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Abstract 

Background and objective  Numerous previous studies have assessed the prognostic role of 18F-fluorodeoxy-
glucose positron-emission tomography (18F FDG PET) in patients with biliary tract cancer (BTC), but those results 
were inconsistent. The present study aims to determine the predictive value of 18F FDG PET in BTC patients 
via a meta-analysis.

Methods  The underlying studies related to 18F FDG PET and BTC patients` outcomes were searched and identi-
fied in the online databases. The interested parameters include total lesion glycolysis (TLG), metabolic tumor vol-
ume (MTV), primary tumor and metastatic lymph node (LN) maximum standardized uptake value (SUVmax), as well 
as change of SUVmax (ΔSUVmax) during treatment. Overall survival (OS), disease-free survival (DFS), and progres-
sion-free survival (PFS) were considered as the primary endpoints. Hazard ratio (HR) and corresponding 95% con-
fidence intervals (CIs) were defined as the effective measure and calculated by a pooled analysis. Publication bias 
was assessed by funnel plot, Bagg’s and Egger’s tests.

Results  Totally, 23 studies involving 1478 patients were included in the present meta-analysis. After a pooled analysis, 
it revealed that a high SUVmax was significantly associated with a poor OS (HR:2.07, 95%CI: 1.74–2.46, P = 0.000) 
and DFS (HR: 2.28, 95%CI: 1.53–3.41, P = 0.000). In addition, an increased TLG level contributed to a shorter OS (HR:1.91, 
95%CI: 1.26–2.90, P = 0.002) and DFS (HR: 4.34, 95%CI: 1.42–13.27, P = 0.01). Moreover, we confirmed that an elevated 
MTV was significantly associated with increased mortality (HR:2.04, 95%CI:1.26–3.31, P = 0.004) and disease relapse (HR: 
3.88, 95%CI:1.25–12.09, P = 0.019) risks. Besides, the present study uncovered that increased ΔSUVmax could predict 
poor OS (HR:1.26, 95%CI:1.06–1.50, P = 0.008) instead of PFS (HR: 1.96, 95%CI: 0.82–4.72, P = 0.280). Lastly, we found 
that LN SUVmax did not link to OS (HR: 1.49, 95%CI: 0.83–2.68, P = 0.178). No obvious publication bias was detected 
in the present study.

Conclusion  18F FDG PET parameters, including SUVmax, TLG, MTV, and ΔSUVmax, could be applied as convenient 
and reliable factors for predicting BTC patients` outcomes.
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Introduction
As a highly heterogeneous disease, biliary tract can-
cer (BTC), including intrahepatic, perihilar, and dis-
tal cholangiocarcinoma, as well as gallbladder and 
ampulla cancer, is a low-incidence but fatal neoplasm 
with poor prognosis [1]. The global morbidity of intra-
hepatic cholangiocarcinoma (ICC) is rising gradually, 
especially in low-income countries [2]. Despite the 
application and development of several examination 
methods and treatment options, patients` overall sur-
vival (OS) remains limited [3]. Surgical resection is the 
primary curative option for early-stage BTC patients. 
Unfortunately, most patients develop locally advanced 
or metastatic disease when diagnosed due to a lack of 
particular symptoms in the early stage. Their survival 
is restricted, although palliative chemotherapy has 
been recommended. In addition, most postoperative 
patients would suffer from disease relapse, which lim-
ited their 5-year OS rate to approximately 20–60% [4]. 
So far, the recurrent and mortality risks of BTC remain 
less understood. It is essential to explore the underly-
ing prognostic factors to identify the high-risk popula-
tion in order to achieve precision management.

As an imaging technique based on glucose metabo-
lism to assess a variety of physiological and disease 
processes, 18F-fluorodeoxyglucose positron-emis-
sion tomography (18F FDG PET) has been defined 
and applied in staging and managing multiple can-
cers, including BTC. Interestingly, numerous previous 
meta-analyses determined that some parameters of 
18F FDG PET could be utilized as prognostic factors in 
patients with gastric cancer [5], pancreatic cancer [6], 
and lung cancer [7] instead of BTC. Meanwhile, the 
predictive significance of 18F FDG PET parameters 
has been assessed in BTC by previous clinical stud-
ies. However, these results were inconsistent due to 
different sample sizes and study designs. For example, 
the cohort studies conducted by Seo et al. [8] and Yho 
et al. [9] demonstrated that the maximum standardized 
uptake value (SUVmax) of primary tumor mass was an 
independent predictor for disease-free survival (DFS) 
and OS. By contrast, some investigators demonstrated 
that SUVmax did not contribut to BTC patients` out-
comes [10, 11]. Therefore, we performed the present 
meta-analysis to re-assess the prognostic value of mul-
tiple 18F FDG PET parameters, including total lesion 
glycolysis (TLG), metabolic tumor volume (MTV), pri-
mary tumor, and metastatic lymph nodes (LN) SUV-
max, as well as change of SUVmax (ΔSUVmax) during 
treatment in patients with BTC.

Methods
Search strategy
Published studies potentially related to BTC and 18F 
FDG PET were searched from the PubMed, Embase, 
Cochrane Library, and Web of Science databases in 
August 2022. The keywords “biliary tract cancer,” “chol-
angiocarcinoma,” “positron-emission tomography,” and 
“prognosis,” as well as related abbreviations, were used 
for the screening and identification of candidate studies 
to be included in the meta-analysis. Multiple synonyms 
were also utilized.

Inclusion and exclusion criteria
Eligible studies were identified using the following cri-
teria: (1) studies addressing the relationship between 
the outcomes of patients with BTC and metabolic 
parameters of 18F FDG PET, (2) diagnosis of all BTC 
participants by pathological examination. (3) reported 
in English.

The exclusion criteria for this meta-analysis were: 
(1) other types of articles (i.e., reviews, conference 
abstracts, case reports, or comments); (2) in  vivo or 
in vitro research studies; (3) lack of data on DFS, PFS or 
OS; (4) lack of hazard ratios (HRs) and 95% confidence 
intervals (CIs) as practical measurements; (5) involving 
other pathological types of cancer patients.

Data management and outcome assessment
According to the above criteria, two investigators inde-
pendently screened and reviewed available publications 
through abstract and full-text reading. If there was any 
disagreement between them, a consensus was reached 
through discussion with a senior investigator. We col-
lected and defined the HRs and 95% CIs of OS and DFS 
as the effective measurements. The HRs and 95% CIs 
calculated by multivariate analysis were preferentially 
selected for the pooled analysis for better accuracy.

Quality assessment
The evidence level of the studies was estimated by the 
UK Cochrane Centre of Evidence (2009). Newcastle-
Ottawa Scale [12] was utilized to assess the quality 
of the retrospective cohort studies. The selection of 
patients, comparability of the study groups, and assess-
ment of outcome represent the critical factors of this 
scale, with the maximum total score of 9. Studies with 
scores ≥6 were defined as high-quality studies, and this 
was a presetting selection criterion in this report.

Statistical analysis
The HRs and associated 95% CIs were calculated to 
pool the functional outcomes. Statistical heterogeneity 
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among the studies was assessed using chi-square tests 
with the significance set to P < 0.05 or I2 > 50%. A fixed-
effects model was utilized if there was no evident het-
erogeneity; otherwise, we selected a random-effects 
model to minimize the heterogeneity, followed by sub-
group and sensitivity analysis. Funnel plots, Egger’s, 
and Begg’s tests were used to examine publication bias. 
All statistical analyses were performed using STATA 
version 14.0 (Stata statistical software, College Station, 
TX, USA).

Results
Characteristics of included studies
After removing duplicated articles (n = 229), 751 studies 
were identified for review and screening. We excluded 
303 unrelated studies, 171 reviews, 65 conference 
abstracts, 132 case reports, and 9 in vivo or in vitro stud-
ies by reading their titles and abstracts. According to the 
above criteria, 48 studies were excluded after full-text 
review due to the following reasons: 1) lack of data on 
OS or DFS (n = 30); 2) including non-biliary tract original 
cancers (n = 8); lack of HR and relevant 95%CIs (n = 10) 
(Fig. 1).

Totally, this meta-analysis enrolled 23 retrospective 
cohort studies with 1478 patients with BTC patients, 
which contains intrahepatic cholangiocarcinoma (ICC), 
extrahepatic cholangiocarcinoma (ECC), as well as gall-
bladder and ampullary cancer [8–11, 13–31]. The level 
of evidence is 2a. Based on the Newcastle–Ottawa Scale, 
all studies received a quality score of 6–9. The interested 
metabolic parameters of 18F-PET/CT included primary 
tumor maximum standardized uptake value (SUVmax) 

(n = 19), total lesion glycolysis (TLG) (n = 5), metabolic 
tumor volume (MTV) (n = 5), lymph nodes SUVmax 
(n = 2), and change of SUVmax (ΔSUVmax) (n = 3). 
(Table 1).

Prognostic role of primary tumor SUVmax in OS and DFS
Nineteen studies, including 1326 patients, described the 
relationship between SUVmax of primary tumor and 
OS. Based on the result of heterogeneity (I2  = 13.8%, 
P = 0.740), a fixed-effect model was carried out for 
analysis of these data. It was revealed that an increased 
SUVmax was significantly associated with a worse OS 
(HR:2.07, 95%CI: 1.74–2.46, P = 0.000) (Fig. 2A, Table 2). 
Similarly, a higher SUVmax contributed obviously to a 
worse DFS (HR: 2.28, 95%CI: 1.53–3.41, P = 0.000) after 
a pooled analysis of 8 studies with 458 patients using a 
random-effect model (I2  = 69.5%, P = 0.005) (Fig.  2B, 
Table 2).

The predictive value of TLG in OS and DFS
There were 5 studies (including 202 cases) focused on 
the correction of TLG and OS. After a pooled analysis 
with a fixed-effect model (I2 = 0.0%, P = 0.484), we found 
that an increased TLG linked to a higher risk of mor-
tality (HR:1.91, 95%CI: 1.26–2.90, P = 0.002) (Fig.  3A, 
Table 2). Additionally, 2 studies with 49 patients reported 
the relationship between TLG and disease recurrence 
risk. When analyzed with a fixed-effect model (I2 = 0.0%, 
P = 0.660), it revealed that an increased TLG was obvi-
ously associated with poor DFS (HR: 4.34, 95%CI: 1.42–
13.27, P = 0.01) (Fig. 3B, Table 2).

Fig. 1  Flow of studies selection
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Fig. 2  High SUVmax value indictade a poor OS (A) and DFS (B)

Table 2  Results of meta-analysis of interested outcomes

Outcomes Cohort count Case count HR (95%CI)-Model P Heterogeneity Public bias

I2 (%) P-value Begg test P Egger test P

OS

  Tumor SUVmax 19 1326 2.07 (1.74–2.46)-fixed 0.000 13.8 0.740 0.400 0.059

  TLG 5 202 1.91 (1.26–2.90)-fixed 0.002 0.0 0.484 0.142 0.083

  MTV 5 202 2.04 (1.26–3.31)-fixed 0.004 8.6 0.357 0.051 0.257

  ΔSUVmax 3 136 1.26 (1.06–1.50)-fixed 0.008 26.6 0.256 0.940 0.602

  LN SUVmax 2 301 1.49 (0.83–2.68)-fixed 0.178 0.0 0.643 0.317 –

DFS

  Tumor SUVmax 8 458 2.28 (1.53–3.41)-random 0.000 69.5 0.005 0.881 0.068

  TLG 2 49 4.34(1.42–13.27)-fixed 0.010 0.0 0.660 0.317 –

  MTV 2 49 3.88(1.25–12.09)-random 0.019 52.1 0.148 0.317 –

PFS

  ΔSUVmax 2 110 1.96(0.82–4.72)-random 0.280 80.5 0.024 0.317 –

Fig. 3  Increased TLG level predicted high risk of mortality (A) and disease relapse (B)
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Prognostic significance of MTV in OS and DFS
Totally, 5 studies involving 202 cases analyzed the 
relationship between MTV and patients` survival. As 
the result of pooled analysis with a fixed-effect model 
(I2  = 8.6%, P = 0.357), it was confirmed that an ele-
vated MTV was significantly associated with worse 
OS (HR:2.04, 95%CI:1.26–3.31, P = 0.004) (Fig.  4A, 
Table  2). In addition, we demonstrated that a lower 
MTV contributed to better DFS significantly (HR: 3.88, 
95%CI:1.25–12.09, P = 0.019) when analyzing 2 stud-
ies (including 49 cases) using a random-effect model 
(I2 = 52.1%, P = 0.148) (Fig. 4B, Table 2).

Prognostic significance of ΔSUVmax and lymph nodes 
SUVmax in OS and PFS
Three studies with 136 patients reported the cor-
rection of ΔSUVmax and patients` survival. The 
ΔSUVmax were defined as the changes of SUVmax 
between pre- and post-treatment. The intervals were 
about 42 days, 2 months, and 3 months, respectively. 
After a pooled analysis with a fixed-effect model 
(I2 = 26.6%, P = 0.256), it demonstrated that an elevated 
ΔSUVmax was significantly associated with the mortal-
ity risk (HR:1.26, 95%CI:1.06–1.50, P = 0.008) (Fig. 5A, 
Table 2). 2 studies with 110 patients reported the rela-
tionship between ΔSUVmax and cancer progression 
risk. When analyzed with a random-effect model, we 
found that an increased ΔSUVmax was not associ-
ated with PFS (HR: 1.96, 95%CI: 0.82–4.72, P = 0.280) 
(Fig. 5B, Table 2).

In contrast with primary tumor SUVmax, we found 
that lymph nodes SUVmax (LN SUVmax) did not con-
tribute to OS (HR: 1.49, 95%CI: 0.83–2.68, P = 0.178) 
after a pooled analysis on 2 studies (involving 301 
cases) with a fixed-effect model (Fig. 5C, Table 2).

Publication bias
Publication bias was examined by Begg’s and Egger’s 
tests, as well as funnel plots. All P-values obtained from 
Egger’s and Begg’s tests for each parameter and endpoint 
were > 0.05 (Table  2). Additionally, the visual inspection 
of the funnel plots did not show pronounced asymmetry 
(Fig. 6). These results confirmed the absence of publica-
tion bias risk among the included studies in the present 
meta-analysis.

Discussion
Due to different origin sites and cancer biology, the out-
comes of BTC patients are heterogeneous [32]. Therefore, 
the identification of reliable prognostic factors is crucial 
in an era of precision medicine and helps to understand 
the risk of disease progression and patients` mortality. 
The clinical-pathological features, including tumor stag-
ing information and demographic factors remain the 
critical consideration for clinical practice and prognosis. 
Interestingly, the metabolic parameters of 18F FDG PET 
may provide important biological information beyond 
the clinical-pathological characteristics in patients with 
BTC. Therefore, the predictive role of these parameters 
must be determined.

The diagnostic and staging significance of 18F FDG 
PET have been determined by previous meta-analy-
ses [33–35]. However, few meta-analysis assessed and 
reviewed the prognostic value of this novel imaging tool. 
According to available studies, we performed the present 
meta-analysis and demonstrated that higher values of 
SUVmax, MTV, and TLG predicted a higher risk of dis-
ease recurrence or death in patients with BTC. In addi-
tion, the emerging parameters such as LN SUVmax and 
ΔSUVmax have also been focused by our study, but the 
prognostic value needs further investigation due to insuf-
ficient published studies. These findings suggest that 18F 

Fig. 4  High MTV value contributed to poor OS (A) and DFS (B)
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Fig. 5  Elevated ΔSUVmax reflected worse OS (A) instead of DFS (B) Lymph node SUVmax could not predicted patients` survival (C)
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FDG PET is not only a diagnostic tool but may be used 
to distinguish BTC patients who are at high risk of tumor 
recurrence or death and may benefit from subsequent, 
more aggressive treatments.

SUVmax is the most commonly used parameter in 18F 
FDG PET diagnosis and response monitoring because of 
its high reproducibility and availability. FDG uptake can 
reflect the metabolic activity of the tumor tissue. SUV-
max has been shown to correlate with tumor mitotic 
count and with prognosis in cancer patients [36]. Previ-
ous studies demonstrated that the value of SUVmax was 
associated with multiple clinical-pathological features, 
including histological grade [37]. In addition, it has been 
uncovered that SUVmax was significantly correlated with 
programmed cell death ligand 1 (PD-L1) (P = 0.02) and 
glucose transporter 1 (GLUT1) (P < 0.01) expression in 
patients with pulmonary squamous-cell carcinoma [38]. 
Besides, SUVmax has been revealed as a marker associ-
ated with low tumor-infiltrating lymphocyte levels [39]. 
These results suggested that SUVmax, as a prognostic 
factor, could reflect cancer immune microenvironment. 
Interestingly, SUVmax was also associated with tumor 
tissue hypoxia and angiogenesis, contributing to cancer 
progression [40, 41].

MTV and TLG, which are a combination of volumetric 
and metabolic parameters, may be utilized in metabolic 
analyses of radiotracer activity, reflecting both properties 
of the tumor tissues. These parameters were also related 
to angiogenesis [41] and cancer immunity [42]. Taken 

these considerations, the above parameters in 18F PDF 
PET were associated to glucose intake, which regards 
cancer metabolism activity, tumor microenvironment, 
and immunity. These biological features contribute to 
tumor growth, cancer relapse, treatment resistance, and 
metastasis. Thereby, 18F PDF PET could be considered as 
a prognostic tool in patients with cancer including BTC.

previous studies demonstrated that glycolysis, as 
metabolic reprogramming, contributed significantly 
to cholangiocarcinoma initiation and progression [43, 
44] Glycolic pathways and enzymes, including pyruvate 
kinase M2 [45, 46], Aldolase A [47] and lactate dehydro-
genase A [48], play a critical role in BTC and have been 
utilized as biomarkers to predict patients` outcomes. 
Targeting glycolysis could be considered as a promising 
treatment option in BTC [49–51].

Nevertheless, some limitations in the present study 
should be acknowledged. Firstly, all included investi-
gations were retrospective cohort studies with a small 
sample size and a modest level of evidence. Moreover, 
most participants in these studies were from Asian coun-
tries (e.g., Korea and Japan), which may be restricted to 
other regions. In addition, the cut-off value of interested 
parameters in each study was inconsistent, which needs 
further exploration of standard and optimal values for 
clinical practice. Besides, the included studies about 
some parameters (i.e., TLG, MTV,ΔSUVmax and LN 
SUVmax) were insufficient. Lastly, several HRs and their 
95% CIs were extracted from univariate analysis, which 

Fig. 6  No publication bias were detected by funnel plots
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might lead to an overestimation of the prognostic value 
of these markers.

Conclusion
In conclusion, this study demonstrated that 18F FDG 
PET parameters are associated with the risk of death. 
Especially SUVmax, TLG, MTV, and ΔSUVmax perform 
well in BTC patients` future survival analysis. Despite 
some limitations, we confirmed that 18F FDG PET could 
be a valuable method to help predict survival outcomes 
in biliary cancer patients.
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