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Background: The incidence of gallbladder adenocarcinoma (GBA) is relatively low, yet it exhibits a high
degree of malignancy and a significantly low 5-year survival rate. The aim of this study was to investigate the
prognostic value of pretreatment 2-["*F]fluoro-D-glucose positron emission tomography {2-[*F[FDG PET}
parameters in predicting outcomes for patients with GBA.

Methods: In total, 67 patients with GBA who underwent 2-[*FIFDG PET/computed tomography (CT)
before treatment were retrospectively analyzed at Chinese PLA General Hospital from January 2012 to
June 2022. All patients were diagnosed by pathology, and their baseline characteristics and clinical data were
collected. The metabolic PET parameters of the primary and metastatic lesions were measured, including
the maximum and average standardized uptake values (SUVs), metabolic tumor volume (MTV), and total
lesion glycolysis (TLG). The prognostic significance of metabolic parameters and other clinical variables
was assessed using Cox proportional hazards regression models. Differences in progression-free survival
(PES) and overall survival (OS) in relation to metabolic parameters were examined using the Kaplan-Meier
method.

Results: During a median follow-up period of 14.2 months, 43 patients (64.2%) experienced tumor
recurrence or progression, and 38 patients (56.7%) died of cancer. In the univariate Cox regression analysis,
liver parenchymal invasion (P=0.001), lymph node metastasis (P=0.007), distant metastases (P=0.049), tumor
differentiation (P=0.028), surgery (P=0.014), carcinoembryonic antigen (CEA) level (P=0.030), carbohydrate
antigen 19-9 (CA19-9) level (P=0.003), TLG (P=0.005), MTV (P<0.001), sum of the TLGs of the primary
and metastatic lesions (total TLG, tTLG) (P=0.001), and sum of the MT'Vs of the primary and metastatic
lesions (total MTV, eMTV) (P<0.001) were significant predictors of PFS. In multivariate analysis, MTV was
an independent predictor of PFS [hazard ratio (HR) =2.785; 95% confidence interval (CI): 1.204-6.441;
P=0.017]. In the univariate Cox regression analysis, liver parenchymal invasion (P=0.001), lymph node
metastasis (P=0.027), distant metastases (P=0.036), tumor differentiation (P=0.047), surgery (P=0.002),
neutrophil-to-lymphocyte ratio (NLR) (P=0.011), CEA level (P=0.036), CA19-9 level (P<0.001), TLG
(P=0.007), MTV (P<0.001), tTLG (P=0.003), and tMTV (P<0.001) were significant predictors of OS. In the
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multivariate analysis, higher CA19-9 levels >37 U/mL and a greater tMTV (HR =2.961; 95% CI: 1.092-

8.024; P=0.033) were predictive of OS.

Conclusions: Our study results suggest that pretreatment 2-[*F][FDG PET parameters can not only

assist in the diagnosis of patients with GBA but may also serve as predictive factors for the prognosis of these

patients and should thus be applied in their treatment.
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Introduction

Being a rare type of malignancy, gallbladder cancer (GBC)
accounts for only 0.6% of all cancers globally in 2020 (1).
GBC most commonly originates from the epithelium,
and nearly 90% of GBCs are classified as gallbladder
adenocarcinoma (GBA) (2,3). Because most patients
with GBC are asymptomatic and the disease progresses
rapidly, they are often diagnosed with advanced disease (3).
The 5-year survival rate of patients with advanced GBC
is less than 10% (4,5). The only curative treatment
option (radical resection) is typically offered in nonlocally
advanced cases and can improve the survival rate of patients
with GBC (6). However, it should be noted that a large
proportion of patients might experience relapse after radical
resection (7,8).

At present, the survival prediction for patients with
GBA is mainly based on the eighth edition of the staging
guidelines for tumor-node-metastasis (TNM) defined in
the American Joint Committee on Cancer (AJCC) staging
system (9,10). However, staging can only be performed after
surgery, for which only a minority of patients with GBA are
eligible (11). Through noninvasive imaging, it is possible
to identify imaging markers that can predict survival before
treatment, inform risk stratification and personalized
decision-making, and potentially assist in the selection
of management strategies and the prognosis of patients
with GBA.

2-["*F]fluoro-D-glucose positron emission tomography/
computed tomography {2-[*F][FDG PET/CT} is mainly
used to detect local lymph node metastasis and distant
metastasis in patients with GBC with other potentially
resectable lesions (12,13). The metabolic parameters
of 2-["F]FDG PET, including maximum standardized
uptake value (SUVmax), peak SUV (SUVpeak), total
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lesion glycolysis (TLG), metabolic tumor volume (MTV),
and others, have been shown to have predictive value in
the prognosis of various malignancies (14-17). However,
research on the prognosis of 2-[*F][FDG PET in GBA is
limited, and only the metabolic parameters of the primary
lesion—not those related to metastatic lesions—have been
examined (18). In our study, we assessed the prognostic
value of pretreatment 2-['"*F][FDG PET metabolic
parameters, including those of the primary and metastatic
lesions, in GBA. We present this article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-23-1003/rc).

Methods
Patients

In this study, we reviewed the imaging data of all patients
with GBA (n=103) who underwent 2-["*F]FDG PET/
CT at the Chinese PLA General Hospital from January
2012 to June 2022. The inclusion criteria for patients were
as follows: (I) an age of 18 years or older; (II) complete
imaging and clinical data; (III) a pathological diagnosis;
and (IV) completion of pretreatment 2-["FIFDG PET/
CT. Meanwhile, the exclusion criteria for patients were
as follows: (I) presence of other inflammatory diseases
or malignancy (including autoimmune disease and
infection); (II) presence of any diseases that could lead to
increased liver uptake (including chronic liver disease or
primary sclerosing cholangitis); (III) receipt of surgery
or chemotherapy before 2-[*FIFDG PET/CT; and (IV)
absence of follow-up records. The patient’s clinical data,
including medical history (gallbladder polyps, gallstones,
cholecystitis), TNM stage, tumor differentiation, laboratory
examinations [neutrophil-to-lymphocyte ratio (NLR),
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Patients with gallbladder adenocarcinoma who underwent 2-[*F] FDG PET/CT from
January 2012 to June 2022 (n=103)

Exclusion criteria:
¢ Patients had any other inflammatory

disease or malignancy (n=3)
* Patients had any diseases that may
lead to increased liver uptake (n=0)

Inclusion criteria:
* Patients were aged 18 years or

older
¢ Patients had complete imaging and
clinical data

¢ Patients had undergone surgery or
chemotherapy before 2-[°FIFDG
PET/CT (n=12)

* Patients had no clinical data and/or
follow-up record (n=21)

A

Y

* Patients were diagnosed by
pathology

* 2-["®FIFDG PET/CT was performed
before treatment

Patients enrolled in the study (n=67)

Figure 1 Study flowchart of patient inclusion. 2-[*F]FDG PET/CT, 2-["*F]fluoro-D-glucose positron emission tomography/computed

tomography.

carcinoembryonic antigen (CEA; ng/mL), carbohydrate
antigen 19-9 (CA19-9; U/mL)], and treatment, were
retrospectively collected from the clinical database of our
hospital. The TINM stage was classified according to the
AJCC manual, eighth edition (9). Based on the primary
lesion, lymph node metastasis, and distant metastasis of the
tumor in pathology and imaging, patients were classified
into stage I, stage Ila, stage IIb, stage IIla, stage IlIb, stage
IVa, and stage IVb. The diagnosis of liver parenchyma
invasion, lymph node metastasis, and distant metastasis
mainly depended on the pathological results. For patients
without pathological results, the evaluation was based
on preoperative enhanced imaging examination, such as
enhanced magnetic resonance imaging (MRI) or CT, and
follow-up. The flowchart of patient inclusion and exclusion
is shown in Figure 1.

This single-center, retrospective study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013) and approved by the local Ethics Committee of
Chinese PLA General Hospital (No. S2014-052-01). The
requirement for individual consent for this retrospective
analysis was waived.
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2-[’FJFDG PET/CT image acquisition

After patients had fasted for at least 6 hours, their blood
glucose levels were confirmed to be lower than 11.1 mmol/L
before 2-[*FIFDG (3.5-4.5 MBq/kg) was administered.
Sixty minutes after the injection, all patients underwent
2-["F]FDG PET/CT performed with the Discovery 710
system (GE HealthCare, Chicago, IL, USA) or the Biograph
64 system (Siemens Healthineers, Erlangen, Germany).
Whole-body CT images were obtained for attenuation
correction using automatic dose modulation under the
following settings: voltage, 120-140 kV; current, 100 mAs;
rotation, 0.8; slice thickness, 3—-5 mm; and pitch, 1 (19).
Whole-body PET scans were obtained from the base of
the skull to the upper femur in the free-breathing mode.
The parameters of PET were three-dimensional mode, 2—
2.5 min/bed (30% overlap), 4-5 beds/person, 3 iterations, 21
subsets, and a Gaussian filter half-height width of 4.0 mm.

Iimage analysis

All images were reviewed by two experienced nuclear

medical doctors (G.W. and C.L.) who were blinded to
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the patients’ clinical data and used commercially available
imaging software (Advantage Workstation 4.6, GE
HealthCare). None of the patients had any diseases that
involved increased liver uptake, such as chronic liver disease
or primary sclerosing cholangitis. The gallbladder region
with abnormal 2-["*F]JFDG uptake on PET was defined as
the primary lesion. Other regions with abnormal 2-['*F]
FDG uptake were considered metastatic lesions. All
lesions were confirmed by surgical pathology and follow-
up. We used software (Advantage Workstation 4.6, GE
HealthCare) to automatically generate the contour around
the target lesion within the boundary and manually depict
the two-dimensional region of interest in combination with
the contour within the contour edge to form the three-
dimensional volume of interest (VOI). Contrast-enhanced
MRI and CT were used to accurately determine the VOL.
We applied a threshold of 40% of the SUVmax to select
the lesions. The metabolic parameters of 2-[*FIFDG PET
were automatically generated by the software. Metabolic
PET variables included the primary lesion SUVmax,
primary lesion SUVpeak, primary lesion TLG [mean
SUV (SUVmean) x MTV], primary lesion MTV, primary
lesion tumor-to-normal liver SUV ratio (SUVR; SUVmax
of the tumor/SUVmean of the normal liver parenchyma);
SUVmax among the metastatic lesions (mSUVmax),
SUVpeak among the metastatic lesions (mSUVpeak),
SUVpeak among the metastatic lesions (mSUVpeak), sum
of the TLGs of all metastatic lesions (mTLG), sum of the
MTVs of all metastatic lesions (nMTV), sum of the TLG
values of the primary and metastatic lesions (total TLG,
tTLG), and sum of the M'T'Vs of the primary and metastatic
lesions (total MTV, tMTV).

There are some essential differences between the
two PET/CT systems used in this study in terms of the
machine design and scintillation detection that could lead
to confusion concerning the SUVmax measurement results
to some extent (20). To solve this issue, we retrospectively
calculated the SUVmean of the liver parenchyma in the
67 patients from whom the original PET/CT images were
available (GE Discovery 710: n=30; Siemens Biograph 64L
n=37) (21). To measure normal liver parenchyma activity,
three nonoverlapping spherical 1-cm’ VOIs were drawn in
the normal liver (liver 3/5/6 segments) on the axial PET
images.

Follow-up and prognosis

The progression-free survival (PFS) and overall survival
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(OS) were assessed for each patient. PFS was defined as
the duration from the start of treatment to the detection of
disease progression or the date of the last clinical follow-
up. Disease progression was defined as an at least a 20%
increase and 5-mm increase in the sum of the diameters
of GBA lesions from baseline or the appearance of one or
more new intragallbladder or extragallbladder metastatic
lesions on follow-up imaging according to the revised
Response Evaluation Criteria in Solid Tumors guidelines
(version 1.1) (22). OS was defined as the interval between
the first treatment and death from any cause or the final
clinical follow-up.

Statistical analysis

Categorical variables are expressed as number of cases
and percentage. Continuous variables are expressed as
medians with interquartile range (IQR). For statistical
analyses, continuous variables, including age, NLR, and
metabolic parameters, were dichotomized based on PFS
results according to specific cutoffs, which were determined
using receiver operating characteristic (ROC) curve
analysis. Significant variables identified in the univariate
Cox proportional hazard regression tests were included in
the multivariate analysis. Due to there being significant
correlations found among TLG, MTV, tTLG, and tMTV
(P<0.001), only one metabolic parameter on 2-["F]FDG
PET was included at a time in the multivariate analysis (23).
Survival curves were generated using Kaplan-Meier
estimates, and the log-rank test was used to assess the
significance for PFS and OS. Statistical analysis was
performed using SPSS 24.0 software (IBM, Armonk,
NY, USA) and R 4.0.2 (The R Foundation for Statistical
Computing). All statistical tests were two-sided, and P<0.05
indicated statistical significance.

Results
Patient characteristics

The baseline characteristics and clinicopathologic features
of all enrolled patients are presented in 7able 1. A total of 67
patients with GBA were enrolled in our study, including 25
men (37.3%) and 42 women (62.7%), with a median age of
63 years (IQR, 57-71 years). According to the AJCC staging
system, 22 (32.8%), 31 (46.3%), and 14 patients (20.9%)
had stage I/I1, stage III, and stage IV disease, respectively.
Among the patients, 38 (56.7%) had liver parenchyma
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Table 1 Patient clinical characteristics

Characteristics Value (n=67)
Age (years) 63 [67-71]
Male sex 25 (37.3)
Smoking history 10 (14.9)
Drinking history 6 (9.0)
Medical history

Gallbladder polyps 3(4.5)

Gallstones 8(11.9)

Cholecystitis 4 (6.0)
Stage

171 22 (32.8)

M 31 (46.3)

v 14 (20.9)
Liver parenchymal invasion 38 (56.7)
Lymph node metastasis 39 (58.2)
Distant metastasis 6 (9.0)
Tumor differentiation

Well or moderate 31 (46.3)

Poor 36 (563.7)
Diagnostic method

Surgical resection 55 (82.1)

Needle biopsy 12 (17.9)
Laboratory examination

NLR 2.3[1.6-3.5]

CEA (ng/mL) 3.0[1.9-7.6]

CEA >5 ng/mL 26 (38.8)

CA19-9 (U/mL)
CA19-9 >37 U/mL
Treatment
Neoadjuvant therapy
Surgery
Primary tumor lesion
SUVmax
SUVpeak
TLG
MTV
SUVR

36.9 [14.5-687.4]
33 (49.3)

3 (4.5)
55 (82.1)

9.0 [6.2-14.7]
7.5[5.1-12.2]
77.9 [50.9-232.8]
17.5 [12.0-34.4]
3.9 [2.7-6.4]

Table 1 (continued)
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Table 1 (continued)

Characteristics Value (n=67)

Metastatic lesion (n=32)

mSUVmax 9.1 [6.2-9.1]
mSUVpeak 7.0[4.5-9.2]
mTLG 59.4 [20.8-152.4]
mMTV 10.6 [4.8-28.8]

Primary + metastatic lesions
tTLG 152.2 [52.1-366.6]
tMTV 21.5 [14.6-41.2]

Data are presented as n (%) or median [IQR]. NLR, neutrophil-
to-lymphocyte ratio; CEA, carcinoembryonic antigen; CA19-9,
carbohydrate antigen 19-9; SUVmax, maximum standardized
uptake value; SUVpeak, peak standardized uptake value; TLG,
total lesion glycolysis; MTV, metabolic tumor volume; SUVR,
primary lesion tumor-to-normal liver standardized uptake value
ratio; mSUVmax, SUVmax among the metastatic lesions;
mSUVpeak, SUVpeak among the metastatic lesions; mTLG,
sum of the TLGs of all metastatic lesions; mMTV, sum of the
MTVs of all metastatic lesions; tTLG, total TLG, sum of the TLGs
of the primary and metastatic lesions; tMTV, total MTV, sum of
the MTVs of the primary and metastatic lesions.

invasion, 39 (58.2%) had lymph node metastasis, and 6
(9.0%) had distant metastasis. The diagnosis of 55 patients
(82.1%) was based on surgical pathology, and 12 patients
(17.9%) were diagnosed by needle biopsy. Of the 55 patients
who underwent surgery, only 3 (4.5%) received neoadjuvant
therapy before surgery. Concerning the degree of tumor
differentiation, 31 patients (46.3%) had well- or moderately
differentiated tumors, and 36 patients (53.7%) had poorly
differentiated tumors. Regarding tumor markers, the
median CEA level was 3.0 ng/mL (IQR, 1.9-7.6 ng/mL),
and 26 patients (38.8%) had abnormal CEA levels
(>5 ng/mL). The median CA19-9 level was 36.9 U/mL
(IQR, 14.5-687.4 U/mL), and 33 patients (49.3%) had
abnormal CA19-9 levels (>37 U/mL).

All patients were followed up for at least 1 year. During
a median follow-up period of 14.2 months (IQR, 8.9-
23.3 months), 43 patients (64.2%) experienced tumor
recurrence or progression, and 38 patients (56.7%) died of
cancer.

PET quantitative parameters

We compared the liver parenchyma SUVmean of two
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Table 2 Cox univariate analyses of PFS

Univariate analysis

Characteristics
HR (95% ClI) P

Age (>63 years) 1.385 (0.758-2.533) 0.290

Sex (male) 1.291 (0.698-2.385) 0.416

Liver parenchymal invasion 3.406 (1.688-6.872) 0.001

Lymph node metastasis 2.509 (1.282-4.913) 0.007

Distant metastasis 2.390 (1.003-5.696) 0.049

Poor tumor differentiation 2.042 (1.078-3.867) 0.028

Neoadjuvant therapy 0.694 (0.167-2.876) 0.614

Surgery 0.408 (0.199-0.833) 0.014

NLR (>1.57) 1.859 (0.861-4.017) 0.114

CEA (>5 ng/mL) 1.963 (1.068-3.610) 0.030

CA19-9 (>37 U/mL) 2.588 (1.371-4.887) 0.003

SUVmax (>4.75) 2.791 (0.667-11.429)  0.161

SUVpeak (>3.91) 2.519 (0.778-8.158) 0.123

TLG (>73.78) 2.541 (1.331-4.851) 0.005

MTV (>30.73) 3.620 (1.889-6.939) <0.001

SUVR (>1.43) 22517 (0.113-4495.82)  0.249

tTLG (>73.06) 3.279 (1.597-6.735) 0.001

tMTV (>18.92) 3.757 (1.845-7.649)  <0.001

PFS, progression-free survival; HR, hazard ratio; Cl,
confidence interval; NLR, neutrophil-to-lymphocyte ratio; CEA,
carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9;
SUVmax, maximum standardized uptake value; SUVpeak, peak
standardized uptake value; TLG, total lesion glycolysis; MTV,
metabolic tumor volume; SUVR, primary lesion tumor-to-normal
liver standardized uptake value ratio; tTLG, total TLG, sum of
the TLGs of the primary and metastatic lesions; tMTV, total MTV,
sum of the MTVs of the primary and metastatic lesions.

different scanners, and there were no significant differences
in terms of SUVmean of the liver between the two PET/
CT scanners (GE Discovery 710: 2.33+0.46; Siemens
Biograph 64: 2.38+0.47; P=0.671). The median SUVmax,
SUVpeak, TLG, MTV, and SUVR were 9.0 (IQR, 6.2-
14.7), 7.5 (IQR, 5.1-12.2), 77.9 (IQR, 50.9-232.8), 17.5
(IQR, 12.0-34.4), and 3.9 (IQR, 2.7-6.4), respectively. Of
the 39 patients with lymph node metastasis and/or distant
metastasis, metastatic lesions were found on 2-[*F]FDG
PET/CT in 32 patients (82.1%). The median mSUVmax,
mSUVpeak, mTLG, and mMTV were 9.1 IQR, 6.2-9.1),
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7.0 (IQR, 4.5-9.2), 59.4 (IQR, 20.8-152.4), and 10.6 (IQR,
4.8-28.8), respectively. The median tTLG and tMTV
were 152.2 (IQR, 52.1-366.6) and 21.5 (IQR, 14.6-41.2),

respectively.

Prognostic factors for PFS and OS

According to ROC analysis, the optimal cutoffs for age,
NLR, SUVmax, SUVpeak, TLG, MTV, SUVR, (TLG,
and tMTV for predicting PFS were 63 years, 1.57, 4.75,
3.91, 73.78, 30.73, 1.43, 73.06, and 18.92, respectively. In
the univariate Cox regression analysis, liver parenchymal
invasion, lymph node metastasis, distant metastasis, tumor
differentiation, surgery, CEA and CA19-9 levels, TLG,
MTYV, tTLG, and tMTV were significant predictors
of PFS (Table 2). Four multivariate models exhibited
significant associations between metabolic parameters and
PFS. In model 2, higher MTV (>30.73) was significantly
associated with worse PFS [hazard ratio (HR) =2.785, 95%
confidence interval (CI): 1.204-6.441; P=0.017; Table 3]
after adjustments were made for liver parenchymal
invasion, lymph node metastasis, distant metastases, tumor
differentiation, surgery, and CEA and CA19-9 levels.
Kaplan-Meier analysis of patients stratified by MTV
revealed that patients with a higher M'TV (530.73) had
worse PFS than did those with a lower MTV (log-rank
~17.058; P<0.001; Figure 2).

According to ROC analysis, the optimal cutoffs for age,
NLR, SUVmax, SUVpeak, TLG, MTV, SUVR, tTLG,
and tMTV in predicting OS were 59 years, 1.62, 4.98,
3.91, 73.78, 21.03, 1.92, 73.06, and 18.92, respectively. In
the univariate Cox regression analysis, liver parenchymal
invasion, lymph node metastasis, distant metastasis,
tumor differentiation, surgery, NLR, CEA and CA19-9
levels, TLG, MTV, tTLG, and tMTV were significant
predictors of OS (1able 4). After adjustments were made
for liver parenchymal invasion, lymph node metastasis,
distant metastases, tumor differentiation, surgery, NLR,
and CEA and CA19-9 levels, only one multivariate model
(model 4) demonstrated a significant association between
metabolic parameters and OS. In this model, higher tMTV
(>18.92) was significantly associated with worse OS (HR
=2.961; 95% CI: 1.092-8.024; P=0.033). Moreover, in
all four models, higher CA19-9 levels (>37 U/mL) were
associated with worse OS (model 1: HR =4.392, 95% CI:
1.754-10.997, P=0.002; model 2: HR =3.325, 95% CI:
1.260-8.772, P=0.015; model 3: HR =4.452, 95% CI:
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Table 3 Cox multivariate analyses of PFS

Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis
Characteristics (model 1) (model 2) (model 3) (model 4)
HR (95% ClI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Liver parenchymal  1.811 (0.613-5.352) 0.283 1.677 (0.539-5.215) 0.372 1.620 (0.543-4.831) 0.387 1.380 (0.443-4.297) 0.579
invasion

Lymph node 1.153 (0.437-3.043) 0.773 1.157 (0.425-3.153) 0.775 1.128(0.428-2.977) 0.807 1.238 (0.458-3.349) 0.674
metastasis

Distant metastasis  1.892 (0.643-5.565) 0.247 2.420 (0.799-7.323) 0.118 1.967 (0.658-5.884) 0.226 1.904 (0.633-5.729) 0.252

Poor tumor 1.150 (0.531-2.491) 0.723 1.297 (0.608-2.766) 0.502 1.212 (0.568-2.586) 0.619 1.252 (0.584-2.682) 0.564
differentiation
Surgery 1.001 (0.421-2.380) 0.998 1.008 (0.435-2.332) 0.986 1.026 (0.433-2.433) 0.953 1.071 (0.451-2.547) 0.876

CEA (>5 ng/mL) 1.483 (0.687-3.198) 0.315 1.196 (0.529-2.704) 0.668 1.456 (0.695-3.048) 0.309 1.435 (0.675-3.051) 0.348
CA19-9 (>37 U/mL) 1.771 (0.836-3.752) 0.136 1.448 (0.625-3.214) 0.363 1.772 (0.832-3.772) 0.138 1.701 (0.806-3.589) 0.163
TLG (>73.78) 1.551 (0.686-3.505) 0.292 - - - - - -
MTV (>30.73) - - 2.785(1.204-6.441) 0.017 - - - -
tTLG (>73.06) - - - - 1.976(0.857-4.558) 0.110 - -
tMTV (>18.92) - - - - - - 2.112(0.890-5.011) 0.090

PFS, progression-free survival; HR, hazard ratio; Cl, confidence interval; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen
19-9; TLG, total lesion glycolysis; MTV, metabolic tumor volume; tTLG, total TLG, sum of the TLGs of the primary and metastatic lesions;
tMTV, total MTV, sum of the MTVs of the primary and metastatic lesions.
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Figure 2 Kaplan-Meier analysis of the relationship between PFS and MTV. MTV, metabolic tumor volume; PFS, progression-free survival.
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Table 4 Cox univariate and multivariate analyses of OS

Characteristics

Univariate analysis

HR (95% CI) P
Age (>59 years) 1.234 (0.612-2.488) 0.558
Sex (male) 1.551 (0.807-2.979) 0.188
Liver parenchymal invasion 3.875 (1.789-8.395) 0.001
Lymph node metastasis 2.220 (1.094-4.505) 0.027
Distant metastasis 2.553 (1.061-6.141) 0.036
Tumor differentiation (poor) 1.992 (1.008-3.934) 0.047
Surgery 0.317 (0.151-0.664) 0.002
Neoadjuvant therapy 0.418 (0.057-3.060) 0.391
NLR (>1.62) 3.411 (1.326-8.775) 0.011
CEA (>5 ng/mL) 1.986 (1.047-3.768) 0.036
CA19-9 (>37 U/mL) 5.190 (2.389-11.275)  <0.001
SUVmax (>4.98) 1.456 (0.447-4.745) 0.533
SUVpeak (>3.91) 1.828 (0.561-5.950) 0.317
TLG (>73.78) 2.588 (1.292-5.181) 0.007
MTV (>21.03) 3.961 (1.990-7.887) <0.001
SUVR (>1.92) 3.763 (0.515-27.467) 0.191
tTLG (>73.06) 3.160 (1.472-6.785) 0.003
tMTV (>18.92) 5.081 (2.264-11.405)  <0.001

OS, overall survival; HR, hazard ratio; Cl, confidence interval;
NLR, neutrophil-to-lymphocyte ratio; CEA, carcinoembryonic
antigen; CA19-9, carbohydrate antigen 19-9; SUVmax,
maximum standardized uptake value; SUVpeak, peak
standardized uptake value; TLG, total lesion glycolysis; MTV,
metabolic tumor volume; SUVR, primary lesion tumor-to-normal
liver standardized uptake value ratio; tTLG, total TLG, sum of
the TLGs of the primary and metastatic lesions; tMTV, total MTYV,
sum of the MTVs of the primary and metastatic lesions.

1.779-11.144, P=0.001; model 4: HR =4.653, 95% CI:
1.843-11.747, P=0.001; Table 5). Kaplan-Meier analysis of
patients stratified by tMTV revealed that a higher tMTV
(>18.92; log-rank =18.596; P<0.001) and a higher CA19-
9 level (>37 U/mL; log-rank =20.985; P<0.001) were
associated with worse OS (Figure 3).

Discussion

In our study, we identified the metabolic parameters of
2-[*FIFDG PET that are prognostic markers in patients
with GBA. The M'TV of the primary lesion could predict

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

disease progression, and tMTV could predict death. CA19-9
was also valuable in predicting the death of patients
with GBA.

GBC is an aggressive cancer with a poor prognosis (24).
The survival rate of patients with advanced disease is
extremely low even if extended cholecystectomy with lymph
node resection and adjacent invasive organ resection are
performed (25). In previous studies, age, sex, whole blood
cell count, tumor markers, degree of tumor differentiation,
AJCC staging, tumor location, and treatment methods
could predict the prognosis of patients with GBC
(10,11,26-28). In our study, among the clinically relevant
prognostic markers, we found that CA19-9 (U/mL) was an
independent risk factor for predicting the death of patients
with GBA. CA19-9 is one of the most commonly used
tumor markers in GBC. Yu er a/. reported that CA19-9
levels gradually increased with increasing progression of
GBC (29). Thus, CA19-9 might be useful in predicting
the tumor burden in patients with GBC (30). CA19-9 has
also been indicated to be a predictor of poor prognosis in
GBC (31). In patients with GBA, a higher baseline CA19-9
level may indicate a more invasive tumor and the presence
of metastasis. In our study, abnormal CA19-9 levels
(>37 U/mL) were also associated with death but not
recurrence or progression. Patients with GBA and
abnormal baseline CA19-9 levels (>37 U/mL) demonstrated
a shorter survival period Therefore, abnormal baseline
CA19-9 levels may be predictive of survival in patients with
GBA.

2-["*FIFDG PET, as a molecular imaging technology,
uses the glucose analog 2-["*F]FDG to noninvasively
display glucose consumption in vive. 2-[*FIFDG PET is
widely used to reveal tumor glucose metabolism in a variety
of tumors (32,33), for which it has also demonstrated
predictive and prognostic value (34). 2-[*F]FDG PET also
holds clinical value in the diagnosis of primary tumors in
GBC (35). Therefore, to identify those prognostic markers
able to inform treatment decisions in patients with GBA,
we investigated the prognostic value of the metabolic
parameters of 2-[""F]JFDG PET in GBA and compared
them with other clinical parameters. Several other studies
have investigated the prognostic value of 2-[*F][FDG PET
parameters in patients with GBC. Furukawa et 4l were
the first to analyze the prognostic value of ""F-FDG PET
SUV in biliary tract carcinomas including GBC (36). The
results illustrated that SUV was helpful for predicting the
prognosis in biliary tract carcinoma, with a higher SUVmax
of the primary lesion as measured on pretreatment 2-["°F]
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Table 5 Cox multivariate analyses of OS

Multivariate analysis Multivariate analysis Multivariate analysis Multivariate analysis
Characteristics (model 1) (model 2) (model 3) (model 4)

HR (95% Cl) P HR (95% CI) P HR (95% CI) P HR (95% CI) P
Liver 3.074 (0.921-10.262) 0.068 2.347 (0.664-8.303) 0.186 2.798 (0.813-9.625) 0.103 2.149 (0.615-7.517) 0.231
parenchymal
invasion

Lymph node 0.499 (0.173-1.442) 0.199 0.596 (0.193-1.835) 0.367 0.488 (0.168-1.416) 0.187 0.544 (0.183-1.614) 0.272
metastasis

Distant 2.148 (0.686-6.719) 0.189 3.477 (0.939-12.869) 0.062 2.312(0.721-7.414) 0.159 2.332(0.703-7.734) 0.166
metastasis

Poor tumor 0.802 (0.347-1.853) 0.606 0.826 (0.361-1.890) 0.651 0.863 (0.381-1.957) 0.724 0.795 (0.343-1.841) 0.592
differentiation

Surgery 0.654 (0.266-1.610) 0.356 0.622 (0.265-1.461) 0.276 0.652 (0.268-1.586) 0.346 0.758 (0.310-1.852) 0.543
NLR (>1.62) 1.884 (0.688-5.157) 0.217 1.592 (0.565-4.486) 0.337 1.753 (0.638-4.820) 0.277 1.726 (0.626-4.759) 0.291

CEA (>5ng/mL) 1.224 (0.536-2.795) 0.631 1.073 (0.470-2.447) 0.867 1.258 (0.571-2.768) 0.569 1.036 (0.455-2.362) 0.933

CA19-9 4.392 (1.754-10.997) 0.002 3.325 (1.260-8.772) 0.015 4.452 (1.779-11.144) 0.001 4.653 (1.843-11.747) 0.001
(>37 U/mL)

TLG (>73.78) 1.475 (0.597-3.645) 0.399 - - - - - -
MTV (>30.73) - - 2.561(0.903-7.262) 0.077 - - - -
tTLG (>73.06) - - - - 2.961(1.092-8.024) 0.033 - -
tMTV (>18.92) - - - - - - 2.961(1.092-8.024) 0.033

OS, overall survival; HR, hazard ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; CEA, carcinoembryonic antigen; CA19-
9, carbohydrate antigen 19-9; TLG, total lesion glycolysis; MTV, metabolic tumor volume; tTLG, total TLG, sum of the TLGs of the primary
and metastatic lesions; tMTV, total MTV, sum of the MTVs of the primary and metastatic lesions.
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Figure 3 Kaplan-Meier analysis of the relationship of OS with the (A) tMTV and (B) CA19-9. tMTV, total MTV, sum of the MTVs of the
primary and metastatic lesions; M'T'V, metabolic tumor volume; CA19-9, carbohydrate antigen 19-9; OS, overall survival.
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FDG PET being associated with worse survival rates.
SUVmax represents the highest glucose uptake in the
tumor or normal tissues, and it is the most common
semiquantitative parameter of 2-["*FJFDG PET. However,
our results did not indicate that SUVmax and SUVR are
related to the prognosis of patients with GBA. Quantitative
metabolic activity can provide valuable information
for tumor diagnosis and help predict and evaluate the
therapeutic response in clinical oncology (37). MTV and
TLG can represent tumor volume and glucose activity and
reflect the glucose metabolism state of tumor tissues (38).
Yoo et al. studied the prognostic value of volume-based
metabolic parameters in 2-[*F]JFDG PET/CT for patients
with GBC in comparison with other prognostic parameters.
The results revealed that TLG of the primary tumor and
the clinical or pathological TNM stage were significant
independent prognostic factors for OS in patients with
GBC (39). In our study, we found that TLG and MTV of
the primary lesion were significantly associated with PES
in univariate analysis, but in multivariate analysis, only
the M'TV of the primary lesion was an independent risk
factor for PFS in patients with GBA. Increases in the value
of 2-[*F]JFDG PET metabolic parameters based on the
primary tumor volume reflect increases in malignancy and
invasiveness in GBA, which in turn may affect prognosis.
Because of the nonspecific clinical manifestations and
histological structure of the gallbladder, GBC is inclined
toward adjacent organ invasion, lymph node metastasis,
and distant metastasis (40,41). Consequently, GBC is
often diagnosed at an advanced stage. Therefore, adding
volume-based 2-["*F][FDG PET metabolic parameters
of metastatic lesions to those of primary lesions might
reflect patients’ overall tumor burden before treatment
and potentially better predict patients’ prognosis. Kim
et al. analyzed the prognostic value of the quantitative
parameters of 2-["*F][FDG PET/CT, including tMTV and
tTLG, in patients with locally advanced and metastatic
GBC (32). The results demonstrated that tMTV could
identify patients with poor prognosis. The aforementioned
study results are consistent with our findings, specifically
that in which tMTV was found to be an independent risk
factor for death in patients with GBA; however, it was not
an independent risk factor for recurrence and progression.

When 2-["*F]FDG PET indicates a higher tMTV in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

patients with GBA before treatment, this suggests that the
patient has a larger lesion, a wider invasion range, and a
greater likelihood of metastasis (Figure 4). Therefore, an
excessive tumor burden before treatment might indeed
lead to shortened survival, and patients with GBA and
a higher tMTV tend to have a shorter survival period.
Pretreatment 2-['""F]JFDG PET can detect a greater
number of metastatic lesions in patients with GBA to
more accurately assist in staging and evaluating treatment
efficacy. In addition, the results of our study demonstrate
that 2-["FJFDG PET can also aid in predicting prognosis
in patients GBA.

Our present study had several limitations. First, we
employed a single-center, retrospective study design with
a small number of patients. However, compared with
previous studies, we only analyzed patients with GBA,
and all patients were diagnosed via pathological results.
Second, we used ROC to select the optimal cutoffs of
2-[*F]JFDG PET metabolic parameters, which could lead
to the inconsistent selection of 2-[*FIFDG PET metabolic
parameters under different conditions. It is thus necessary
to identify accurate cutoffs in larger numbers of patients.
Third, the measurement of metabolic parameters should
account for the influence of multiple factors, such as blood
glucose and insulin levels. Fourth, because of the variability
in patients’ conditions, some relevant clinical prediction
parameters were not included in our study. In the future, we
will conduct a prospective study with a larger sample size
and include more relevant predictive variables to ensure the
accuracy of the research.

Conclusions

The metabolic parameters of 2-[*F]FDG PET are related
to the prognosis of patients with GBA. PET-derived
parameters including primary lesion TLG, primary lesion
MTYV, tTLG, and tMTV were significantly associated
with PFS and OS in patients with GBA. Importantly,
MTV of the primary lesion independently predicted PFS
in multivariate analysis. CA19-9 level (>37 U/mL) and
tMTV independently predicted OS in multivariate analysis.
Pretreatment 2-["*FJFDG PET metabolic parameters can
be used as prognostic markers in GBA and thus may be
valuable for risk stratification and treatment management.
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Figure 4 Images of the patients. (A) A 57-year-old woman who was diagnosed with poorly differentiated adenocarcinoma without invasion
of the liver parenchyma, lymph node metastasis, or distant metastasis. MIP images revealed a lesion with high uptake in the gallbladder
region, but no metastatic lesions were found. The yellow arrow denotes a mass with a slightly elevated density in the gallbladder region and
high 2-["*F]FDG uptake. The MTV of the primary lesion and tM TV were both 15.14. The patient was alive without recurrence at the end
of follow-up. (B) A 72-year-old man who was diagnosed with poorly differentiated GBA with invasion of the liver parenchyma and lymph
node metastasis via surgical pathology. MIP images revealed a lesion with high uptake in the gallbladder with intraperitoneal lymph node
metastasis. The yellow arrow denotes a mass with uneven density in the gallbladder region, an unclear boundary with the adjacent liver

18

parenchyma, and high 2-["F]JFDG uptake. The red arrow denotes a metastatic lymph node with high uptake in the hilar region. MTV of
the primary lesion was 33.54, and tM'TV was 38.84. The patient experienced recurrence 5.8 months after surgery and died 1 year later. MIP,
maximum intensity projection; 2-[*FIFDG, 2-["*F]fluoro-D-glucose; tMTV, total MTV, sum of the MTVs of the primary and metastatic

lesions; GBA, gallbladder adenocarcinoma; MTV, metabolic tumor volume.
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