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Abstract
Background: Due to common practice of hypofractionated radiotherapy in pancreatic cancer and
heterogeneous chemotherapy regimens in previous studies, modi�ed nomograms are required. Therefore,
we aim to develop and validate prognostic nomograms for locally advanced pancreatic cancer (LAPC)
after stereotactic body radiation therapy (SBRT) and chemotherapy.

Methods: The development cohort comprised 925 patients with LAPC receiving SBRT and gemcitabine-
based chemotherapy in our center, while 297 patients from another two centers formed the validation
cohort. Nomograms were created from COX models and internally validated by bootstrap. Model
discriminations were evaluated by calibration plots and concordance index (C-index). A decision curve
analysis (DCA) was performed to evaluate clinical bene�ts of nomograms. Additionally, recursive
partitioning analysis (RPA) was used for strati�cations of survival probability based on the total score of
each patient calculated by nomograms.

Results: Weight loss, tumor diameter, radiation dose, CA19-9 kinetics after treatment and surgical
resection were included in the nomogram for overall survival (OS), while the �ve factors plus performance
status formed the nomogram for progression free survival (PFS). The corrected C-indexes for estimated
1-year and 2-year OS of the development cohort were 0.88 (95% CI: 0.85-0.91) and 0.86 (95% CI: 0.83-
0.90). For those of the validation cohort, it was 0.88 (95% CI: 0.82-0.94) and 0.83 (95% CI: 0.74-0.91).
Additionally, the corrected C-index for predicted 1-year PFS in the development and validation cohort was
0.83 (95% CI: 0.81-0.86) and 0.82 (95% CI: 0.78-0.87), respectively. The calibration plots showed good
agreement of 1- and 2-year OS and 1-year PFS between the estimations and actual observations.
Potential clinical bene�ts were demonstrated with DCA. Additionally, for 1- and 2-year OS and 1-year PFS,
patients were strati�ed into four groups with different survival probability by RPA.

Conclusion: The validated nomograms provided useful predictions of OS and PFS for LAPC with
chemoradiotherapy.

Background
Pancreatic cancer still remains one of the most lethal malignancies and is fourth leading cause of cancer
death in both genders in US, where the mortality and incidence increase over the past decade [1]. Despite
development of targeted therapies and immunotherapy, no signi�cant survival bene�ts were found with a
lowest 5-year survival rate of 9% among all cancers [1]. Additionally, only about 20% patients with an
initial diagnosis of early stage pancreatic cancer were candidates for upfront surgery. Regarding the rest
patients with locally advanced pancreatic cancer (LAPC), chemoradiation may be the optimal treatment.
Though it was demonstrated that no improved overall survival was found in chemoradiotherapy
compared with chemotherapy alone in LAP07 [2], this still may be controversial due to a single agent as
the chemotherapy regimen and conventional radiotherapy with relatively low single fraction dose and
biological effective dose. Due to precise delivery of higher doses to tumors with stereotactic body
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radiation therapy (SBRT) and its shorter courses without delay of systemic treatment, SBRT has been
commonly used in pancreatic cancer with favorable survival bene�ts. Therefore, it is pivotal to evaluate
outcomes of patients receiving SBRT and standard chemotherapy, including FOLFIRINOX, gemcitabine
plus nab-paclitaxel or S-1 which has been con�rmed effective in Asians [3–6].

Additionally, patients in previous studies about prognosis prediction either underwent three dimentional
conformal radiation therapy or intensity modulated radiotherapy or gemcitabine alone or other
heterogeneous chemotherapy regimens [7, 8]. Hence, a prognostic tool to accurately assess overall
survival (OS) and progression free survival (PFS) of patients after the hypofractionated radiotherapy with
uniform and standard chemotherapy regimen is required, which may provide a better management of
patient care and improved quality of life. Therefore, the aim of our study was to develop and validate
novel, multicenter predictive models based on a broad spectrum of factors.

Methods

Study population
The development cohort consisted of consecutive patients with pathologically and radiographically
proven LAPC receiving SBRT and chemotherapy, including gemcitabine plus nab-paclitaxel or S-1, in our
center from January 2012 to December 2019 (Supplementary Fig. 1). Furthermore, patients were eligible
for inclusion only if pretreatment examinations or radiotherapy data were available and they had age ≥ 
18 years, and adequate bone marrow, hepatic, and renal function. Patients were excluded if they had a
history of other malignancies or received prior radiotherapy or chemotherapy. The validation cohort was
composed of patients with the same inclusion and exclusion criteria from other two centers.

Baseline characteristics were retrieved from the database prospectively maintained by the centers: age,
gender, weight loss, smoking status, Eastern Cooperative Oncology Group (ECOG) performance status,
tumor location, tumor diameter, CA19-9 levels, radiation doses, chemotherapy regimens and receiving
surgery or not after chemoradiotherapy. The study was approved by the institutional review board of each
study site and has therefore been performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from each
patient before treatment.

Data de�nitions
The principal outcomes of interest were the predicted probability of 1-year and 2-year OS and 1-year PFS.
OS and PFS were de�ned as time from the date of initiation of treatment to death from any cause and to
local, regional, or distant progression or death from any cause, respectively. In addition to above baseline
data, CA19-9 response and prognostic nutritional index (PNI) were also recorded. It was shown that PNI
was predictive of prognosis of pancreatic cancer [9–10]. The formula of PNI was as follows:
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The upper limit of normal for CA19-9 is usually considered as 37 U/ml [11]. Moreover, it was
demonstrated that decreases in CA19-9 levels of ≥ 50% correlated with an improved survival [12].
Therefore, CA19-9 response was de�ned as a decrease of CA19-9 level by 50% from the pre-treatment
level of ≥ 74 U/ml. Patients were required to receive CA19-9 examinations every month during follow-up.
The nadir value of CA19-9 level after treatment was utilized for the estimation of CA19-9 decrease. Hence,
CA19-9 response was strati�ed as follows: CA19-9 levels ≥ 74 U/ml with response vs. CA19-9 levels ≥ 
74 U/ml with no response (including CA19-9 levels within the normal range before treatment while
increasing after treatment) vs. CA19-9 levels < 74 U/ml all along before and after treatment, which have
been used in our previous studies [13–15]. Furthermore, it was reported that patients with a CA19-9 level
less than 200 U/ml had major response when they received neoadjuvant therapy. [16]. Therefore, the
baseline level of CA19-9 before treatment was strati�ed as: <200 U/ml and ≥ 200 U/ml. Besides, in our
previous studies, it was demonstrated that BED10 (biological effective dose, α/β = 10) ≥ 60Gy correlated
with overall survival (OS) in patients with pancreatic cancer [13, 14, 17, 18]. Therefore, BED10 was
strati�ed into two groups for analysis: BED10 ≥ 60Gy and BED10 < 60Gy.

Treatment delivery
Irradiation of pancreatic cancer was performed with SBRT via CyberKnife® (Accuray Incorporated,
Sunnyvale, CA), as described previously [13–15, 18]. Three gold �ducials within or adjacent to the
pancreatic tumor were preferable. A radiographically evident gross disease was regarded as gross tumor
volume (GTV). Clinical target volume (CTV) was de�ned as areas of the potential subclinical disease
spread. In most cases, the CTV was equal to GTV. Planning target volume (PTV) included a 2–5 mm
margin on GTV. Dose constraints of organs at risk were referred to the American Association of
Physicists in Medicine guidelines in TG-101 [19]. The initial contours at the time of SBRT were reviewed
together by a radiation oncologist and a radiologist for accuracy. Triphasic CT was used to delineate
tumor.

Chemotherapy was performed 2 to 3 weeks after SBRT. Patients were required to receive gemcitabine
plus nab-paclitaxel or gemcitabine plus S-1. Gemcitabine (1000 mg/m2) nab-paclitaxel (125 mg/m2) and
were administered on days 1, 8, and 15 during each 4-week cycle, which repeated for 4–6 cycles. S-1 was
orally given at a dose of 80 mg/m2 for 28 days followed by a 14-day rest, which also continued for 4–6
cycles.

Statistical analysis
Continuous and categorical data were expressed as median (range) and n (%), respectively. A student t-
test or a Mann-Whitney U test was used for analysis in the case of normally or non-normally distributed
continuous variables. Categorical variables were compared using the χ2 test or Fisher’s exact test.
Factors with a P-value < 0.05 in the univariate regression analysis were entered as candidate variables
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into multivariate COX regression analysis. Backward stepwise selection with the Akaike information
criterion was used to identify potential variables for the multivariable logistic regression models. Those
variables were incorporated in the nomogram. The �nal models weres �rst internally validated by the
bootstrap with 1000 resamples. The validation cohort from the other centers were used to externally
validate the models. The accuracy of prediction of the models were evaluated with the calibration plots,
which determined the agreement between the observed and estimated probability. The discrimination
was assessed by the concordance index (C-index). The decision curve analysis was performed to
evaluate clinical bene�ts of the nomograms compared with that of each risk factor. Additionally, recursive
partitioning analysis was used for survival probability classi�cations of LAPC after chemoradiotherapy
based on the total score of each patient calculated by the nomograms. A two-sided α of less than 0.05
was considered statistically signi�cant. All analyses were performed using SPSS 22.0 (IBM Corporation,
Armonk, NY) and the Regression Modeling Strategies package, version 5.1-4 in R, version 3.6.3.

Results

Characteristics of development and validation cohort
A total of 925 and 297 patients were included in the development and validation cohort. The baseline
characteristics of the two cohorts were summarized in Table 1. There were no differences in all patient
characteristics between two cohorts. The median follow-up time was 17.8 months (range: 4.1–
47.9 months) and 19.3 months (range: 5.2–37.1 months), respectively. The median OS of development
and validation cohort was 16.6 months (95% CI: 16.3–16.9 months) and 16.9 months (95% CI: 16.4–
17.4 months), respectively. The 1-year OS of development and validation cohort was 88.1% (95% CI:
87%-89.2%) and 90.5% (95% CI: 88.8%-92.2%), respectively. The 2-year OS was 8.1% (95% CI: 7.2%-9.0%)
and 7.1% (95% CI: 5.6%-8.6%), respectively. The median PFS was 11.3 months (95% CI: 11.0-
11.6 months) and 11.4 months (95% CI: 11.0-11.8 months), respectively. The 1-year PFS was 42.4% (95%
CI: 40.8%-44.0%) and 44.1% (95% CI: 41.2%-47.0%), respectively.
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Table 1
Baseline characteristics of development and validation cohort

Characteristics Development cohort (n = 
925) No. (%)

Validation cohort (n = 
297) No. (%)

P
value

Sex     0.951

Female 375 (40.5) 121 (40.7)  

Male 550 (59.5) 176 (59.3)  

Age, years      

Median 65 66 0.780

Range 26–90 35–88  

<65 414 (44.8) 129 (43.4) 0.690

≥65 511 (55.2) 168 (56.6)  

Weight loss, kg     0.891

No weight loss 223 (24.1) 67 (22.6)  

<5 262 (28.3) 87 (29.3)  

≥5 440 (47.6) 143 (48.1)  

Smoking     0.840

Non-smoker 638 (69.0) 203 (68.3)  

Smoker 287 (31.0) 94 (31.7)  

ECOG      

0–1 point 218 (23.6) 78 (26.3) 0.346

2–3 points 707 (76.4) 219 (73.7)  

Tumor location      

Head 660 (71.4) 213 (71.7) 0.903

Body or tail 265 (28.6) 84 (28.3)  

Tumor diameter, cm      

Median 3.6 3.6 0.508

Range 1.3-9.0 1.4–7.8  

<4 590 (63.8) 193 (65.0) 0.708

≥4 335 (36.2) 104 (35.0)  
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Characteristics Development cohort (n = 
925) No. (%)

Validation cohort (n = 
297) No. (%)

P
value

CA19-9 level, U/ml     0.765

<200 430 (46.5) 146 (49.2)  

≥200 495 (53.5) 151 (50.8)  

PNI     0.878

<48 478 (51.7) 155 (52.2)  

≥48 447 (48.3) 142 (47.8)  

BED10, Gy     0.243

<60 448 (48.4) 132 (44.4)  

≥60 479 (51.8) 165 (55.6)  

Chemotherapy regimen     0.437

Gemcitabine + nab-paclitaxel 465 (50.3) 157 (52.9)  

Gemcitabine + S-1 460 (49.7) 140 (47.1)  

CA19-9 response     0.187

CA19-9 levels ≥ 74 U/ml with
response

451 (48.7) 154 (51.9)  

CA19-9 levels < 74 U/ml all
along

242 (26.2) 82 (27.6)  

CA19-9 levels ≥ 74 U/ml with
no response

232 (25.1) 61 (20.5)  

Surgical resection     0.778

Yes 86 (9.3) 26 (8.8)  

No 839 (90.7) 271 (91.2)  

Factors predictive of OS and PFS
Regarding OS, weight loss, ECOG performance status, tumor diameter, BED10, CA19-9 response and
surgical resection correlated with OS in the univariate analysis. Thereafter, backward stepwise selection
in the multivariate analysis showed that weight loss (No weight loss as reference; <5 kg, HR: 1.23 [95% CI:
1.02–1.48], ≥ 5 kg, HR: 1.42 [95% CI: 1.19–1.69], P < 0.001), tumor diameter (< 4 cm as reference; ≥4 cm,
HR: 1.36 [95% CI: 1.18–1.56], P < 0.001), BED10 (< 60Gy as reference; ≥60Gy, HR: 0.35 [95% CI: 0.30–
0.41], P < 0.001), CA19-9 response (≥ 74 U/ml with response as reference; <74 U/ml all along, HR: 1.05
[95% CI: 0.89–1.24], ≥ 74 U/ml with no response, HR: 3.84 [95% CI: 3.21–4.59], P < 0.001) and surgical
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resection (No as reference; yes, HR: 0.38 [95% CI: 0.30–0.49], P < 0.001) were predictive of OS
(Supplementary Table 1).

Similarly, after multivariate analysis, it was clari�ed that weight loss (No weight loss as reference; <5 kg,
HR: 1.13 [95% CI: 0.94–1.36], ≥ 5 kg, HR: 1.26 [95% CI: 1.07–1.50], P = 0.024), ECOG performance status
(0–1 point as reference; 1–2 points, HR: 1.18 [95% CI: 1.01–1.39], P = 0.036), tumor diameter (< 4 cm as
reference; ≥4 cm, HR: 1.32 [95% CI: 1.15–1.51], P < 0.001), BED10 (< 60Gy as reference; ≥60Gy, HR: 0.37
[95% CI: 0.32–0.43], P < 0.001), CA19-9 response (≥ 74 U/ml with response as reference; <74 U/ml all
along, HR: 0.91 [95% CI: 0.77–1.07], ≥ 74 U/ml with no response, HR: 3.22 [95% CI: 2.71–3.84], P < 0.001)
and surgical resection (No as reference; yes, HR: 0.43 [95% CI: 0.34–0.55], P < 0.001) were predictive of
PFS (Supplementary Table 2).

Performance of the nomogram
The nomograms for prediction of 1-year and 2-year OS were shown in Fig. 1. The calibration plots
demonstrated good agreement of 1-year and 2-year OS between the nomograms’ estimations and actual
observations in the development cohort (Fig. 2A and 2C). Regarding discriminative ability, the bootstrap
corrected C-indexes of nomograms for estimated 1-year and 2-year OS in the development cohort were
0.88 (95% CI: 0.85–0.91) and 0.86 (95% CI: 0.83–0.90), respectively. The decision curves showed
satisfactory positive net bene�ts of the two nomograms at the threshold probability compared with other
factors (Fig. 2B and 2D). For external validation, the calibration curves also demonstrated favorable
consistency between the predicted and observed probability (Fig. 2E and 2G). The corrected C-indexes of
nomograms for predicted 1-year and 2-year OS in the validation cohort were 0.88 (95% CI: 0.82–0.94) and
0.83 (95% CI: 0.74–0.91), respectively. Similarly, potential clinical bene�ts of the two nomograms were
also demonstrated with the decision curves (Fig. 2F and 2H).

The nomogram for estimated 1-year PFS was illustrated in Fig. 3. The prediction agreed well with the
observation in the calibration plots of development and validation cohort (Fig. 4A and 4C). Additionally,
the corrected C-index of the development and validation cohort was 0.83 (95% CI: 0.81–0.86) and 0.82
(95% CI: 0.78–0.87), respectively. Furthermore, signi�cant net bene�ts were found in the two cohorts
(Fig. 4B and 4D).

Strati�cations of probability of OS and PFS based on
nomograms
Novel classi�cations of estimated 1-year and 2-year OS and 1-year PFS were shown in Fig. 5. All patients
were strati�ed into four groups based on total scores calculated by nomograms, which were low, low-
intermediate, intermediate-high and high probability of 1- and 2-year OS and 1-year PFS groups. Cut-off
scores and probabilities were also illustrated in Fig. 5.

Discussion
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In this study, we develop and validate a nomogram predicting 1- and 2-year OS and 1-year PFS for
patients with LAPC receiving SBRT and chemotherapy. Notably, this pilot study focused on a major
population of pancreatic cancer and evaluated outcomes of an intensi�ed treatment modality with
hypofractionated radiotherapy and standard chemotherapy. Additionally, the nomograms were bene�cial
for patient-speci�c estimated of OS and PFS that can be used for strati�cations of survival probability
and assessment of prognosis with patients.

Although previous studies have investigated nomograms for advanced pancreatic cancer [7, 8, 20, 21],
chemotherapy regimens in most studies were heterogeneous, which may in�uence outcomes [7, 20, 21].
Furthermore, patients in those studies underwent chemotherapy alone other than combination therapy,
which may provide better local control and more survival bene�ts [20, 21]. Besides, no external
validations were performed in two nomograms [7, 21]. Additionally, Vernerey et al. included patients of
LAP07 as the development cohort, where patients either received chemoradiotherapy or chemotherapy [8].
Moreover, three-dimensional conformal radiation therapy was applied in this study, which was not a
mainstay modality of radiotherapy in the case of intensi�ed modulated radiotherapy or SBRT commonly
used in LAPC [8]. Most importantly, SBRT has already been recommended in the management of
pancreatic cancer according to American Society for Radiation Oncology clinical practice guideline for
pancreatic cancer [22]. Hence, evaluations of patients’ outcomes after standard chemotherapy regimens
with the novel radiotherapy technique are required.

Compared with those published nomograms, our internally and externally validated nomograms have
some similarities and potential advantages. Several predictive factors in our nomogram were common
with them, including performance status, tumor size, radiation dose and surgical resection. However, our
larger sample size of LAPC, longer follow-up and prospective data collection allow us to investigate
contributions of other factors to survival and develop separate nomograms for 1- and 2-year OS and 1-
PFS, while most of the studies only predicted short-term OS [7, 8, 20, 21]. In addition, clinical net bene�ts
were estimated by decision curve analysis and patients were classi�ed into four groups of different OS
and PFS probability with recursive partitioning analysis, which may be in favor of accurate personalized
evaluations of prognosis and decision making of treatment. Unfortunately, this had not been discussed in
previous studies.

It was demonstrated that CA19-9 level correlated with survival of patients with pancreatic cancer, which
was con�rmed in published nomograms where CA19-9 baseline level was included as a predictor [7, 8,
20]. However, dynamic changes of CA19-9 level after treatment are usually considered as the surveillance
of pancreatic cancer. A signi�cant decrease may indicate effective treatment while a dramatic increase
may imply disease progressions, which may be more sensitive than imaging examinations. Therefore,
CA19-9 response was included in our nomogram. It was clari�ed that signi�cant decrease of CA19-9
baseline level after treatment was predictive of better outcome. As a result, it suggested that patients
could still achieve survival bene�ts despite high pre-treatment CA19-9 levels if they responded well to
treatment. This may result in a discrepancy between previous and our nomograms. For the former ones,
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patients with elevated baseline CA19-9 levels were all strati�ed into inferior survival groups, which may
reduce the predictive accuracy of prognostication for an individual patient.

Furthermore, we identi�ed that some of patients in our study become candidates for surgical resection
after chemoradiotherapy, which could lead to longer OS. This was only proven in a previous study, where
chemoradiotherapy was delivered [7]. However, for the rest studies with systemic therapy alone, surgical
resection was not performed and included in the nomogram [8, 20, 21]. In a previous study with review of
The National Cancer Data Base, it was demonstrated that the addition of radiotherapy to neoadjuvant
chemotherapy was associated with higher downstaging and complete pathologic response rates than
chemotherapy alone [23]. Additionally, there was about 6.0-14.4% downstaging rate after
chemoradiotherapy for LAPC [23–25], which was similar with that (9.3%) in our study. Nevertheless,
chemoradiation did not confer a survival bene�t compared with chemotherapy alone [23]. This may be
ascribed to conventional fractionation of radiotherapy and relatively low dose. Hence, chemoradiation
should be considered as multimodality treatment for LAPC but requires further investigations.

In our nomogram, a high dose may provide favorable OS and PFS, which was proved in previous studies
[14, 26, 27]. Similarly, the radiation dose was also a predictor in the nomogram in a published one [7]. The
median OS and 2-year OS rates of patients with BED10 > 70Gy in our center (data not published) were
consistent with the ones in Krishnan et al [27] (median OS: 20.3 months vs. 17.8 months, 2-year OS rate:
36.8% vs. 36.0%, 3-year OS rate: 18.7% vs. 31.0%). However, there were controversial results from the
meta-analysis [28]. The median OS of two included studies with the most weight employing BED10 > 70Gy
was 12.5 months and 10.3 months, while the median OS with the most weight employing a BED10 of 60-
70Gy from another two studies were found to be 13.9 months and 15.0 months, respectively. The
controversial result could be attributed to the different radiosurgery platforms and chemotherapy
regimens. Hence, the interpretations of the results may not negatively impact clinical practice with dose
escalation as a therapeutic paradigm for LAPC.

We acknowledge several limitations. First, patients in our study did not receive FOLFIRINOX, which may
be given the �rst priority in chemotherapy regimens. However, patients receiving FOLFIRINOX may
experience more severe adverse effects than gemcitabine-based chemotherapy. Furthermore, S-1 is not
recommended in the guideline but it has been proven effective in Asians [3–6]. Therefore, the nomogram
could not be used for patients with FOLFIRINOX. Second, molecular pro�les were not available for much
of the study period and could not be investigated as predictors of outcomes. Nonetheless, our recent
study showed that high signal intensity of Ki-67, P53 and PD-L1 were associated with worse prognosis
[17]. Hence, these signatures would be assessed and included in our next-generation nomogram.
Moreover, we cannot exclude all possibility of residual confounding after internal validation as a result of
possible over�tting from variable and threshold selection for these models. However, internal validation
with bootstrapping and external validation could address the concerns.

Conclusions
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In the context of rapid evolving radiotherapy approaches and more concerns about chemoradiation for
LAPC, our nomograms are able to predict outcomes of LAPC and indicate accurately potential clinical
bene�ts patients achieve after chemoradiotherapy. They may be helpful for treatment decision-making
and highly tailored patient management in clinical practice.
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Declarations
Ethics approval and consent to participate: The study was approved by the institutional review board of
each center and has therefore been performed in accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from each
patient before treatment.

Consent for publication: Not applicable.

Availability of data and materials: All data generated or analyzed during this study are included in this
published article and its supplementary information.

Competing interests: The authors declare that they have no competing interests.

Funding: None.



Page 13/23

Authors' contributions: ZHJ designed the study. ZHJ and JXP revised the manuscript. ZXF, LWY and CYS
performed the research. STS and ZXX collected data from their own center. WYY and ZXF performed data
analysis. ZXZ, JLG, YYS and QSW completed the patients’ follow-up. ZXF drafted the manuscript.

Acknowledgements: We appreciated Dr. Jiuhong Chen and Huijun Chen, Dr. Xiaofei Zhu’s �ancé, for their
precise comments and LinkDoc for their constructive advice in patients’ follow-up.

References
1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020;70:7–30.

2. Hammel P, Huguet F, van Laethem JL, Goldstein D, Glimelius B, Artru P, et al. Effect of
chemoradiotherapy vs chemotherapy on survival in patients with locally advanced pancreatic cancer
controlled after 4 months of gemcitabine with or without erlotinib: The LAP07 randomized clinical
trial. JAMA. 2016;315:1844–53.

3. Hartmann GH. Schlegel W, Sturm V, Kober B, Pastyr O, Lorenz WJ. An early phase II study of S-1 in
patients with metastatic pancreatic cancer. Oncology. 2005;68:171–8.

4. Ueno H, Ioka T, Ikeda M, Ohkawa S, Yanagimoto H, Boku N, et al. Randomized phase III study of
gemcitabine plus S-1, S-1 alone, or gemcitabine alone in patients with locally advanced and
metastatic pancreatic cancer in Japan and Taiwan: GEST study. J Clin Oncol. 2013;31:1640–8.

5. Morizane C, Okusaka T, Furuse J, Ishii H, Ueno H, Ikeda M, et al. A phase II study of S-1 in
gemcitabine-refractory metastatic pancreatic cancer. Cancer Chemother Pharmacol. 2009;63:313–9.

�. Sudo K, Yamaguchi T, Nakamura K, Denda T, Hara T, Ishihara T, et al. Phase II study of S-1 in patients
with gemcitabine-resistant advanced pancreatic cancer. Cancer Chemother Pharmacol.
2011;67:249–54.

7. Choi SH, Park SW, Seong J. A nomogram for predicting survival of patients with locally advanced
pancreatic cancer treated with chemoradiotherapy. Radiother Oncol. 2018;129:340–6.

�. Vernerey D, Huguet F, Vienot A, Goldstein D, Paget-Bailly S, Van Laethem JL, et al. Prognostic
nomogram and score to predict overall survival in locally advanced untreated pancreatic cancer
(PROLAP). Br J Cancer. 2016;115:281–9.

9. Lee SH, Chung MJ, Kim B, Lee HS, Lee HJ, Heo JY, et al. The signi�cance of the prognostic nutritional
index for all stages of pancreatic cancer. Nutr Cancer. 2017;69:512–9.

10. Geng Y, Qi Q, Sun M, Chen H, Wang P, Chen Z. Prognostic nutritional index predicts survival and
correlates with systemic in�ammatory response in advanced pancreatic cancer. Eur J Surg Oncol.
2015;41:1508–14.

11. Ferrone CR, Finkelstein DM, Thayer SP, Muzikansky A, Fernandez-delCastillo C, Warshaw AL.
Perioperative CA19-9 levels can predict stage and survival in patients with resectable pancreatic
adenocarcinoma. J Clin Oncol. 2006;24:2897–902.

12. Von Hoff DD, Ramanathan RK, Borad MJ, Laheru DA, Smith LS, Wood TE, et al. Gemcitabine plus
nab-paclitaxel is an active regimen in patients with advanced pancreatic cancer: a phase I/II trial. J



Page 14/23

Clin Oncol. 2011;29:4548–54.

13. Zhu X, Ju X, Cao Y, Shen Y, Cao F, Qing S, et al. Patterns of local failure after stereotactic body
radiation therapy and sequential chemotherapy as initial treatment for pancreatic cancer:
implications of target volume design. Int J Radiat Oncol Biol Phys. 2019;104:101–10.

14. Zhu X, Li F, Ju X, Shen Y, Cao Y, Cao F, et al. Prediction of overall survival after re-irradiation with
stereotactic body radiation therapy for pancreatic cancer with a novel prognostic model (the SCAD
score). Radiother Oncol. 2018;129:313–8.

15. Zhu X, Li F, Shi D, Ju X, Cao Y, Shen Y, et al. Health-related quality of life for gemcitabine and nab-
paclitaxel plus radiotherapy versus gemcitabine and S-1 plus radiotherapy in patients with
metastatic pancreatic cancer. Cancer Manag Res. 2018;10:4805–15.

1�. Cloyd JM, Wang H, Egger ME, Tzeng CW, Prakash LR, Maitra A, et al. Association of clinical factors
with a major pathologic response following preoperative therapy for pancreatic ductal
adenocarcinoma. JAMA Surg. 2017;152:1048–56.

17. Zhu X, Cao Y, Ju X, Zhao X, Jiang L, Ye Y, et al. Personalized designs of adjuvant radiotherapy for
pancreatic cancer based on molecular pro�les. Cancer Sci. 2020. doi:10.1111/cas.14486.

1�. Zhu X, Li F, Liu W, Shi D, Ju X, Cao Y, et al. Stereotactic body radiation therapy plus induction or
adjuvant chemotherapy for early stage but medically inoperable pancreatic cancer: A propensity
score-matched analysis of a prospectively collected database. Cancer Manag Res. 2018;10:1295–
304.

19. Benedict SH, Yenice KM, Followill D, Galvin JM, Hinson W, Kavanagh B, et al. Stereotactic body
radiation therapy: the report of AAPM Task Group 101. Med Phys. 2010;37:4078–101.

20. Deng QL, Dong S, Wang L, Zhang CY, Ying HF, Li ZS, et al. Development and validation of a
nomogram for predicting survival in patients with advanced pancreatic ductal adenocarcinoma. Sci
Rep. 2017;7:11524.

21. Hamada T, Nakai Y, Yasunaga H, Isayama H, Matsui H, Takahara N, et al. Prognostic nomogram for
nonresectable pancreatic cancer treated with gemcitabine-based chemotherapy. Br J Cancer.
2014;110:1943–9.

22. Palta M, Godfrey D, Goodman KA, Hoffe S, Dawson LA, Dessert D, et al. Radiation therapy for
pancreatic cancer: executive summary of an ASTRO clinical practice guideline. Pract Radiat Oncol.
2019;9:322–32.

23. Vidri RJ, Vogt AO, Macgillivray DC, Bristol IJ, Fitzgerald TL. Better de�ning the role of total
neoadjuvant radiation: changing paradigms in locally advanced pancreatic cancer. Ann Surg Oncol.
2019;26:3701–8.

24. He J, Blair AB, Groot VP, Javed AA, Burkhart RA, Gemenetzis G, et al. Is a pathological complete
response following neoadjuvant chemoradiation associated with prolonged survival in patients with
pancreatic cancer? Ann Surg. 2018;268:1–8.

25. Perri G, Prakash L, Malleo G, Caravati A, Varadhachary GR, Fogelman D, et al. The sequential
radiographic effects of preoperative chemotherapy and (chemo)radiation on tumor anatomy in



Page 15/23

patients with localized pancreatic cancer. Ann Surg Oncol. 2020. doi:10.1245/s10434-020-08427-4.

2�. Zhu X, Li F, Ju X, Cao F, Cao Y, Fang F, et al. Prognostic role of stereotactic body radiation therapy for
elderly patients with advanced and medically inoperable pancreatic cancer. Cancer Med.
2017;6:2263–70.

27. Krishnan S, Chadha AS, Suh Y, Chen HC, Rao A, Das P, et al. Focal radiation therapy dose escalation
improves overall survival in locally advanced pancreatic cancer patients receiving induction
chemotherapy and consolidative chemoradiation. Int J Radiat Oncol Biol Phys. 2016;94:755–65.

2�. Zaorsky NG, Lehrer EJ, Handorf E, Meyer JE. Dose escalation in stereotactic body radiation therapy
for pancreatic cancer: a meta-analysis. Am J Clin Oncol. 2019;42:46–55.

Figures

Figure 1

(A) The nomogram for predicting probability of OS at 1 year and (B) 2 years.
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Figure 2

(A) The calibration plot of OS at 1 year in the development cohort. (B) Net bene�t in relation to threshold
probability of OS at 1 year in the development cohort. (C) The calibration plot of OS at 2 years in the
development cohort. (D) Net bene�t in relation to threshold probability of OS at 2 years in the
development cohort. (E) The calibration plot of OS at 1 year in the validation cohort. (F) Net bene�t in
relation to threshold probability of OS at 1 year in the validation cohort. (G) The calibration plot of OS at 2
years in the validation cohort. (H) Net bene�t in relation to threshold probability of OS at 2 years in the
validation cohort.
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development cohort. (E) The calibration plot of OS at 1 year in the validation cohort. (F) Net bene�t in
relation to threshold probability of OS at 1 year in the validation cohort. (G) The calibration plot of OS at 2
years in the validation cohort. (H) Net bene�t in relation to threshold probability of OS at 2 years in the
validation cohort.
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Figure 3

The nomogram for predicting probability of PFS at 1 year.
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Figure 3

The nomogram for predicting probability of PFS at 1 year.
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Figure 4

(A) The calibration plot of PFS at 1 year in the development cohort. (B) Net bene�t in relation to threshold
probability of PFS at 1 year in the development cohort. (C) The calibration plot of PFS at 1 year in the
validation cohort. (D) Net bene�t in relation to threshold probability of PFS at 1 year in the validation
cohort.
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Figure 4

(A) The calibration plot of PFS at 1 year in the development cohort. (B) Net bene�t in relation to threshold
probability of PFS at 1 year in the development cohort. (C) The calibration plot of PFS at 1 year in the
validation cohort. (D) Net bene�t in relation to threshold probability of PFS at 1 year in the validation
cohort.
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Figure 5

(A) Four groups with different survival probability of OS at 1 year, (B) 2 years and (C) PFS at 1 year.
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