone.0249911.t001
https://doi.org/10.1371/journal.pone.0249911


Table 2. Univariate and multivariate Cox regression analysis for OS in pancreatic cancer patients.

Variable Univariate analysis P-value Multivariate analysis P-value

HR(95%CI) HR(95%CI)

Age at diagnosis

<70 reference reference

�70 1.263 (1.213~1.314) <0.001 1.201 (1.152~1.253) <0.001

Year of diagnosis

2004~2010 reference reference

2011~2016 0.858 (0.824~0.894) <0.001 0.881 (0.846~0.919) <0.001

Sex

Male reference reference

Female 0.939 (0.903~0.976) 0.001 0.929 (0.892~0.968) <0.001

Tumor size, mm

<35 reference reference

�35 1.332 (1.281~1.385) <0.001 1.213 (1.162~1.267) <0.001

Surgery of the primary site

No reference reference

Yes 0.393 (0.361~0.426) <0.001 0.554 (0.491~0.624) <0.001

Lymph node dissection <0.001 <0.001

No reference reference

1~3 0.610 (0.546~0.681) <0.001 0.984 (0.868~1.117) 0.807

�4 0.519 (0.474~0.568) <0.001 0.843 (0.744~0.955) 0.007

LNR

<0.133 reference reference

�0.133 1.742 (1.675~1.812) <0.001 1.287 (1.223~1.355) <0.001

Radiation therapy

No reference reference

Yes 0.792 (0.760~0.825) 0.001 0.897 (0.857~0.939) <0.001

Chemotherapy

No reference reference

Yes 0.721 (0.691~0.751) <0.001 0.634 (0.605~0.665) <0.001

Marital status <0.001 <0.001

Unmarried reference reference

Married 0.986 (0.932~1.044) 0.633 0.940 (0.888~0.995) 0.034

Divorced 1.062 (0.980~1.150) <0.143 1.059 (0.977~1.147) 0.162

Widowed 1.199 (1.112~1.293) <0.001 1.076 (0.994~1.165) 0.071

Race 0.087

White reference

Black 1.007 (0.944~1.074) 0.832

Other 0.922 (0.858~0.992) 0.030

Primary site <0.001 0.079

Head of pancreas reference reference

Body of pancreas 0.892 (0.822~0.967) 0.006 0.989 (0.911~1.073) 0.784

Tail of pancreas 0.861 (0.804~0.922) <0.001 0.916 (0.853~0.983) 0.015

Other 1.020 (0.955~1.090) 0.558 1.021 (0.955~1.092) 0.544

Histologic type <0.001 <0.001

Adenocarcinoma reference reference

Infiltrating duct 0.957 (0.918~0.997) 0.036 1.020 (0.977~1.064) 0.368

Other 0.642 (0.600~0.688) <0.001 0.631 (0.587~0.678) <0.001

(Continued)

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 5 / 13

https://doi.org/10.1371/journal.pone.0249911


Construction and validation of the nomogram

Marriage, sex, and year of diagnosis had a relatively small effect. The nomogram comprised 12

prognostic factors: age, sex, histologic, marital, grade, TNM stage, surgery, extent of lymph

node dissection, LNR, tumor size, radiation therapy and chemotherapy. Surgery, TNM stage

and grade exhibited the strongest impact on prognosis among all factors, chemotherapy also

served an important role (Fig 1). The effects of other factors on prognosis were moderate. A

total score was calculated by adding up the scores of each factor according to the different

characteristics. The 1,3- and 5-year survival rates were estimated by drawing a straight line

from the total score on the nomogram. The C-index calculated by the bootstrap self-sampling

method was 0.675(95% CI, 0.669~0.681), indicating good predictability of the nomogram. In

addition, the calibration curve was similar to the standard curve in predicting the 1, 3- and

5-year survival rates of patients, indicating good predictive ability of the nomogram (Fig 2).

Decision curve analysis

After determining the accuracy and discriminative ability of the model, we performed compar-

ison between the nomogram and 8th TNM staging systems through the Decision Curve Analy-

sis (DCA). The results showed that the nomogram had a good clinical applicability in

predicting the survival of PC because of its wide range of threshold probabilities. In addition,

the nomogram had an advantage over traditional 8th TNM staging systems in predicting OS

because the net benefit was higher (Fig 2).

Risk stratification

The total score for each patient was calculated, and the scores divided into four subgroups

through quartiles (10–142, 143–181, 182–217 and 218–407) to represent different outcomes.

There was a significant difference of OS among the subgroups (Table 3; Fig 3).

Discussion

To the best of our knowledge, this is the first large-scale clinical retrospective study that used

the SEER database to construct a nomogram to predict survival rates for patients with PC

based on lymph node ratio, AJCC 8th staging system. In this study, a total of 12,909 patients

Table 2. (Continued)

Variable Univariate analysis P-value Multivariate analysis P-value

HR(95%CI) HR(95%CI)

AJCC Stage Group,8th <0.001 <0.001

IA reference reference

IB 1.501 (1.357~1.660) <0.001 1.409 (1.272~1.561) <0.001

IIA 1.554 (1.383~1.746) <0.001 1.395 (1.231~1.580) <0.001

IIB 2.201 (2.007~2.414) <0.001 1.850 (1.676~2.043) <0.001

III 2.890 (2.630~3.176) <0.001 2.186 (1.962~2.436) <0.001

IV 4.528 (4.048~5.065) <0.001 3.249 (2.874~3.672) <0.001

Grade <0.001 <0.001

I reference reference

II 1.611 (1.502~1.729) <0.001 1.519 (1.414~1.632) <0.001

III 2.179 (2.028~2.342) <0.001 2.016 (1.873~2.169) <0.001

IV 1.896 (1.615~2.225) <0.001 2.299 (1.955~2.703) <0.001

https://doi.org/10.1371/journal.pone.0249911.t002
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were included following rigorous screening, and 12 risk factors that significantly affected prog-

nosis were determined by the Cox regression method. A nomogram was constructed based on

these 12 risk factors. The C-index and the graphical calibration method were used for internal

validation, which suggested that the nomogram exhibited a good predictive ability.

Fig 1. Nomogram for predicting the 1,3- and 5-year overall survival of patients with pancreatic cancer.

https://doi.org/10.1371/journal.pone.0249911.g001
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The nomogram demonstrated that the survival of patients with PC was affected by multiple

factors, especially the treatment strategy. The nomogram also accurately predicted the progno-

sis of different risky groups. Compared with traditional 8th TNM staging, the model estab-

lished in the present study combined more clinical information to determine the prognosis of

patients more accurately and guide the future treatment strategy. We found surgery exhibited

the strongest impact on prognosis, age and tumor size had a moderate influence on prognosis,

and sex and marital status only had a minor effect. The demand and role of radiation therapy

remained small, however, radiation therapy might have some importance as a local treatment

[5]. In elderly patients with PC, the aging of organs coupled with a decrease in immune func-

tion leads to a high possibility of tumor recurrence. Elderly patients with PC exhibit low toler-

ance to surgery, radiotherapy and chemotherapy, and therefore, their compliance to

anticancer treatment may be poor. Additionally, elderly patients who often suffer from other

conditions and financial burden also needs to be considered, and thus their survival rate is

reduced [6]. Thus, age is associated with the prognosis of patients with PC. In addition, Our

multivariate regression analysis showed that the year of diagnosis was also a prognostic factor.

It was indicative that the field has made progress in terms of treating patients with pancreatic

cancer. Over the period selected for this study (2004 to 2016), there have been several changes

in PC treatment. These changes include the addition of chemotherapy regimens that have

increased efficacy compared to traditional Gemcitabine monotherapy (introduced in 1997)

[7]. Similarly, the surgical treatment of PC has been augmented by the rise in the utilization of

adjuvant and neoadjuvant chemotherapies.

Fig 2. Calibration curves of the nomogram for predicting the 1- (A), 3- (B), and 5- (C) year OS rates of patients with PC. Decision curve analysis of the

AICC 8th TNM stage, and nomogram for the 1- (D), 3- (E), and 5- (F) year OS rates of patients with PC. The black line represents the AICC 8th TNM

stage, the red line represents the nomogram. OS: Overall survival; PC: Pancreatic cancer.

https://doi.org/10.1371/journal.pone.0249911.g002

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 8 / 13

https://doi.org/10.1371/journal.pone.0249911.g002
https://doi.org/10.1371/journal.pone.0249911


The 8th edition of the AJCC staging system was released on October, 2016, and has been

recommended to replace the old version in 2018 [8]. The new staging system for PC has nota-

ble modifications from the 7th edition, including new definitions for T and N classifications.

The new T-staging system refers to tumor size without considering extra pancreatic invasion.

Additionally, positive regional nodal involvement (previous N1) has been subdivided into N1

(1–3 positive regional lymph nodes) and N2 (� 4 positive regional lymph nodes). These

changes are consequential, and many studies have investigated the validity of the 8th AJCC

staging system for PC [4,9], Our results also show that the eighth edition staging dominates

the nomogram score. To further understand the differences between the 7th and the 8th edi-

tions of the staging system, Fudan University Shanghai Cancer center has simultaneously used

both systems for PC patients since 2017, they have not found the new staging system to be as

accurate as expected. Therefore, they proposed some improvements on the 8th edition of the

staging system [10].

Tumor grade is a measure of the degree of differentiation of the tumor. Roughly, it mea-

sures how closely the malignant cells resemble the morphologic and functional characteristics

of the tissue of origin. In addition, tumor differentiation reflected the biological behaviors of

PC, which was highlighted in several studies for its vital role in survival. This is likely because

less differentiated tumors possess a more aggressive biology, leading to earlier local and distant

metastasis [11]. Tumor grade has already been accepted as part of the AJCC staging system for

prostate cancer and sarcoma on the basis of the ability to discriminate differences in overall

Table 3. Scores of every subgroup within each variable in the nomogram.

Variable Points Variable Points

Surgery of the primary site AJCC Stage Group,8th

No 58 IA 0

Yes 0 IB 20

Tumor size, mm IIA 40

<35 0 IIB 60

�35 15 III 80

Grade IV 100

I 0 Chemotherapy

II 30 No 43

III 60 Yes 0

IV 90 Marital status

LNR Unmarried 0

<0.133 0 Married 4

�0.133 23 Divorced 9

Radiation therapy Widowed 13

No 12 Age at diagnosis

Yes 0 <70 0

Histologic type �70 19

Adenocarcinoma 32 Sex

Infiltrating duct 16 Male 6

Other 0 Female 0

Lymph node dissection

No 19

1~3 10

�4 0

https://doi.org/10.1371/journal.pone.0249911.t003
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survival within those diseases [12]. Our analysis has demonstrated that tumor grade in PC is

capable of doing the same and should therefore be strongly considered for addition to the

AJCC staging system.

LNR was confirmed as an independent prognostic risk factor in the univariate and multi-

variate analyses, as well as age, grade, and T classification. As it was well known, lymph node

involvement appeared to be one of the most important risk for predicating OS of resected PC

patients [13]. Nevertheless, the total number of examined positive lymph nodes was still

imperfect as a pivotal predictor owing to its influence on surgical procedures. Ning Pu et.al.

found that LNR did not appear to be associated with surgical procedures, because no matter

how expansive of lymph nodes surgery was, LNR reflected its ability in involvement and

metastasis, while absolute positive lymph node counts was severely affected by the scope [14].

Extended lymphadenectomy may not be necessary for PC patients, because it could increase

Fig 3. Risk group stratification among all patients.

https://doi.org/10.1371/journal.pone.0249911.g003
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the postoperative complications, morbidities, and mortalities, and even influence the quality

of life [15,16].

In general, the assessment of LNR could make patients utmostly benefit from the surgery

and still be evaluated accurately on their survival risks, which may guide the clinical treatment.

As large amounts of factors turned up as prognostic indicators for resected PC patients [17–

19], the AJCC 8th staging system seemed to lose its powerful efficiency in the evaluation of

prognosis. Nomogram, a quantitative rating predictive model, had revealed its mighty power

in survival prediction, which may have the chance to replace the TNM staging system. Com-

pared to the AJCC 8th staging system, the concept of tumor size and lymph nodes status were

still involving in the formulated nomogram. Besides this, age and differentiation grade were

further incorporated into the novel model. Asano et.al [20] had reported the role of age in the

survival of resected PC patients. In addition, tumor differentiation reflected the biological

behaviors of PC, which was highlighted in several studies for its vital role in survival [21].

Thus, the formulated nomogram merged T, N, M status and other significant factors together

to obtain the much more precise model specially with the validation of superior consistent cali-

bration curves and wider ranges of DCA.

The present study had several limitations. First, due to the limited information available in

the SEER database, drinking history, radiotherapy dose, specific chemotherapy regimen, surgi-

cal methods and additional clinical information could not be obtained, which may have

affected the results. Second, the SEER database provide the TNM staging was based on the 7th

edition of the AJCC staging system, according to the size of the tumor, the degree of tumor

infiltration (involving the abdominal cavity, superior mesenteric artery, etc.), regional lymph

node metastasis, and distant metastasis, all stage were transferred to the 8th edition. In this

process, we deleted many missing fields, resulting in a relatively small number of patients with

stage IV, which may affect our final results. Third, the patients with PC in the SEER database

were all from the United States, and although patients of different races were included, the

cohort may not be representative of patients worldwide. Finally, the study design was retro-

spective essentially, so a large-scale and multicenter prospective study should be launched to

verify our results and eliminate the selective bias. Next, the cutoff value of all continuous vari-

ables used in our study may not be appropriate to other studies, and a meta-analysis may be

required to determine the most suitable cutoff value.

Conclusion

The proposed nomogram containing TNM classification, LNR, age, tumor size, and grade

reveals a superior prognostic model. In addition, the formulated nomogram staging system

confirmed its excellent discrimination and risk stratification compared to the AJCC 8th stag-

ing system.

Supporting information

S1 Fig. Survival curves. Survival curve of (A) sex, (B) year of diagnosis, (C) age, (D) histologic,

(E) grade, (F) stage, (G) surgery, (H) lymph node dissection, (I) Radiation therapy, (J) Chemo-

therapy, (K) size,(L) LNR, (M) Marital status. These graphs show the impact of each subtype

on survival.

(TIF)

S1 Table. Correlations between LNR and characteristics of patients with PC.

(DOCX)

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 11 / 13

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249911.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0249911.s002
https://doi.org/10.1371/journal.pone.0249911


Acknowledgments

Patient and public involvement

As this is a retrospective cohort study of SEER data, the patients included in this study were

not involved in the study design nor were they recruited. Furthermore, as we do not have indi-

vidually identifiable information on PC cases included in this study, study participants will not

be notified of the study’s results.

Author Contributions

Data curation: Huan Xu.

Formal analysis: Xin Jiang.

Methodology: Yongfeng Yan.

Supervision: Yan Peng, Li Liu.

Writing – original draft: Rui Zhong.

Writing – review & editing: Xiaowei Tang.

References
1. Khalaf N, El-Serag HB, Abrams HR, Thrift AP. Burden of Pancreatic Cancer—From Epidemiology to

Practice. Clin Gastroenterol Hepatol. 2020; S1542-3565(20)30276-7. https://doi.org/10.1016/j.cgh.

2020.02.054 PMID: 32147593

2. Pu N, Lv Y, Zhao G, Lee W, Nuerxiati A, Wang D, et al. Survival prediction in pancreatic cancer patients

with no distant metastasis: a large-scale population-based estimate. Future Oncol. 2018; 14(2):165–

175. https://doi.org/10.2217/fon-2017-0380 PMID: 29226705

3. Ko AH. Pancreatic Cancer and the Possibility of Long-term Survival: A Glimmer of Hope? JAMA Oncol.

2016; 2(3):380–381. https://doi.org/10.1001/jamaoncol.2015.4869 PMID: 26658827

4. Allen PJ, Kuk D, Castillo CF-d, Basturk O, Wolfgang CL, Cameron JL, et al. Multi-institutional Validation

Study of the American Joint Commission on Cancer (8th Edition) Changes for T and N Staging in

Patients With Pancreatic Adenocarcinoma. Ann Surg. 2017; 265(1):185–191. https://doi.org/10.1097/

SLA.0000000000001763 PMID: 27163957

5. Ganti AK, Kubo K, Wadasaki K, Komichi D, Sasaki T, Yamada H, et al. A single institution experience of

the treatment of pancreatic ductal carcinoma: The demand and the role of radiation therapy. PLoS One.

2019; 14(12):e0227305. https://doi.org/10.1371/journal.pone.0227305 PMID: 31887205

6. He J, Edil BH, Cameron JL, Schulick RD, Hruban RH, Herman JM, et al. Young patients undergoing

resection of pancreatic cancer fare better than their older counterparts. J Gastrointest Surg. 2013; 17

(2):339–344. https://doi.org/10.1007/s11605-012-2066-4 PMID: 23184271

7. Valeri S, Borzomati D, Nappo G, Perrone G, Santini D, Coppola R. Complete pathological response

after FOLFIRINOX for locally advanced pancreatic cancer. The beginning of a new era? Case report

and review of the literature. Pancreatology. 2014; 14(5):425–430. https://doi.org/10.1016/j.pan.2014.

07.002 PMID: 25278312

8. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK, et al. The Eighth Edition

AJCC Cancer Staging Manual: Continuing to build a bridge from a population-based to a more "person-

alized" approach to cancer staging. CA Cancer J Clin. 2017; 67(2):93–99. https://doi.org/10.3322/caac.

21388 PMID: 28094848

9. Kamarajah SK, Burns WR, Frankel TL, Cho CS, Nathan H. Validation of the American Joint Commis-

sion on Cancer (AJCC) 8th Edition Staging System for Patients with Pancreatic Adenocarcinoma: A

Surveillance, Epidemiology and End Results (SEER) Analysis. Ann Surg Oncol. 2017; 24(7):2023–

2030. https://doi.org/10.1245/s10434-017-5810-x PMID: 28213792

10. Shi S, Hua J, Liang C, Meng Q, Liang D, Xu J, et al. Proposed Modification of the 8th Edition of the

AJCC Staging System for Pancreatic Ductal Adenocarcinoma. Ann Surg. 2019; 269(5):944–950.

https://doi.org/10.1097/SLA.0000000000002668 PMID: 29334560

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 12 / 13

https://doi.org/10.1016/j.cgh.2020.02.054
https://doi.org/10.1016/j.cgh.2020.02.054
http://www.ncbi.nlm.nih.gov/pubmed/32147593
https://doi.org/10.2217/fon-2017-0380
http://www.ncbi.nlm.nih.gov/pubmed/29226705
https://doi.org/10.1001/jamaoncol.2015.4869
http://www.ncbi.nlm.nih.gov/pubmed/26658827
https://doi.org/10.1097/SLA.0000000000001763
https://doi.org/10.1097/SLA.0000000000001763
http://www.ncbi.nlm.nih.gov/pubmed/27163957
https://doi.org/10.1371/journal.pone.0227305
http://www.ncbi.nlm.nih.gov/pubmed/31887205
https://doi.org/10.1007/s11605-012-2066-4
http://www.ncbi.nlm.nih.gov/pubmed/23184271
https://doi.org/10.1016/j.pan.2014.07.002
https://doi.org/10.1016/j.pan.2014.07.002
http://www.ncbi.nlm.nih.gov/pubmed/25278312
https://doi.org/10.3322/caac.21388
https://doi.org/10.3322/caac.21388
http://www.ncbi.nlm.nih.gov/pubmed/28094848
https://doi.org/10.1245/s10434-017-5810-x
http://www.ncbi.nlm.nih.gov/pubmed/28213792
https://doi.org/10.1097/SLA.0000000000002668
http://www.ncbi.nlm.nih.gov/pubmed/29334560
https://doi.org/10.1371/journal.pone.0249911


11. Hlavsa J, Cecka F, Zaruba P, Zajak J, Gurlich R, Strnad R, et al. Tumor grade as significant prognostic

factor in pancreatic cancer: validation of a novel TNMG staging system. Neoplasma. 2018; 65(4):637–

643. https://doi.org/10.4149/neo_2018_171012N650 PMID: 30064236

12. Rochefort MM, Ankeny JS, Kadera BE, Donald GW, Isacoff W, Wainberg ZA, et al. Impact of tumor

grade on pancreatic cancer prognosis: validation of a novel TNMG staging system. Ann Surg Oncol.

2013; 20(13):4322–4329. https://doi.org/10.1245/s10434-013-3159-3 PMID: 23943022

13. Zhan HX, Xu JW, Wang L, Zhang GY, Hu SY. Lymph node ratio is an independent prognostic factor for

patients after resection of pancreatic cancer. World J Surg Oncol. 2015; 13:105. https://doi.org/10.

1186/s12957-015-0510-0 PMID: 25888902

14. Pu N, Li J, Xu Y, Lee W, Fang Y, Han X, et al. Comparison of prognostic prediction between nomogram

based on lymph node ratio and AJCC 8th staging system for patients with resected pancreatic head car-

cinoma: a SEER analysis. Cancer Manag Res. 2018; 10:227–238. https://doi.org/10.2147/CMAR.

S157940 PMID: 29440932

15. Orci LA, Meyer J, Combescure C, Bühler L, Berney T, Morel P, et al. A meta-analysis of extended ver-

sus standard lymphadenectomy in patients undergoing pancreatoduodenectomy for pancreatic adeno-

carcinoma. HPB (Oxford). 2015; 17(7):565–572. https://doi.org/10.1111/hpb.12407 PMID: 25913578

16. Ignjatovic I, Knezevic S, Knezevic D, Dugalic V, Micev M, Matic S, et al. Standard versus extended lym-

phadenectomy in radical surgical treatment for pancreatic head carcinoma. J BUON. 2017; 22(1):232–

238. PMID: 28365959

17. Shirai Y, Shiba H, Haruki K, et al. Preoperative Platelet-to-Albumin Ratio Predicts Prognosis of Patients

with Pancreatic Ductal Adenocarcinoma After Pancreatic Resection. Anticancer Research. 2017, 37

(2):787–793. https://doi.org/10.21873/anticanres.11378 PMID: 28179331

18. Chen Y, Shi M, Yu GZ, Qin XR, Jin G, Chen P, et al. Interleukin-8, a promising predictor for prognosis of

pancreatic cancer. World J Gastroenterol. 2012; 18(10):1123–1129. https://doi.org/10.3748/wjg.v18.

i10.1123 PMID: 22416189

19. Roberts AS, Campa MJ, Gottlin EB, Jiang C, Owzar K, Kindler HL, et al. Identification of potential prog-

nostic biomarkers in patients with untreated, advanced pancreatic cancer from a phase 3 trial (Cancer

and Leukemia Group B 80303). Cancer. 2012; 118(2):571–578. https://doi.org/10.1002/cncr.26270

PMID: 21713765

20. Asano T, Yamada S, Fujii T, Yabusaki N, Nakayama G, Sugimoto H, et al. The Charlson age comorbid-

ity index predicts prognosis in patients with resected pancreatic cancer. Int J Surg. 2017; 39:169–175.

https://doi.org/10.1016/j.ijsu.2017.01.115 PMID: 28161529

21. Rochefort MM, Ankeny JS, Kadera BE, Donald GW, Isacoff W, Wainberg ZA, et al. Impact of tumor

grade on pancreatic cancer prognosis: validation of a novel TNMG staging system. Ann Surg Oncol.

2013; 20(13):4322–4329. https://doi.org/10.1245/s10434-013-3159-3 PMID: 23943022

PLOS ONE A lymph node ratio-based staging model is superior to the current staging system for pancreatic tumors

PLOS ONE | https://doi.org/10.1371/journal.pone.0249911 May 5, 2021 13 / 13

https://doi.org/10.4149/neo%5F2018%5F171012N650
http://www.ncbi.nlm.nih.gov/pubmed/30064236
https://doi.org/10.1245/s10434-013-3159-3
http://www.ncbi.nlm.nih.gov/pubmed/23943022
https://doi.org/10.1186/s12957-015-0510-0
https://doi.org/10.1186/s12957-015-0510-0
http://www.ncbi.nlm.nih.gov/pubmed/25888902
https://doi.org/10.2147/CMAR.S157940
https://doi.org/10.2147/CMAR.S157940
http://www.ncbi.nlm.nih.gov/pubmed/29440932
https://doi.org/10.1111/hpb.12407
http://www.ncbi.nlm.nih.gov/pubmed/25913578
http://www.ncbi.nlm.nih.gov/pubmed/28365959
https://doi.org/10.21873/anticanres.11378
http://www.ncbi.nlm.nih.gov/pubmed/28179331
https://doi.org/10.3748/wjg.v18.i10.1123
https://doi.org/10.3748/wjg.v18.i10.1123
http://www.ncbi.nlm.nih.gov/pubmed/22416189
https://doi.org/10.1002/cncr.26270
http://www.ncbi.nlm.nih.gov/pubmed/21713765
https://doi.org/10.1016/j.ijsu.2017.01.115
http://www.ncbi.nlm.nih.gov/pubmed/28161529
https://doi.org/10.1245/s10434-013-3159-3
http://www.ncbi.nlm.nih.gov/pubmed/23943022
https://doi.org/10.1371/journal.pone.0249911

