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	 Background:	 Robotic pancreaticoduodenectomy (RPD) is a novel type of minimally invasive surgery to treat tumors located 
at the head of the pancreas. This study aimed to construct a novel prediction model for predicting selection 
preference for RPD in a Chinese single medical center population.

	 Material/Methods:	 The clinical data from 451 pancreatic ductal adenocarcinoma patients were collected and analyzed from January 
2013 to December 2016. Twenty-three items affecting clinical strategies were optimized by LASSO (least abso-
lute shrinkage and selection operator) regression analysis and then were incorporated in multivariable logis-
tic regression analysis. C-index was used for evaluating the discriminative ability. Decision curve was applied 
to determine clinical application of this model and the calibration of this nomogram was evaluated by calibra-
tion plot. The model was internally validated through bootstrapping validation.

	 Results:	 Clinicopathological factors included in the model were age, history of diabetes mellitus, history of hypertension, 
history of heart, brain and kidney disease, history of abdominal surgery, symptoms (jaundice, accidental dis-
covery and weight loss), anemia, elevated carcinoembryonic antigen (CEA), smoking, alcohol intake, American 
Society of Anesthesiologists (ASA) scores, vascular invasion, overweight, preoperative lymph node metastasis 
and tumor size >3.5 cm. A C-index of 0.831 indicated good discrimination and calibration of this model. Interval 
validation generated an acceptable C-index of 0.787. When surgical approach was determined at the thresh-
old of preference possibility less than 63%, decision curve analysis indicated that this model had good clinical 
application value in this range.

	 Conclusions:	 This new nomogram could be conveniently used to predict the selection preference of robotic surgery for pa-
tients with pancreatic head cancer.
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Background

One type of pancreatic cancer, pancreatic ductal adenocarci-
noma, accounts for 90% of pancreatic cancers and is consid-
ered the fourth leading cause of cancer-related deaths in the 
world [1]. In 2018, an estimated 458 918 people will be di-
agnosed with pancreatic cancer, and approximately 432 242 
people will die from this tumor [2]. Pancreatic cancer is char-
acterized by its poor prognosis, with a median survival less 
than 6 months [3]. Surgical resection is the only possible cu-
rative and preferred treatment for pancreatic cancer, improv-
ing long-term survival, compared to chemotherapy, radiother-
apy, or any other adjuvant therapy.

Pancreaticoduodenectomy is the radical operation for carcino-
ma of the head of the pancreas. It represents one of the most 
difficult and complex surgeries for the management of tu-
mor resection and reconstruction of the gastrointestinal tract. 
With advances in minimally invasive techniques, pancreatico-
duodenectomy now can be safely performed by a robotic ap-
proach [4,5]. It results in less surgical trauma and enables fast-
er postoperative recovery [6]. A systemic review that including 
62 studies and 1028 patients concluded that robotic pancre-
aticoduodenectomy (RPD) offers good perioperative and on-
cological outcomes [7]. However, it remains unclear whether 
RPD can be performed in all patients with carcinomas at the 
head of the pancreas, and which kinds of patients are better 
candidates for robotic surgery.

Many high-volume centers have chosen the robotic approach 
for pancreatic surgery. In 2010, Giulianotti et al. reported on 
134 cases of robotic pancreatic surgery from 2000 to 2009 
and concluded that robotic pancreatic surgery is feasible and 
safe [8]. Zureikat et al. performed 250 robot-assisted pancre-
atic resections with a low incidence of conversion from 2008 
to 2012 [9]. In 2017, a Chinese surgical team shared a sin-
gle center experience of robotic pancreatic resections in 1010 
cases; they were convinced that robotic pancreatic surgery 
would gradually replace the open procedure and that a ro-
botic procedure will become the primary choice of approach 
for pancreatectomy [10]. Nevertheless, the decision for robot-
ic pancreaticoduodenectomy depends on the individual judge-
ment of experienced surgeons and the willingness of patients 
in many high-volume centers. As no standard for selection of 
RPD has been set, different centers must set their own stan-
dards for selection.

Our study aimed to explore the predictive factors affecting the 
decision to choose robotic pancreaticoduodenectomy and to 
construct a standardized model of selection preference for RPD 
with the surgical experience of our center. We hope this mod-
el can provide a new predictive tool for selecting RPD candi-
dates for our colleagues and will be validated in future studies.

Material and Methods

Patients

The research protocol for this study was reviewed and ap-
proved by the local ethics committee of Ruijin Hospital. Due to 
the retrospective nature of our study, the ethics committee of 
Ruijin Hospital waived the need for informed consent. Patients 
were recruited from Pancreatic Surgery of Ruijin Hospital from 
January 2013 to December 2016, and they were all diagnosed 
with pancreatic ductal adenocarcinoma. The patients were 
included if their cancer was considered to be resectable by a 
multidisciplinary team consultation with the use of pancreatic 
enhancement computed tomography or magnetic resonance 
imaging. All enrolled patients underwent pancreatoduodenec-
tomy either by the open approach or the robotic approach. 
Patients with illiteracy, severe cognitive impairment, or severe 
physical disorders were excluded. Data regarding demographic, 
laboratory tests, imaging studies, and tumor features of the 
patients were collected from the Hospital Information System.

The exclusion criteria were as follows: 1) patients with heter-
ogenous carcinoma (such as intra-ductal papillary mucinous 
tumor or pancreatic adenosquamous carcinoma); 2) patients 
considered as having distant metastasis by preoperative ex-
amination; 3) clinical data or follow-up data were insufficient; 
and 4) histopathological confirmation cancer was not pancre-
atic ductal adenocarcinoma. No patients received preopera-
tive neoadjuvant therapy or radiotherapy in this study. The fo-
cus of the study was not the surgical procedure. Therefore, 
the details of surgical procedures and lymphadenectomy are 
not described.

Statistical analysis

R software was used for statistical analysis. The mathemati-
cal statistical methods we used in this study are the least ab-
solute shrinkage and selection operator (LASSO) regression 
model, multivariable logistic regression analysis, calibration plot, 
C-index, decision curve analysis, and bootstrapping validation.
The LASSO method is a regression model processing proce-
dure for high dimensional data to generate a model with rel-
atively lower dimension [11,12]. In this study, it was used to 
select potential prediction features in demographic and clinical 
features of pancreatic ductal adenocarcinoma patients. In the 
LASSO method, those features with nonzero coefficients were 
considered as significant predictors [13]. The result is evaluat-
ed by an odds ratio (OR), 95% confidence interval (CI) and cor-
responding P-values. Predictors with P-value <0.05 were con-
sidered statistically significant and involved in the nomogram. 
The calibration of this nomogram was assessed by calibration 
curves [14]. Harrell’s C-index was applied to measure the ap-
parent performance of this prediction nomogram. The C-index 
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was then corrected by bootstrapping validation (1000 boot-
strap resamples) [15]. By comparing the net benefit of RPD 
under different threshold probabilities, clinical usefulness was 
evaluated by decision curve analysis [16]. The net benefit was 
calculated by separating people who did not benefit from RPD 
from all patients who did benefit from RPD, which represents 
the possibility that a patient would benefit from the RPD by 
application of this nomogram [17].

Results

Patient characteristics

Four hundred and fifty-one patients with pancreatic ductal 
adenocarcinoma treated in our center from January 2013 to 
December 2016 were enrolled in our study. All patients were 
sorted into robotic pancreaticoduodenectomy (RPD) group 
and open pancreaticoduodenectomy (OPD) group according 
to the surgical approach (285 males and 166 females; mean 
age 63.64±9.18 years; range 25–85 years). All the demograph-
ic and clinical features in both groups are given in Table 1.

Feature selection and construction of a standardized 
prediction model

Of all potential features, 23 features were reduced to 15 sig-
nificant predictors by LASSO method (Figure 1), including 
age, history of diabetes mellitus, history of hypertension, his-
tory of heart, brain and kidney disease, history of abdomi-
nal surgery, symptoms, anemia, elevated carcinoembryon-
ic antigen (CEA), smoking, alcohol intake, American Society 
of Anesthesiologists (ASA) scores, imaging vascular invasion, 
overweight, preoperative imaging lymph node metastasis, and 
tumor size (Table 2). These predictors were selected and incor-
porated to the nomogram as shown in Figure 2.

Apparent performance of the selection preference 
nomogram in the cohort

The calibration plot showed a good coherence in the cohort 
(Figure 3A). The C-index was 0.831 (95% CI: 0.807–0.907) for the 
primary cohort and validation cohort through bootstrapping also 
showed good accuracy with C-index of 0.787, which indicated 
the good discrimination of this nomogram. The accuracy rate of 
this prediction model is relatively high. The AUC [area under the 
ROC (receiver operating characteristic) curve] for the prediction 
model was 0.810 (95% CI: 0.66-0.76), as shown in Figure 3B.

Clinical use

The practicability of this nomogram was analyzed with a de-
cision curve, as shown in Figure 4. The preference possibility 

of a patient is <63%, which means that within this range, 
more benefits could be gained by application of this prefer-
ence nomogram to predict selection preference, compared 
with the scheme.

Discussion

Nomogram is a multi-index graphical calculating device, which 
is widely used in cancer research to predict prognosis and clin-
ical events [18–21]. Our study might be the first study applied 
to robotic surgery selection preference. In this study, approx-
imately 31% of the pancreatic cancer patients chose RPD for 
treatment. The age, history of diabetes mellitus, history of 
hypertension, history of heart, brain and kidney disease, his-
tory of abdominal surgery, symptoms, anemia, elevated CEA, 
smoking, alcohol intake, ASA scores, vascular invasion, over-
weight, preoperative lymph node metastasis, and tumor size 
were associated with selection preference in robotic pancreatic 
surgery. We included all 15 characteristics into the nomogram 
rather than only the 6 factors with P values <0.05 by multivar-
iate logistic analysis, because more risk factors are related to 
increased sensitivity and specificity of this nomogram. In ad-
dition, these 6 factors should be paid more attention.

The risk factors were then investigated for the selection pref-
erence model of RPD. First, previous abdominal surgery may 
be the most decisive factors for RPD, as few patients with pre-
vious abdominal surgery chose RPD in our study. It is widely 
believed that previous abdominal surgery increases the chance 
of intra-abdominal adhesions, necessitates changes in the in-
sertion site of the surgical instruments and is even considered 
a relative contraindication due to risk of bowel injury during 
the removal of adhesions [22]. Another feature affecting the 
selection preference for RPD is the ASA score. The ASA score is 
designed to assess the physiological status of patients, which 
provides information for clinicians to predict operative risk [23]. 
A higher ASA score indicates increased morbidity and mortal-
ity. In our study, most patients in the RPD group had a lower 
ASA score compared with patients in the OPD group, which 
indicated that patients with a higher ASA score because of 
heart/brain/kidney disease might not be good candidates for 
RPD. After all, patients with those diseases might find it diffi-
cult to tolerate pneumoperitoneum.

As for selection tendency predictors, patients of younger ages 
tend to select RPD for enhanced recovery and better postop-
erative life quality. Patients discovered by accidental exami-
nation or jaundice might pay more attention to their health 
status, which leads to the early detection of the tumor. Those 
patients with early diagnosis are better candidates for RPD 
than patients with a complaint of weight loss, who tend to 
seek treatment in advanced stages of cancer. Patients with 
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Clinical parameters
n (%)

RPD (n=139) OPD (n=312) Total (n=451)

Age (years) <50

	 Yes 	 16	 (0.12) 	 24	 (0.08) 	 40	 (0.09)

	 No 	 123	 (0.88) 	 288	 (0.92) 	 411	 (0.91)

Male

	 Yes 	 88	 (0.63) 	 197	 (0.63) 	 285	 (0.63)

	 No 	 51	 (0.37) 	 115	 (0.37) 	 166	 (0.37)

Overweight (BMI >24)

	 Yes 	 32	 (0.23) 	 56	 (0.18) 	 88	 (0.20)

	 No 	 107	 (0.77) 	 256	 (0.82) 	 363	 (0.80)

HT

	 Yes 	 58	 (0.42) 	 54	 (0.17) 	 112	 (0.25)

	 No 	 81	 (0.58) 	 258	 (0.83) 	 339	 (0.75)

DM

	 Yes 	 41	 (0.29) 	 41	 (0.13) 	 82	 (0.18)

	 No 	 98	 (0.71) 	 271	 (0.87) 	 369	 (0.82)

Heart/brain/kidney disease

	 Yes 	 10	 (0.07) 	 24	 (0.08) 	 34	 (0.08)

	 No 	 129	 (0.93) 	 288	 (0.92) 	 417	 (0.92)

History of abdominal surgery

	 Yes 	 0	 (0.00) 	 32	 (0.10) 	 32	 (0.07)

	 No 	 139	 (1.00) 	 280	 (0.90) 	 419	 (0.93)

Symptoms

	 None 	 40	 (0.29) 	 97	 (0.31) 	 137	 (0.30)

	 Jaundice 	 67	 (0.48) 	 171	 (0.55) 	 238	 (0.53)

	 Accidental discovery 	 26	 (0.19) 	 42	 (0.13) 	 68	 (0.15)

	 Weight loss 	 6	 (0.04) 	 2	 (0.01) 	 8	 (0.02)

Biliary drainage

	 Yes 	 38	 (0.27) 	 88	 (0.28) 	 126	 (0.28)

	 No 	 101	 (0.73) 	 224	 (0.72) 	 325	 (0.72)

Anemia

	 Yes 	 17	 (0.12) 	 47	 (0.15) 	 64	 (0.14)

	 No 	 122	 (0.88) 	 265	 (0.85) 	 387	 (0.86)

Plt >350×109/L

	 Yes 	 8	 (0.06) 	 20	 (0.06) 	 28	 (0.06)

	 No 	 131	 (0.94) 	 292	 (0.94) 	 423	 (0.94)

Alb < 30 g/L

	 Yes 	 8	 (0.06) 	 28	 (0.09) 	 36	 (0.08)

	 No 	 131	 (0.94) 	 284	 (0.91) 	 415	 (0.92)

Table 1. �General Clinical information of patients in robotic pancreaticoduodenectomy group and open OPD pancreaticoduodenectomy 
group.
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Table 1 continued. �General Clinical information of patients in robotic pancreaticoduodenectomy group and open OPD 
pancreaticoduodenectomy group.

Clinical parameters
n (%)

RPD (n=139) OPD (n=312) Total (n=451)

TB >24 μmol/L

	 Yes 	 77	 (0.55) 	 184	 (0.59) 	 261	 (0.58)

	 No 	 62	 (0.45) 	 128	 (0.41) 	 190	 (0.42)

Elevated CEA μg/L

	 Yes 	 30	 (0.22) 	 116	 (0.37) 	 146	 (0.32)

	 No 	 109	 (0.78) 	 196	 (0.63) 	 305	 (0.68)

Elevated CA-199 U/mL

	 Yes 	 106	 (0.76) 	 234	 (0.75) 	 340	 (0.75)

	 No 	 33	 (0.24) 	 78	 (0.25) 	 111	 (0.25)

Elevated CA-125 U/mL

	 Yes 	 20	 (0.14) 	 54	 (0.17) 	 74	 (0.16)

	 No 	 119	 (0.86) 	 258	 (0.83) 	 377	 (0.84)

Smoking

	 Yes 	 40	 (0.29) 	 77	 (0.25) 	 117	 (0.26)

	 No 	 99	 (0.71) 	 235	 (0.75) 	 334	 (0.74)

Alcohol intake

	 Yes 	 30	 (0.22) 	 54	 (0.17) 	 84	 (0.19)

	 No 	 109	 (0.78) 	 258	 (0.83) 	 367	 (0.81)

ASA score

	 0 	 81	 (0.58) 	 82	 (0.26) 	 163	 (0.36)

	 1 	 41	 (0.29) 	 141	 (0.45) 	 182	 (0.40)

	 2 	 12	 (0.09) 	 70	 (0.22) 	 82	 (0.18)

	 3 	 5	 (0.04) 	 19	 (0.06) 	 24	 (0.05)

Imaging vascular invasion

	 Yes 	 13	 (0.09) 	 35	 (0.11) 	 48	 (0.11)

	 No 	 126	 (0.91) 	 277	 (0.89) 	 403	 (0.89)

Imaging LNM

	 Yes 	 16	 (0.12) 	 57	 (0.18) 	 73	 (0.16)

	 No 	 123	 (0.88) 	 255	 (0.82) 	 378	 (0.84)

Tumor size >3.5 cm

	 Yes 	 36	 (0.26) 	 103	 (0.33) 	 139	 (0.31)

	 No 	 103	 (0.74) 	 209	 (0.67) 	 312	 (0.69)

AJCC stage >IIB

	 Yes 	 61	 (0.44) 	 162	 (0.52) 	 223	 (0.49)

	 No 	 78	 (0.56) 	 150	 (0.48) 	 228	 (0.51)

RPD – robotic pancreaticoduodenectomy; OPD – open pancreaticoduodenectomy; BMI – body mass index; HT – hypertension; 
DM – diabetes mellitus; Plt – platelets; Alb – albumin; TB – total bilirubin; CEA – carcinoembryonic antigen; CA – carbohydrate antigen; 
ASA – American Society of Anesthesiologists; LNM – lymph node metastasis; AJCC – American Joint Committee on Cancer.
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Intercept and variable
Multivariate logistic regression model

b Odds ratio (95% CI) P-value

Intercept –0.1183 	 0.888	 (0.451–1.747) 0.731

Age <50 years old 0.9364 	 2.551	 (1.121–5.783) 0.024*

DM 1.0174 	 2.766	 (1.492–5.197) 0.001**

HT 1.1510 	 3.161	 (1.834–5.516) <0.001***

Heart/brain/kidney disease –0.4601 	 0.631	 (0.251–1.496) 0.308

Abdominal surgery –16.7719 	 5.201×10–8	 (9.196×10–89–556649) 0.978

Symptom 0.1260 	 1.134	 (0.640–2.030) 0.668

Anemia –0.6574 	 0.518	 (0.240–1.074) 0.084

CEA abnormity –0.9116 	 0.402	 (0.228–0.691) 0.001**

Smoking 0.3407 	 1.406	 (0.735–2.681) 0.300

Alcohol intake –0.1289 	 0.879	 (0.425–1.802) 0.726

ASA scores –1.2436 	 0.288	 (0.085–0.831) 0.029

Vascular invasion –0.1676 	 0.846	 (0.370–1.853) 0.682

Overweight 0.0791 	 1.082	 (0.589–1.961) 0.796

Imaging LNM –0.7540 	 0.470	 (0.226–0.933) 0.036*

Tumor size >3.5 cm –0.5732 	 0.564	 (0.322–0.969) 0.041*

Table 2. Prediction factors for selection preference of robotic pancreaticoduodenectomy.

b is the regression coefficient. DM – diabetes mellitus; HT – hypertension; CEA – carcinoembryonic antigen; ASA – American Society of 
Anesthesiologists; LNM – lymph node metastasis.
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Figure 1. �General clinical information and characteristic selection using the LASSO (least absolute shrinkage and selection operator) 
regression model.
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hypertension and diabetes mellitus tend to select RPD, prob-
ably due to their higher expectancy of reduced complications 
with minimally invasive techniques. Minimally invasive surgery 
has the characteristics of a precision intraoperative operation, 
which can reduce intraoperative stress, maintain blood pres-
sure stability and maximize organ retention.

Smoking status is considered as an independent predictor of 
postoperative pancreatic fistula after pancreaticoduodenecto-
my [24]; in addition, those patients with smoking history se-
lect RPD for enhanced recovery with their concerns of avoiding 
pulmonary infection. Alcohol consumption is a negative predic-
tor for RPD, for it increases the risk of acute pancreatitis and 
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chronic pancreatitis [25], which causes inflammation and ad-
hesion in the surgical site, making it difficult to operate with a 
robotic approach. Obesity is a risk factor for surgical site infec-
tion after elective surgery [26], while it is defined as a prefer-
ence feature for RPD. The laparoscopic system is more suitable 
for obese patients with limited abdominal space to perform 
the surgery. Many studies suggested that patients with high-
er body mass index had more postoperative complications 
such as pancreatic fistula, but no significant association with 
mortality [27–31]. Some studies showed that obesity increas-
es postoperative complications regardless of approach, but a 
robotic approach can mitigate some of the increased compli-
cations, such as decreased operation time and less wound in-
fection, while preserving other perioperative outcomes [32,33].

For tumor biomarkers, CEA was used for selection for RPD in-
stead of CA 19-9. Some studies considered that the indepen-
dent risk predictors of postoperative serum CA19-9, CA125, 
and CEA indicated poor surgical outcome in pancreatic duc-
tal adenocarcinoma [34]. CA 19-9 is a good indicator for the 
screening of pancreatic cancer [35] but was not a good pre-
dictor of selection for RPD in our study. This is probably be-
cause the levels of CA 19-9 are evaluated in most pancreatic 
ductal adenocarcinoma patients. Cases with larger tumor size, 
preoperative imaging lymph node metastasis, or imaging vas-
cular involvement are all unsuitable for RPD. Not surprisingly, 
the size of pancreatic tumors is associated with tumor stage and 
overall survival [36], and lymph node metastasis and vascular 

involvement of pancreatic cancer are associated with more 
advanced stage and poorer prognosis [37–39]. Patients with 
these tumor features seldom benefited from robotic surgery.

Since Giulianotti et al. successfully performed the first RPD, 
robotic surgery has been widely applied to pancreatic sur-
gery [40]. Compared with laparoscopic surgery, robotic sur-
gery has comparable perioperative outcomes but more flexi-
bility and reduced learning curve [41–43]. In Asian countries, 
RPD has currently become common. In our hospital, surgeons 
have been performing RPD since 2010 and laparoscopic pan-
creaticoduodenectomy (LPD) has rarely been performed in re-
cent years. That is why our study aimed to establish a pre-
diction model by nomogram to evaluate the preference of 
receiving RPD, instead of comparing the clinical outcomes be-
tween RPD and LPD. Hopefully, our studies will provide use-
ful enlightenment for the selection of these 2 minimally inva-
sive surgical procedures.

There are some deficiencies in this study. First, the data were 
collected and processed between 2013 and 2016 retrospec-
tively, which inevitably will cause some selection bias. In ad-
dition, the cohort cannot represent all resectable Chinese 
pancreatic ductal adenocarcinoma patients. Some patients 
who are unaware of the disease or are unable to afford sur-
gery were not included in our study. Second, due to our lim-
ited energy, not all potential risk factors that affected the se-
lection preference were analyzed in our study. Third, we used 
bootstrap testing to validate the reliability of our nomogram, 
but due to the lack of external validation, we cannot deter-
mine the universality of our model. Further studies are need-
ed to externally evaluate the usefulness of this nomogram in 
wider populations.

Conclusions

Our study aimed to construct a relatively accurate model to 
predict the selection preference of robotic pancreaticoduode-
nectomy in pancreatic ductal adenocarcinoma patients using 
a nomogram. This approach only requires preoperative clini-
cal data, and after preliminary evaluation with our nomogram, 
surgeons and patients can make an easier decision regarding 
the surgical approach. However, external validation is required 
in future research to determine whether this nomogram of se-
lection preference can help surgeons select candidates for ro-
botic surgery more accurately and create a wider indication 
of robotic surgery in pancreatic cancer patients.
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