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Background: Intrahepatic cholangiocarcinoma (ICC) is a highly metastatic cancer. 18F-fluorodeoxyglucose 
positron emission tomography/computed tomography (18F-FDG PET/CT) enables sensitive tumor and 
metastasis detection. Our aim is to evaluate the influence of pre-treatment PET/CT on the N- and M-staging 
and subsequent clinical management in ICC patients.
Methods: Between August 2010 and August 2018, 660 consecutive ICC patients, without prior anti-tumor 
treatments nor other malignancies, were enrolled. The diagnostic performance of PET/CT on the N- and 
M-staging was compared with conventional imaging, and the preoperative staging accuracy and treatment 
re-allocation by PET/CT were retrospectively calculated. Survival difference was compared between patients 
receiving PET/CT or not after propensity score matching.
Results: Patients were divided into group A (n=291) and group B (n=369) according to whether PET/CT 
was performed. Among 291 patients with both PET/CT and conventional imaging for staging in group A, 
PET/CT showed significantly higher sensitivity (83.0% vs. 70.5%, P=0.001), specificity (88.3% vs. 74.9%, 
P<0.001) and accuracy (86.3% vs. 73.2%, P<0.001) than conventional imaging in diagnosing regional lymph 
node metastasis, as well as higher sensitivity (87.8% vs. 67.6%, P<0.001) and accuracy (93.5% vs. 89.3%, 
P=0.023) in diagnosing distant metastasis. Overall, PET/CT improved the accuracy of preoperative staging 
from 60.1% to 71.8% (P<0.001), and modified clinical treatment strategy in 5.8% (17/291) of ICC patients, 
with unique roles in different tumor-node-metastasis (TNM) stages. High tumor-to-non-tumor ratio (TNR) 
predicted poor overall survival [hazard ratio (HR) = 2.17; 95% confidence interval (CI): 1.49–3.15; P<0.001]. 
Furthermore, patients performing PET/CT had longer overall survival compared with those without PET/
CT (HR =0.74; 95% CI: 0.58–0.93; P=0.011) after propensity score matching.
Conclusions: PET/CT was valuable for diagnosing regional lymph node metastasis and distant metastasis 
in ICC patients, and facilitated accurate tumor staging and optimal treatment allocation.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most 
common primary liver cancer after hepatocellular carcinoma, 
with increasing incidence and mortality worldwide (1,2). 
The clinical management of ICC remains challenging due 
to limited treatment options. Surgical resection is the only 
potentially curative treatment for selective patients, but 
postoperative survival is poor and significantly varies across 
different tumor-node-metastasis (TNM) stages (3). For those 
with distant metastasis, surgery is not recommended and 
systemic therapy is needed. Thus, accurate tumor staging and 
tumor burden estimation are extremely important for optimal 
treatment allocation in ICC.

18F-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) provides both 
molecular information of glucose metabolism and precise 
anatomical location of lesions, which is known for its value 
in detecting occult metastasis (4), diagnosing early tumor 
relapse (5), and monitoring treatment effect (6). Hence, 
PET/CT has been widely used in clinical oncological 
practice as a supplement to conventional imaging 
examinations (CIE) including computed tomography (CT) 
and magnetic resonance imaging (MRI).

Despite that ICC is highly metastatic, the role of PET/
CT in ICC has not been well established in clinical practice 
guidelines, which may limit its application (7-10). Although 
PET/CT has no obvious advantages over CIE in diagnosing 
primary tumor of ICC (11), emerging evidence has shown 
its potential in detecting extrahepatic metastasis (12-14), 
predicting prognosis (15-17), and refining treatment strategy 
(18,19). However, those studies always enrolled small cohorts 
with both intrahepatic and extrahepatic biliary cancers, 
yielding conflicting results and thus requiring validation 
in larger cohorts. Meanwhile, little is known about the 
precise role of PET/CT in different TNM stages of ICC 
patients and its effect on survival outcomes. Therefore, we 
conducted this retrospective study in large cohort of ICC 
patients to compare the diagnostic performance of PET/
CT and conventional imaging on the N- and M-staging, and 
evaluate the influence of PET/CT on subsequent clinical 

management. We present the following article in accordance 
with the STARD reporting checklist (available at https://
hbsn.amegroups.com/article/view/10.21037/hbsn-21-25/rc).

Methods

Patient selection

Between August 2010 and August 2018, 660 consecutive 
patients with pathologically confirmed ICC, and complete 
clinical and imaging data, without prior anti-tumor 
treatments nor other malignancies, were retrospectively 
enrolled (Figure 1). All the patients underwent abdominal 
contrast-enhanced MRI and/or CT, and chest radiography 
or CT for preoperative evaluation, 291 of whom received 
PET/CT for pre-treatment staging. The median time 
between abdominal MRI/CT and PET/CT was 2 days 
(range, 0–20 days). Detailed imaging examinations were 
listed in Table S1. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
The study was approved by institutional ethics board 
of Zhongshan Hospital, Fudan University (No. B2020-
322) and informed consent was taken from all individual 
participants.

Imaging techniques

Three PET/CT instruments (GE Discovery VCT 64, 
GE company, USA; UMI 510, UMI 780, United imaging, 
China) were performed with routine CT parameters (tube 
voltage, 120–140 kV; tube current, 140 mA; slice thickness, 
3.75 mm; pitch, 0.516; rotating speed, 0.33 s/r; matrix, 
512×512; spacing, 1.25 mm) and PET parameters (visual 
field, 15 cm; 2 min/bed, 6–8 beds/patient). PET data was 
first attenuated based on CT, then filtered and reconstructed 
based on ordered subset expectation maximization. Before 
the injection of 18F-FDG (3.7–5.6 MBq/kg; Shanghai 
Atomic Science and Technology Pharmaceutical Co., Ltd., 
China), patients were required to fast for more than 6 hours 
(for satisfying serum glucose levels within 7.4 mmol/L). 
Patients with diabetes needed to keep their serum glucose at 
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normal levels 2–3 days before the PET/CT examination. To 
reduce the non-neoplastic physiological intake of 18F-FDG, 
patients were demanded to rest for approximate 60 minutes 
in the dark room before scanning.

Contrast-enhanced MRI was performed with gadopentetate 
dimeglumine (Magnevist, Bayer Pharma, Berlin, Germany; 
3.0 mL/s) on 1.5 or 3.0 Tesla scanners. Abdominal sequences 
were as below: transverse fat-suppressed T2-weighted imaging, 
magnetic resonance (MR) cholangiopancreatography, gradient 
echo T1-weighted in-phase and opposed-phase imaging, 
free-breathing diffusion-weighted imaging (b value, 0 and  
500 s/mm2), apparent diffusion coefficient mapping, pre-contrast 

and dynamic contrast-enhanced images (arterial phase 20–30 s; 
portal venous phase, 60–70 s; delayed phase, 180 s) using three-
dimensional T1-weighted volumetric-interpolated breath-hold 
examination. More parameters were displayed in Table S2.

Several multi-slice CT scanners were implemented with 
contrast medium (Ultravist 300 mgI/mL, Bayer Healthcare, 
Berlin, Germany; 1.5 mL/kg and 3.0 mL/s) for detecting 
liver lesions. The corresponding slice thickness, tube 
current, peak voltage, pitch, rotation time, field of view, 
and matrix were 5 mm, 120–200 mA, 120 kV, 0.85–1.0, 
0.5 s, 320–380 mm, and 512×512, respectively. Scanning 
protocols included pre-contrast, arterial, portal venous, and 

Figure 1 Flow chart of patient selection. ICC, intrahepatic cholangiocarcinoma; PET/CT, positron emission tomography/computed 
tomography; CIE, conventional imaging examination.

Patients with pathologically confirmed ICC 
from August 2010 to August 2018 (n=906)

Patients included in analysis (n=660)

Patients underwent both PET/CT 
and CIE (group A, n=291)

Survival analysis (n=278) Survival analysis (n=361)

Matched patients (n=220) Matched patients (n=220)

Death within 3 months 
after operation (n=13)

Death within 3 months 
after operation (n=8)

Matched out (n=58) Matched out (n=141)

Patients only underwent 
CIE (group B, n=369)

Excluded (n=246)

	Imaging examinations in other 

hospitals (n=143);

	Complicated with other tumors (n=41);

	Prior anti-tumor treatment (n=31);

	Incomplete clinical data (n=21);

	Recurrent ICC (n=10)

Propensity score matching 
Rate =1:1, caliper =0.02
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delay phases.

Imaging analysis

The MRIs, CTs, and chest radiography were independently 
interpreted by two experienced radiologists, and PET/CT 
was independently interpreted by two experienced nuclear 
physicians. These readers were blinded to the pathologic 
information. A consensus was reached after mutual 
consultation in cases of discrepancy. As a semi-quantitative 
indicator of tumor glycolysis in PET/CT, standardized 
uptake value (SUV) was calculated as activity of imaging 
agent per unit volume of the lesion divided by injection 
dose divided by body weight in kilograms. The maximum of 
SUV was defined as SUVmax, and the SUVmax of normal 
liver was calculated as the average of 5 regions of interest 
(ROIs) from different liver segments (12). Tumor-to-non-
tumor ratio (TNR) was defined as SUVmax of the tumor 
divided by SUVmax of the normal liver.

Regional lymph node (LN) metastases were limited at the 
hilar, periduodenal, and peripancreatic areas, beyond where 
were defined as distant metastases (9). LNs were interpreted 
as malignant on CIE if their short-axis diameter exceeded 
10 mm (20). In PET/CT, LNs were interpreted as positive 
for metastasis based on SUVmax beyond 2.5 (21). The 
interpretation of distant metastases depended on anatomic 
information and abnormal radiographic findings. By PET/
CT, elevated FDG uptake of lesions assisted in determining 
malignancy or not.

Reference standard

When available, surgical resection or biopsy of LNs and 
metastatic lesions were used as the standard of reference. 
For cases without pathological results, we reviewed 
follow-up imaging and applied the RECIST to determine 
malignancy when lesions met the criteria of progression (22).

Tumor staging and treatment allocation

Patients were staged according to the 8th edit ion 
of American Joint Committee on Cancer (AJCC)-
classification system (23). CIE staging was solely based 
on the preoperative CIE including abdominal contrast-
enhanced MRI and/or CT, and chest radiography or 
CT. PET/CT staging was based on the combination of 
preoperative PET/CT and CIE. The final staging was 
based on the combination of pre-treatment imaging, 

surgery, pathology, and post-treatment follow-up imaging. 
The accuracy of CIE staging and PET/CT staging 
was calculated by comparing with the final staging. 
The modification of treatment allocation was reviewed 
according to electronic patient records.

Propensity score matching (PSM)

Because PET/CT examination was not randomly assigned 
to patients, we applied PSM to reduce selection bias and 
potential confounding factors. Variables that may influence 
the assignation of PET/CT and clinical outcomes, including 
age, gender, clinical symptom, carbohydrate antigen 19-9 
(CA19-9), carcinoembryonic antigen (CEA), hepatitis B 
virus (HBV) infection, liver cirrhosis, tumor diameter, 
tumor number, vascular invasion, regional LN metastasis, 
and distant metastasis, were comprehensively enrolled in 
the calculation of the propensity score. The caliper value 
was set as 0.02 and binary logistic regression was used to 
generate a propensity score from 0 to 1. Nearest-neighbor 
matching was used without replacement at a ratio of 1:1.

Statistical analysis

The primary outcome measures were the sensitivity and 
specificity of PET/CT compared with conventional imaging 
in diagnosing regional LN metastasis. A total of 280 
patients with both PET/CT and conventional imaging were 
need to detect a 15% difference in sensitivity and specificity 
at the 0.05 level of significance with 80% power, assuming 
a 70% sensitivity and 75% specificity of conventional 
imaging and a regional LN metastasis prevalence rate of 
40%. Categorical variables were presented as numbers 
(percentages) and compared using χ2 test. Continuous 
variables were presented as medians (ranges) and compared 
using Mann-Whitney U test. The McNemar test was 
used to compare diagnostic performance between PET/
CT and CIE, and the accuracy of CIE staging and PET/
CT staging. Overall survival (OS) was calculated from 
the date of the operation or diagnosis until death or last 
follow-up. Recurrence-free survival (RFS) was calculated 
from the date of the operation to the date of recurrence or 
death or last follow-up. Survival analysis was performed 
using Kaplan-Meier and compared with log-rank test. 
Multivariate Cox proportional hazards regression analysis 
was performed to identify independent prognostic factors. 
Analyses were performed with SPSS software, version 25.0 
(IBM Corporation, Armonk, NY, USA). A two-tail P<0.05 
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was considered statistically significant.

Results

Patient characteristics

In this study, 660 ICC patients were enrolled (Figure 1). The 
median age was 63 years (range, 21–89 years), with 423 men  
(64.1%) and 237 women (35.9%). Of these patients, 218 
(33.0%) were infected with HBV and 116 (17.6%) had 
cirrhosis. Two hundred and eighty patients (42.4%) were 
admitted to hospital for symptoms, including abdominal 
pain, asthenia, and jaundice. Abnormal serum levels of 

CA19-9 and CEA were found in 348 patients (52.7%) and 
171 patients (25.9%), respectively. The median follow-
up time was 22.2 months. Two hundred and ninety-one 
patients (44.1%) received both PET/CT and CIE (group 
A), while the rest 369 patients (55.9%) only underwent CIE 
(group B). Detailed clinicopathological data of patients 
before and after PSM were listed in Table 1.

Diagnostic efficiency comparison

Among 291 patients in group A, regional LN metastases 
were confirmed in 112 patients pathologically (n=71) or 
during follow-up imaging (n=41). Sensitivity, specificity 

Table 1 Patient characteristics grouped by PET/CT before and after PSM

Characteristics All (n=660)
Before PSM, No. (%) After PSM, No. (%)

Group A (n=291) Group B (n=369) P value Group A (n=220) Group B (n=220) P value

Age (years), median [range]† 63 [21–89] 63 [21–88] 62 [29–89] 0.609 63 [21–88] 64 [35–89] 0.415

Gender (male) 423 (64.1) 182 (62.5) 241 (65.3) 0.462 137 (62.3) 131 (59.5) 0.558

Clinical symptoms (positive) 280 (42.4) 137 (47.1) 143 (38.8) 0.032 91 (41.4) 102 (46.4) 0.291

CA19-9 (≥37 U/mL) 348 (52.7) 188 (64.6) 160 (43.4) <0.001 130 (59.1) 130 (59.1) 1.000

CEA (≥5 ng/mL) 171 (25.9) 91 (31.3) 80 (21.7) 0.005 59 (26.8) 57 (25.9) 0.829

HBV infection 218 (33.0) 73 (25.1) 145 (39.3) <0.001 59 (26.8) 54 (24.5) 0.585

Liver cirrhosis 116 (17.6) 35 (12.0) 81 (22.0) 0.001 30 (13.6) 30 (13.6) 1.000

Tumor diameter (≥5 cm) 387 (58.6) 196 (67.4) 191 (51.8) <0.001 135 (61.4) 142 (64.5) 0.490

Tumor number (multiple) 241 (36.5) 136 (46.7) 105 (28.5) <0.001 87 (39.5) 81 (36.8) 0.556

Vascular invasion 294 (44.5) 151 (51.9) 143 (38.8) <0.001 110 (50.0) 105 (47.7) 0.633

Regional LN metastasis 185 (28.0) 112 (38.5) 73 (19.8) <0.001 66 (30.0) 64 (29.1) 0.834

Distant metastasis 125 (18.9) 74 (25.4) 51 (13.8) <0.001 43 (19.5) 43 (19.5) 1.000

Treatments‡

Surgical resection 527 (79.8) 209 (71.8) 318 (86.2) <0.001 163 (74.1) 191 (86.8) 0.033

TACE + surgical resection 22 (3.3) 8 (2.7) 14 (3.8) 8 (3.6) 6 (2.7)

Liver transplantation 11 (1.7) 10 (3.4) 1 (0.3) 9 (4.1) 1 (0.5)

Radiofrequency ablation 7 (1.1) 4 (1.4) 3 (0.8) 4 (1.8) 1 (0.5)

TACE 53 (8.0) 31 (10.7) 22 (6.0) 17 (7.7) 15 (6.8)

Chemotherapy 23 (3.5) 20 (6.9) 3 (0.8) 12 (5.5) 1 (0.5)

Supportive care 17 (2.6) 9 (3.1) 8 (2.2) 7 (3.2) 5 (2.3)
†, compared using Mann-Whitney U test; ‡, treatments are divided into curative treatments (surgical resection, TACE + surgical 
resection, liver transplantation, and radiofrequency ablation) and non-curative treatments (others) and compared using χ2 test. PET/
CT, positron emission tomography/computed tomography; PSM, propensity score matching; CA19-9, carbohydrate antigen 19-9; CEA, 
carcinoembryonic antigen; HBV, hepatitis B virus; LN, lymph node; TACE, transcatheter arterial chemoembolization.
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positive predictive value (PPV), negative predictive value 
(NPV), and accuracy of PET/CT and CIE were 83.0%, 
88.3%, 81.6%, 89.3%, 86.3% and 70.5%, 74.9%, 63.7%, 
80.2%, 73.2%, respectively. PET/CT was superior to 
CIE in terms of diagnostic sensitivity (83.0% vs. 70.5%, 
P=0.001), specificity (88.3% vs. 74.9%, P<0.001), and 
accuracy (86.3% vs. 73.2%, P<0.001) (Table 2). 

To achieve better diagnostic efficiency in regional LN 
metastasis, we attempted to combine SUVmax and short-
axis diameter. Both SUVmax >2.5 and short-axis diameter 
≥1.0 cm were defined as criterion I, while either SUVmax 
>2.5 or short-axis diameter ≥1.0 cm was defined as criterion 
II. Compared with the classical SUVmax cut-off value of 2.5, 
the criteria I significantly improved specificity (92.7% vs. 
88.3%, P=0.008), but reduced sensitivity (68.8% vs. 83.0%, 
P<0.001), and the criteria II showed no obvious advantage 
(Table 3). Taken together, these results indicated that 
SUVmax was a reliable indicator for diagnosing regional 
LN metastasis.

Totally, distant metastases were confirmed in 74 of the 

291 patients pathologically (n=18) or by follow-up imaging 
(n=56). The most common sites were distant LN metastases 
(n=48, 64.9%), followed by osseous metastases (n=20, 
27.0%), pulmonary metastases (n=16, 21.6%) and peritoneal 
dissemination (n=12, 16.2%). Sensitivity, specificity, PPV, 
NPV, and accuracy of PET/CT and CIE were 87.8%, 
95.4%, 86.7%, 95.8%, 93.5% and 67.6%, 96.8%, 87.7%, 
89.7%, 89.3%, respectively. Indeed, PET/CT showed 
significantly higher sensitivity (87.8% vs. 67.6%, P<0.001) 
and accuracy (93.5% vs. 89.3%, P=0.023) than CIE, with 
comparable specificity (95.4% vs. 96.8%, P=0.508) (Table 2).

Preoperative staging and treatment allocation

After incorporating PET/CT in group A, the accuracy of 
preoperative staging was significantly improved from 60.1% 
to 71.8% (P<0.001). The treatment strategies of 17 cases 
(5.8%) were modified including avoiding unnecessary surgery 
in 13 cases (Figure 2), performing extended LN dissection 
in 3 cases, and treating osseous metastasis using γ knife in  

Table 2 Diagnostic efficiency†

Diagnostic 
efficiency

Regional LN metastasis Distant metastasis

PET/CT (%) CIE (%) P value PET/CT (%) CIE (%) P value

Sensitivity 93/112 (83.0) 79/112 (70.5) 0.001 65/74 (87.8) 50/74 (67.6) <0.001

Specificity 158/179 (88.3) 134/179 (74.9) <0.001 207/217 (95.4) 210/217 (96.8) 0.508

PPV 93/114 (81.6) 79/124 (63.7) NA 65/75 (86.7) 50/57 (87.7) NA

NPV 158/177 (89.3) 134/167 (80.2) NA 207/216 (95.8) 210/234 (89.7) NA

Accuracy 251/291 (86.3) 213/291 (73.2) <0.001 272/291 (93.5) 260/291 (89.3) 0.023
†, compared using McNemar test. LN, lymph node; PET/CT, positron emission tomography/computed tomography; CIE, conventional 
imaging examination; PPV, positive predictive value; NPV, negative predictive value; NA, not available.

Table 3 Comparison of diagnostic efficiency with combined criteria

Diagnostic 
efficiency

SUVmax only (%) Criterion I† (%) P value Criterion II‡ (%) P value

Sensitivity 93/112 (83.0) 77/112 (68.8) <0.001 95/112 (84.8) 0.500

Specificity 158/179 (88.3) 166/179 (92.7) 0.008 126/179 (70.4) <0.001

PPV 93/114 (81.6) 77/90 (85.6) NA 95/148 (64.2) NA

NPV 158/177 (89.3) 166/201 (82.6) NA 126/143 (88.1) NA

Accuracy 251/291 (86.3) 243/291 (83.5) 0.152 221/291 (75.9) <0.001
†, SUVmax >2.5 and short-axis diameter ≥1.0 were considered positive; ‡, either SUVmax >2.5 or short-axis diameter ≥1.0 cm was 
considered positive. SUVmax, maximum standardized uptake value; PPV, positive predictive value; NPV, negative predictive value; NA, not 
available.
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Figure 2 An example of treatment modification by PET/CT. A 60-year-old patient was admitted to our hospital for abdominal discomfort. (A) 
Abdominal contrast-enhanced MRI detected a cystic-solid mass (7.6 cm × 4.8 cm, white arrows) in the left lateral lobe. The initial treatment 
was surgical resection. (B) PET/CT images showed the primary lesion and multiple osseous metastases (right ilium, rib, sternum, thoracic 
vertebra, and lumbar vertebra, yellow arrows). The tumor staging was upgraded from TNM IIIB to TNM IV, thus the patient received 
chemotherapy instead of resection. (C) After 2 months, PET/CT reexamination showed that the pulmonary inflammatory absorbed (red 
arrow), and the volume and metabolism of partial osseous metastases deteriorated (rib, sternum, right ilium). PET/CT, positron emission 
tomography/computed tomography; MRI, magnetic resonance imaging; TNM, tumor-node-metastasis.

1 case. The details were listed in Table S3.
Totally, PET/CT identified new lesions in 62 cases, 

consisting of regional LN metastases, distant metastases, 
and both metastases in 17, 39, and 6 cases, respectively. The 
new lesions in 50 cases (80.6%) were proved to be “true”. 
Meanwhile, PET/CT modified preoperative staging in 
68 cases (upgrade in 36 cases and downgrade in 32 cases), 
75.0% of which were proved correct. Although PET/CT 
showed higher diagnostic performance than CIE on the N- 
and M-staging, there were still some false positives and false 
negatives which resulted in stage migrations. 

Notably, PET/CT played unique roles among different 
TNM stages (Table 4). In stages IA, IB, and II patients, 
PET/CT detected new lesions in 1/43 (2.3%), 2/20 (10.0%), 

and 20/78 (25.6%) of cases, respectively, indicating that 
PET/CT played an increasingly important role with the 
increase of tumor burden. For TNM stage III patients, 
PET/CT could not only detect new lesions in 13/93 (14.0%) 
of cases but also reevaluate enlarged LNs in 29/93 (31.2%) 
of cases. More new distant lesions in 26/57 (45.6%) of cases 
were detected and tumor burden was estimated correctly by 
PET/CT in TNM stage IV patients.

Prognosis prediction

In survival analyses, 13 patients who died after operations 
within three months were excluded. For the remaining 
278 patients in group A, 210 patients received surgery 

https://cdn.amegroups.cn/static/public/HBSN-21-25-Supplementary.pdf
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Table 4 Influences of PET/CT according to baseline CIE staging

Influences of PET/CT
CIE staging, No. (%) Total (n=291), 

No. (%)IA (n=43) IB (n=20) II (n=78) III (n=93) IV (n=57)

New lesions

Regional LN metastasis 1 (2.3) 2 (10.0) 13 (16.7) 0 1 (1.8) 17 (5.8)

Distant metastasis 0 0 3 (3.8) 13 (14.0) 23 (40.4) 39 (13.4)

Both metastases† 0 0 4 (5.1) 0 2 (3.5) 6 (2.1)

Staging modification

Upgrade 1 (2.3) 2 (10.0) 20 (25.6) 13 (14.0) 0 36 (12.4)

Downgrade 0 0 0 29 (31.2) 3 (5.3) 32 (11.0)

Treatment modification

Avoiding unnecessary surgery 0 0 2 (2.6) 6 (6.5) 5 (8.8) 13 (4.5)

Performing extended lymph node dissection 0 0 1 (1.3) 2 (2.2) 0 3 (1.0)

Treating osseous metastasis using γ knife 0 0 0 0 1 (1.8) 1 (0.3)
†, both metastases include regional LN metastasis and distant metastasis. PET/CT, positron emission tomography/computed tomography; 
CIE, conventional imaging examination; LN, lymph node.

and the optimal tumor SUVmax and TNR cut-off values 
were 9.5 and 3.2, as determined by minimum P values 
of OS. Patients with high TNR had significantly shorter 
OS [hazard ratio (HR) =2.17; 95% confidence interval 
(CI): 1.49–3.15; P<0.001] (Figure 3A) and RFS (HR 
=1.93; 95% CI: 1.40–2.67; P<0.001) (Figure S1A) than 
those with low TNR. Similarly, patients with high tumor 
SUVmax had significantly shorter OS (HR =1.80; 95% 
CI: 1.24–2.62; P=0.001) (Figure 3B) and RFS (HR =1.69; 

95% CI: 1.23–2.34; P<0.001) (Figure S1B). Intriguingly, 
TNR, instead of tumor SUVmax, remained significant 
on multivariate analyses for both OS (HR =1.60; 95% 
CI: 1.07–2.38; P=0.023) and RFS (HR =1.63; 95% CI: 
1.18–2.25; P=0.003) after adjusting for clinicopathologic 
variables, suggesting that TNR might be a better 
prognostic indicator than tumor SUVmax (Tables S4,S5). 
For all patients with various treatments, high TNR and 
tumor SUVmax still predicted poor outcomes, indicating 

Figure 3 Kaplan-Meier curves for OS by TNR and tumor SUVmax. Kaplan-Meier curves based on TNR (A) and tumor SUVmax (B) for 
OS in patients receiving surgery (n=210). P values were calculated from the log-rank test. HR, hazard ratio; TNR, tumor-to-non-tumor 
ratio; SUVmax, maximum standardized uptake value; OS, overall survival.
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the robustness of two indicators (Figure S1C,S1D).
CA19-9 has been widely used for predicting outcomes in 

ICC (24), and thus we divided patients into four subgroups 
according to the CA19-9 and TNR status. Patients with 
abnormal CA19-9 and high TNR had the worst OS, while 
patients with normal CA19-9 and low TNR had the best 
OS (Figure S1E). Notably, high TNR still predicted poor 
OS irrespective of patients with normal CA19-9 (HR 
=2.57; 95% CI: 1.21–5.44; P=0.004) or abnormal CA19-
9 (HR =1.78; 95% CI: 1.16–2.75; P=0.009), indicating the 
complementarity of CA19-9 and TNR.

Survival benefit

To explore the survival benefit of performing PET/CT, 
we compared the OS of patients performing PET/CT 
(group A) and those without PET/CT (group B). However, 
the clinicopathological features of patients in group A 
were more aggressive than group B (Table 1). As excepted, 
patients in group A had significantly shorter OS than group 
B (HR =1.34; 95% CI: 1.09–1.66; P=0.005) (Figure 4A).  
When performing multivariate analysis,  we found 
undergoing PET/CT was an independent protective factor 
for OS (HR =0.78; 95% CI: 0.62–0.97; P=0.028) (Table S6). 
Thus, we exploratively applied PSM to reduce select biases 
and confounding factors. There remained 220 patients 
in both groups A and B with similar clinicopathological 
characteristics (Table 1). The treatment allocation was 
significantly different where curative treatments were 
performed in 83.6% of patients in group A and 90.5% in 
group B (P=0.033), authenticating the impact of PET/CT 

on clinical treatment strategy. Indeed, patients in group A 
had significantly longer OS than group B (HR =0.74; 95% 
CI: 0.58–0.93; P=0.011) (Figure 4B) after PSM, possibly due 
to the precise evaluation of tumor burden and subsequent 
proper treatment selection.

Discussion

In this retrospective analysis of a large cohort of ICC patients, 
PET/CT was proved to be superior to conventional imaging 
in diagnosing regional LN metastasis and distant metastasis. 
After performing PET/CT, new lesions were detected and 
tumor staging was refined, leading to optimization of treatment 
allocation and improvement in patient clinical outcomes. 
Meanwhile, high tumor SUVmax or TNR indicated increased 
recurrence and dismal survival. As such, PET/CT should be 
recommended for clinical practice, considering the extremely 
high metastatic rate of ICC.

LN metastasis is the most common metastatic route 
of ICC and signifies a dismal outcome (25). Nonetheless, 
the benefit of routine lymphadenectomy, especially in 
those with negative clinical diagnosis, is still controversial 
due to the postoperative morbidity and uncertainty of 
survival benefit (26-29). Accurate imaging assessment 
of LN metastasis is an urgent need for ICC patients, 
but the comparison of diagnostic performance of PET/
CT and CIE remains controversial (11,13,19). Using the 
largest ICC cohort to date, we confirmed the diagnostic 
superiority of PET/CT to CIE in LN metastasis. As such, 
the comparison between routine lymphadenectomy and 
selective lymphadenectomy under the guidance of PET/CT 

Figure 4 OS comparison before and after PSM. Kaplan-Meier curves for OS in group A and group B before PSM (A) and after PSM (B). P 
values were calculated from the log-rank test. HR, hazard ratio; OS, overall survival; PSM, propensity score matching.
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is worthy of further prospective clinical trials.
Preoperative staging is decisive to the treatment 

strategies of cancer patients. A prospective, multi-
center trial in lymphoma has demonstrated that PET/
CT facilitated correct tumor staging and subsequent 
clinical management, leading to lower mortality (30). 
Herein, PET/CT significantly enhanced the accuracy of 
preoperative staging of ICC from 60.1% to 71.8% by more 
accurate assessment of metastasis. In addition to treatment 
modification in 5.8% of ICC patients, precise evaluation of 
tumor burden by PET/CT may also bring clinical benefits 
including the scheme optimization of systemic therapy and 
surveillance of therapeutic effects. Meanwhile, we showed 
unique roles of PET/CT in different TNM stages due to 
either detecting new lesions or reevaluating enlarged LNs 
on CIE. PET/CT has relatively limited effect on early-stage 
patients that 2.3% of stage IA patients and 10.0% of stage 
IB patients were upgraded. However, the numbers of stages 
IA and IB patients were relatively small in our cohort (n=43 
and 20, respectively). Thus, the application of PET/CT 
in early-stage patients remains to be further explored. In 
stages II and III patients, PET/CT played an important role 
in preoperative staging modification. For stage IV patients, 
PET/CT detected more new distant lesions in nearly half 
of cases which was essential for estimating tumor burden 
and monitoring tumor progression. As PET/CT played an 
increasingly important role in advanced ICC, we proposed 
that the greater the tumor burden, the more necessary the 
PET/CT examination.

The prognostic role of tumor SUVmax has been 
reported in biliary cancers (11). Here, we compared the 
prognostic values of TNR with SUVmax, and found TNR 
was a better prognosticator in ICC. Notably, TNR could 
stratify patients with either normal or abnormal CA19-9 
into high or low risk subgroups, suggesting the potential of 
the combined application of CA19-9 and TNR to predict 
clinical outcomes of ICC patients.

Beyond tumor staging, PET/CT has been widely used in 
detecting recurrence and monitoring treatment effects (31). 
In this regard, utilizing 18F-FDG PET with deep learning 
model could predict the sensitivity of immunotherapy in 
lung adenocarcinoma (32). As molecular targeted therapy 
and immunotherapy have becoming increasingly important 
in ICC (33-36), such scenario may come to a reality in the 
near future. Apart from 18F-FDG, more novel imaging 
agents such as 11C-fluorocholine, 18F-fluoroestradiol, 
and 18F-fluorothymidine, have been tested and applied in 
cancers (37,38). Targeting tumor-specific biomarkers and 

metabolism with optimal imaging agent are promising in 
PET/CT, such as the 68Ga-prostate specific membrane 
antigen (PSMA) PET in detecting metastasis of prostate 
cancer (39). Altogether, PET/CT has great potential in 
clinical management of cancer patients including ICC.

Although this study was a single-center, retrospective 
analysis, we chose a consecutive patient cohort and applied 
PSM to reduce the potential bias. Some extrahepatic lesions 
in patients without surgical resection or biopsy were not 
available for pathological diagnosis. To resolve this issue, we 
used RECIST to confirm metastasis by follow-up imaging. 
Even the resected LNs are difficult to precisely match the 
corresponding LNs in preoperative images retrospectively, 
thus we evaluated the diagnostic efficiency of PET/CT and 
CIE at patient level rather than at lesion level, which may 
enhance their diagnostic sensitivity but reduce specificity.

In conclusion, this study demonstrated the diagnostic 
value of PET/CT over conventional imaging on the N- 
and M-staging in ICC patients. PET/CT played significant 
roles in different TNM stages by detecting new lesions, 
reevaluating equivocal lesions, modifying tumor staging, 
and optimizing treatment strategy. Further data are needed 
to support the survival benefit of PET/CT in ICC patients.
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Table S1 Imaging examinations

Imaging examinations Group A (n=291) Group B (n=369) Total (n=660)

PET/CT 291 (100.0) 0 291 (44.1)

Abdominal contrast-enhanced MRI 271 (93.1) 344 (93.2) 615 (93.2)

Abdominal contrast-enhanced CT 77 (26.5) 56 (15.2) 133 (20.2)

Chest CT 63 (21.6) 105 (28.5) 168 (25.5)

Chest radiography 228 (78.4) 264 (71.5) 492 (74.5)

PET/CT, positron emission tomography/computed tomography; MRI, magnetic resonance imaging; CT, computed tomography.

Supplementary



Table S2 Sequences and parameters of abdominal contrast-enhanced MRI†  

MR machines Parameters TR (ms) TE (ms) BW (Hz/pixel) FOV (mm × mm) Acquisition matrix Slice thickness (mm) Flip angle (°)

UIHMR 770, United Imaging, 
China; 3.0 Tesla

T2WI-FS 2,000 106.2 365 380×380 256×256 6.0 100

DWI (b=0, 500 mm2/s) 5,000 66.3 2,370 380×300 128 ×128 6.0 90

T1WI IP/OP 4.2 1.2/2.5 900 400×300 288×224 3.0 10

T1WI-FS tra 3.3 1.5 650 400×270 320 ×288 3.0 10

T1WI-FS cor 3.3 1.5 600 340×340 270×270 3.0 10

Magnetom Verio, Siemens 
Healthcare, Germany; 3.0 
Tesla

T2WI-FS 2,500 83 260 380×330 320×165 5.5 122

DWI (b=0, 500 mm2/s) 3,400 70 2,442 380×285 128×80 6.0 90

T1WI IP/OP 207 2.3/3.7 930 380×285 256×141 5.5 70

T1WI-FS tra 4.2 1.4 390 380×285 352×200 3.0 9

T1WI-FS cor 4.1 1.5 9 380×380 384×269 3.0 9

Magnetom Avanto, Siemens 
Healthcare, Germany; 1.5 
Tesla

T2WI-FS 3,100 84 260 360×304 256×173 7.0 150

DWI (b=0, 500 mm2/s) 2,800 66 1,502 360×315 112×128 7.0 90

T1WI IP/OP 118 2.0/5.0 376/416 360×270 256×134 7.0 70

T1WI-FS tra 5.1 2.4 299 380×264 288×130 4.0 10

T1WI-FS cor 5.2 2.4 300 380×308 128×112 5.0 10

Magnetom Aera, Siemens 
Healthcare, Germany; 1.5 
Tesla

T2WI-FS 4,918 106 195 380×380 384×273 5.5 160

DWI (b=0, 500 mm2/s) 5,100 55 1735 380×297 192×120 5.5 90

T1WI IP/OP 6.9 2.4/4.8 435/480 380×297 320×188 4.0 10

T1WI-FS tra 3.5 1.4 405 380×281 352×195 3.0 10

T1WI-FS cor 4.4 2.0 410 380×350 320×320 3.0 10

UIHMR 560, United Imaging, 
China; 1.5 Tesla

T2WI-FS 2,693 85.6 260 380×360 288×201 6.0 150

DWI (b=0, 500 mm2/s) 280.7 75.7 1,720 380×300 128×115 6.0 90

T1WI IP/OP 115.8 2.2/4.4 360 380×290 288×230 6.0 70

T1WI-FS tra 4.5 2.2 400 400×280 256×192 3.5 10

T1WI-FS cor 4.5 2.2 360 450×350 256×125 3.0 10
†, the sequences include axial respiratory-triggered T2WI-FS, breath-hold gradient echo T1WI IP/OP, breath-hold DWI with b values of 0 and 500 mm2/s, T1-weighted 3D-volumetric 
interpolated breath-hold examination imaging with transverse and coronal fat suppressed (T1WI-FS tra, T1WI-FS cor), dynamic contrast-enhanced imaging (pre-contrast, arterial, portal 
venous and delayed phases). MRI, magnetic resonance imaging; TR, repetition time; TE, echo time; BW, bandwidth; FOV, field of view; T2WI-FS, T2-weighted imaging fat suppressed fast 
spin echo sequence; T1WI IP/OP, T1-weighted in-phase and opposed-phase imaging; DWI, diffusion-weighted imaging.
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Table S3 Impact of PET/CT on treatment allocation

Patient Findings on CIE Findings on PET/CT Impact on treatment allocation Follow-up (up until May 2020)

1 Multiple tumors in the liver and enlarged hilar lymph 
nodes

Right 7th, 9th posterior costal and right acetabular 
metastasis

Avoiding unnecessary surgery Osseous metastases progressed and the patient died in 
10.5 months

2 Multiple tumors in the left lobe of liver and enlarged 
hilar and para-aortic lymph nodes

Increased FDG uptake in para-aortic and pelvic lymph 
nodes and suspicious pulmonary metastasis

Avoiding unnecessary surgery The pulmonary nodule remained stable but lymph node 
metastases progressed and the patient died in 6.3 
months

3 Multiple tumors in the liver and enlarged hilar lymph 
nodes

5th thoracic vertebra metastasis Avoiding unnecessary surgery Osseous metastases progressed and the patient died in 
10.5 months

4 Multiple tumors in the right lobe of liver and enlarged 
hilar and lymph nodes

Increased FDG uptake in para-aortic lymph nodes and 
suspicious pulmonary metastasis

Avoiding unnecessary surgery Metastatic lesions progressed and the patient died in 
21.6 months

5 Multiple tumors in the liver and small pulmonary 
nodules in chest radiography

Pulmonary metastases Avoiding unnecessary surgery pulmonary nodules progressed and the patient died in 
17.2 months

6 A tumor in the left external lobe of liver and enlarged 
hilar lymph nodes

Multiple osseous metastases Avoiding unnecessary surgery Osseous metastases progressed and the patient died in 
17.8 months

7 A tumor in the left external lobe of liver and suspicious 
right 5th rib metastasis

Multiple osseous metastases Avoiding unnecessary surgery Osseous metastases progressed and the patient died in 
9.9 months

8 A tumor in the right posterior lobe of liver and enlarged 
hilar and para-aortic lymph nodes

Increased FDG uptake in para-aortic and left clavicular 
lymph nodes

Avoiding unnecessary surgery The left clavicular lymph node metastasis was confirmed 
by biopsy and the patient died in 6 months

9 Multiple tumors in the liver and enlarged para-aortic 
lymph nodes

Increased FDG uptake in para-aortic, pelvic, and left 
clavicular lymph node; pelvic implantation metastasis; 
right ischial metastasis

Avoiding unnecessary surgery Metastatic lesions progressed and the patient died in 4.6 
months

10 Multiple tumors in the left lobe of liver Multiple osseous metastases Avoiding unnecessary surgery Osseous metastases progressed and the patient died in 
9.1 months

11 Multiple tumors in the right lobe of liver Right retroperitoneal implantation metastasis Avoiding unnecessary surgery Metastatic lesions progressed and the patient died in 
14.9 months

12 A tumor in the left external lobe of liver suspicious pulmonary metastasis Avoiding unnecessary surgery The pulmonary nodule progressed and the patient died 
in 6.8 months

13 Multiple tumors in the liver and enlarged hilar lymph 
nodes

Increased FDG uptake in para-aortic lymph nodes; 
peritoneal and pelvic implantation metastases; multiple 
osseous metastases

Avoiding unnecessary surgery Metastatic lesions progressed and the patient died in 5.6 
months

14 A tumor in the right lobe of liver and enlarged hilar 
lymph nodes

Increased FDG uptake in pelvic lymph nodes and 
peritoneal metastases

Expanding the scope of lymphadenectomy The surgically resected peritoneal nodules and pelvic 
lymph nodes were confirmed metastasis pathologically 
and the patient relapsed in 5.1 months and died in 18.7 
months

15 A tumor in the right lobe of liver Increased FDG uptake in hilar and left cardia lymph 
nodes

Expanding the scope of lymphadenectomy The surgically resected lymph nodes were confirmed 
metastasis pathologically and the patient relapsed in 
25.3 months and was still alive in 35.6 months

16 A tumor in the left external lobe of liver and enlarged 
hilar lymph nodes

Increased FDG uptake in para-aortic lymph nodes Expanding the scope of lymphadenectomy The resected para-aortic lymph node was confirmed 
metastasis pathologically, but pericardial invasion was 
found during the operation, and the patient died in 3.4 
months

17 A tumor in the right lobe of liver Left ilium metastasis Treating osseous metastasis using γ knife Multiple osseous metastases were found by PET/CT 
in 23.6 months and the patient was still alive in 27.6 
months

PET/CT, positron emission tomography/computed tomography; CIE, conventional imaging examination; FDG, fluorodeoxyglucose.
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Figure S1 Prognostic stratification by TNR, tumor SUVmax, and CA19-9. (A,B) Kaplan-Meier curves based on TNR (A) and tumor 
SUVmax (B) for RFS in patients receiving surgery (n=210). (C,D) Kaplan-Meier curves based on TNR (C) and tumor SUVmax (D) for OS 
in group A (n=278). (E) Kaplan-Meier curves based on TNR and CA19-9 status for OS in patients receiving surgery of group A (n=210). 
CA19-9−: CA19-9 <37 U/mL; CA19-9+: CA19-9 ≥37 U/mL; TNR−: TNR ≤3.2; TNR+: TNR >3.2. HR, hazard ratio; OS, overall survival; 
RFS, recurrence-free survival; TNR, tumor-to-non-tumor ratio; SUVmax, maximum standardized uptake value; CA19-9, carbohydrate 
antigen 19-9.



Table S4 Univariate and multivariate analyses of prognostic factors of OS in patients receiving surgery (n=210)

Variables
Univariate  

P value

I† II‡

Multivariate Multivariate

HR 95% CI P value HR 95% CI P value

Age, years (≥63 vs. <63) 0.974 – – NA – – NA

Gender (male vs. female) 0.556 – – NA – – NA

HBV infection (positive vs. negative) 0.114 – – NA – – NA

Clinical symptoms (yes vs. no) 0.008 – – NS – – NS

CEA, ng/mL (≥5 vs. <5) 0.001 – – NS – – NS

CA19-9, U/mL (≥37 vs. <37) <0.001 2.27 1.49–3.45 <0.001 2.40 1.58–3.64 <0.001

Liver cirrhosis (yes vs. no) 0.509 – – NA – – NA

Tumor size, cm (≥5 vs. <5) 0.052 – – NA – – NS

Tumor number (multiple vs. single) <0.001 1.97 1.35–2.88 <0.001 2.04 1.39–2.98 <0.001

Tumor necrosis (yes vs. no) 0.055 – – NA – – NS

Vascular invasion (yes vs. no) 0.002 – – NS – – NS

Surrounding tissue invasion (yes vs. no) <0.001 1.72 1.12–2.65 0.013 1.71 1.11–2.61 0.014

Regional LN metastasis (yes vs. no) <0.001 2.10 1.38–3.20 <0.001 2.11 1.39–3.22 <0.001

Distant metastasis (yes vs. no) <0.001 1.77 1.02–3.08 0.044 2.08 1.22–3.58 0.008

TNR (high vs. low) <0.001 1.60 1.07–2.38 0.023 – – –

Tumor SUVmax (high vs. low) 0.002 – – – – – NS
†, includes clinicopathologic variables and TNR; ‡, includes clinicopathologic variables and tumor SUVmax. OS, overall survival; HR, 
hazard ratio; CI, confidential interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; LN, lymph node; TNR, tumor-
to-non-tumor ratio; SUVmax, maximum standardized uptake value; NA, not applicable; NS, not significant.

Table S5 Univariate and multivariate analyses of prognostic factors of RFS in patients receiving surgery (n=210)

Variables
Univariate  

P value

I† II‡

Multivariate Multivariate

HR 95% CI P value HR 95% CI P value

Age, years (≥63 vs. <63) 0.582 – – NA – – NA

Gender (male vs. female) 0.952 – – NA – – NA

HBV infection (positive vs. negative) 0.942 – – NA – – NA

Clinical symptoms (yes vs. no) <0.001 1.46 1.04–2.04 0.028 1.52 1.08–2.12 0.015

CEA, ng/mL (≥5 vs. <5) 0.001 – – NS – – NS

CA19-9, U/mL (≥37 vs. <37) 0.029 – – NS – – NS

Liver cirrhosis (yes vs. no) 0.390 – – NA – – NA

Tumor size, cm (≥5 vs. <5) 0.006 – – NS – – NS

Tumor number (multiple vs. single) <0.001 1.88 1.35–2.61 <0.001 1.94 1.39–2.71 <0.001

Tumor necrosis (yes vs. no) <0.001 2.27 1.14–2.27 0.006 1.70 1.21–2.39 0.002

Vascular invasion (yes vs. no) 0.042 – – NS – – NS

Surrounding tissue invasion (yes vs. no) 0.008 – – NS – – NS

Regional LN metastasis (yes vs. no) <0.001 2.01 1.41–2.86 <0.001 1.99 1.39–2.85 <0.001

Distant metastasis (yes vs. no) 0.001 – – NS – – NS

TNR (high vs. low) <0.001 1.63 1.18–2.25 0.003 – – –

Tumor SUVmax (high vs. low) 0.001 – – – – – NS
†, includes clinicopathologic variables and TNR; ‡, includes clinicopathologic variables and tumor SUVmax. RFS, recurrence-free survival; 
HR, hazard ratio; CI, confidential interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; LN, lymph node; TNR, 
tumor-to-non-tumor ratio; SUVmax, maximum standardized uptake value; NA, not applicable; NS, not significant.
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Table S6 Multivariate analyses of prognostic factors of OS before PSM (n=639)

Variables HR 95% CI P value†

Age, years (≥63 vs. <63) 1.13 0.91–1.40 0.258

Gender (male vs. female) 0.96 0.77–1.20 0.734

HBV infection (positive vs. negative) 0.70 0.54–0.91 0.008

Clinical symptoms (yes vs. no) 1.33 1.06–1.66 0.014

CEA, ng/mL (≥5 vs. <5) 1.44 1.13–1.83 0.003

CA19-9, U/mL (≥37 vs. <37) 1.32 1.06–1.66 0.020

Liver cirrhosis (yes vs. no) 1.19 0.88–1.62 0.263

Tumor size, cm (≥5 vs. <5) 1.11 0.86–1.44 0.425

Tumor number (multiple vs. single) 1.87 1.47–2.37 <0.001

Tumor necrosis (yes vs. no) 1.17 0.91–1.50 0.213

Vascular invasion (yes vs. no) 1.31 1.04–1.65 0.023

Surrounding tissue invasion (yes vs. no) 1.35 1.04–1.74 0.023

Regional LN metastasis (yes vs. no) 2.04 1.56–2.67 <0.001

Distant metastasis (yes vs. no) 2.26 1.70–3.02 <0.001

Performing PET/CT (yes vs. no) 0.78 0.62–0.97 0.028
†, significance is determined by multivariate Cox proportional hazards regression. OS, overall survival; PSM, propensity score matching; 
HR, hazard ratio; CI, confidential interval; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; LN, lymph node; PET/CT, 
positron emission tomography/computed tomography.


