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Metabolic parameters with different thresholds for evaluating
tumor recurrence and their correlations with hematological
parameters in locally advanced squamous cell cervical carcinoma:
an observational ®F-FDG PET/CT study
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Background: Positron emission tomography (PET) parameters for a combination of the primary tumor
and suspicious metastatic lymph nodes (SMLNSs) appear to be more potential than those for the primary
tumor alone for evaluating tumor recurrence in locally advanced cervical carcinoma (LACC), while the
optimal threshold has not been determined. This study investigated the optimal PET parameters and
percentage of SUV, . (%SUV,,,) thresholds for tumor recurrence evaluation, and the relationship with
hematological parameters in patients with LACC treated with concurrent chemoradiotherapy (CCRT).
Methods: Eighty-nine patients with advanced squamous cell cervical carcinoma (SCCC) scheduled for
CCRT underwent pretreatment whole body PET/CT scans. We analyzed PET parameters including
maximum standardized uptake value (SUV,,,), metabolic tumor volume (MTV), and total lesion glycolysis
(TLG) of the primary tumor (SUV,,,,-P, MTV-P, TLG-P) and the combination of the primary tumor
and SMLNs (SUV,,..-C, MTV-C, TLG-C). The association between PET parameters with different
%SUV,,,, threshold and recurrence-free survival (RFS), and the correlations between PET parameters and
hematological parameters including squamous cell carcinoma antigen (SCC-ag), neutrophil-lymphocyte
ratio (NLR), platelet-lymphocyte ratio (PLR) and hemoglobin (Hb) were evaluated.

Results: The optimal threshold for evaluating tumor recurrence was 50%SUV_ ., and the optimal PET
parameter was MTV-C with the 50%SUV,,, threshold (MTV-Cyy,) (c-index =0.752). Multivariate analysis
indicated that M'TV-Cs, [hazard ratio (HR), 1.065; P<0.001], NLR (HR, 1.195; P=0.045) and SMLNs (HR,
2.225; P=0.003) were independent risk factors for RFS. MTV and TLG with most of %SUV,,,, thresholds
had slight-to-moderate correlations with SCC-ag, NLR and PLR. For SCC-ag, MTV-C55% (r=0.500;
P<0.001) had the highest correlation coefficient among all parameters. For NLR and PLR, MTV-C;s,
(r=0.637 and r=0.515, respectively; P<0.001 for both correlations) received the highest correlation coefficient.
Conclusions: The MTV-C estimated by using a 50%SUV,

inflammatory response biomarker (NLR and PLR), can be used as an optimal PET parameter associated

threshold, which is related to systemic

max

with tumor recurrence of LACC.
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Introduction

About one-third of locally advanced cervical carcinoma
(LACC) patients routinely treated with concurrent
chemoradiotherapy (CCRT) relapse within 18 months
after treatment and have a poor prognosis (1). A timely
and accurate prognosis assessment is important for such
patients because their treatment plan can be tailored in
a timely manner or more/less intensive follow-up can be
arranged to improve these patients’ survival and quality of
life. Traditional factors such as Federation International
of Gynecology and Obstetrics (FIGO) stage, tumor size,
histological characteristics, biological characteristics and
lymphatic metastasis are significant prognostic factors for
tumor recurrence and survival in cervical cancer (2-7).
Lymphatic metastasis is the most generally recognized of
these factors, whereas the value of other factors remains
controversial (4-9). Therefore, many research efforts have
been devoted to the discovery of more accurate predictors.

"F-fluorodeoxyglucose positron emission tomography/
computed tomography ("*F-FDG PET/CT) has been
widely used for preoperative management of cervical cancer.
PET/computed tomography (CT) imaging facilitates the
assessment of primary lesions and suspicious metastatic
lymph nodes (SMLNs). Moreover, its semiquantitative
parameters [maximum standardized uptake value (SUV,,,,),
metabolic tumor volume (MTV), and total lesion glycolysis
(TLQG)] are also good prognostic markers for LACC (7-11).
SUV,,,, of the primary tumor has been regarded as a reliable
marker of prognosis in previous studies (9,11). MTV and
TLG for the primary tumor, calculated by using a certain
SUV,,., threshold, were thought to be better indicators for
patients with LACC (7,8,10). In addition to the status of the
primary tumor, the status of lymph nodes (LNs) on PET
was also proven to be very important for LACC prognosis
(5-9). Certain researchers (12-14) have concluded that
PET parameters for a combination of the primary tumor
and SMLNSs have a higher prognostic value than those for
the primary tumor alone. Identifying the optimal SUV,
threshold for tumor recurrence evaluation appears to be
particularly crucial, with most studies using an absolute
threshold of SUV>2.5 or a relative threshold of >40% of
SUV,.. (6,7,11-13,15). Other thresholds could potentially
be more appropriate for semiquantitative assessment of
tumor recurrence, as some preliminary studies of primary
lesions alone have suggested (16,17).

In addition to traditional prognostic factors, certain
hematological parameters are also closely related to

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

prognosis for LACC, including squamous cell carcinoma
antigen (SCC-ag), systemic inflammatory response
biomarker levels [mainly the neutrophil-lymphocyte
ratio (NLR) and the platelet-lymphocyte ratio (PLR)],
and hemoglobin (Hb) (2-4,18-20). Both PET-derived
metabolic parameters and hematological parameters can
assess prognosis, but it is unclear whether there are any
correlations between these two types of parameters. If
such correlations exist, PET parameters and hematological
parameters may provide complementary information that
could be combined for prognosis assessment. To the best of
our knowledge, while several reports (21,22) have explored
how PET parameters are correlated with NLR and PLR,
no reports have addressed this topic for LACC. Therefore,
this study was conducted for the following purposes:
(D) to compare the values of SUV .., MTV, and TLG
of the primary tumor (SUV,,,,-P, MTV-P, and TLG-P,
respectively) and the combination of the primary tumor and
SMLNs (SUV,,,.-C, MTV-C, and TLG-C, respectively)
based on different percentages of SUV,,, (%SUV,,,,)
thresholds for evaluating tumor recurrence and find the
optimal PET parameter; (II) to investigate correlations
between PET parameters and hematological parameters to
determine the most relevant PET parameters and optimal
thresholds; (III) and to explore independent risk factors
affecting recurrence-free survival (RFS) for LACC.

Methods
Patients

Between August 2014 and September 2016, a total of 112
patients in our hospital with FIGO stage IIb-IVA squamous
cell cervical carcinoma (SCCC) underwent *F-FDG PET/
CT for initial diagnosis and systemic assessment. These
patients were prepared to receive CCRT as their treatment
option. Patients with an age of less than 30 years or more
than 80 years, other malignant tumors or other systemic
diseases (such as cirrhosis, cardiovascular disease, and
diabetes, among others) were excluded. Eventually, a total
of 89 patients satisfied the criteria and were enrolled in the
study. Informed consent was obtained from all patients.

All patients underwent biopsy, gynecological examination,
cystoscopy, pelvic magnetic resonance imaging (MRI) and
routine blood tests. Biopsy was used to determine tumor
subtype and differentiation. Gynecological examination,
cystoscopy and medical imaging examination could help
identify FIGO stage and tumor size. SCC-ag, neutrophil
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count, platelet count, lymphocyte count and Hb were
obtained via blood tests, with normal values of 0-1.5 ng/mL,
(1.9-7.2)x10°/L, (135-350)x10°/L, (1.1-2.7)x10°/L, and
(110-150) g/L, respectively.

PET/CT imaging and analysis

Prior to undergoing PET/CT scans, all patients were
required to fast for 4-6 hours and have a blood glucose
level <11.1 mmol/L. Images were acquired on a PET/
CT scanner (GE Discovery Elite; GE Healthcare, USA)
at 64.2+8.3 min after the injection of 3.7-5.55 MBq/kg
(0.1-0.15 mCi/kg) of "F-FDG (MiniTrace II and TraceLab
FXFDG; GE, USA; purity >99%). Low-dose CT with a
tube voltage of 120 kV, a tube current of 80 mA, and a slice
thickness of 3.27 mm was used. CT scans were performed
from the top of the skull to midthigh (2 min/bed) and then
for the head and neck (5 min/bed). Subsequently, PET data
were acquired using a three-dimensional acquisition mode
at a speed of 1.5 min/bed and with a matrix size of 192x192.
The ordered-subsets expectation maximization iterative
reconstruction algorithm (24 subsets, 2 iterations) and the
time-of-flight and point-spread function techniques were
used for attenuation correction of PET images. The PET/
CT data were postprocessed on an Advantage Workstation
4.6 (GE Medical Systems, Milwaukee, WI, USA) using
PET Volume Computerized Assisted Reporting (PET
VCAR) software.

Measurements were conducted by two radiologists with
10 and 15 years of experience in nuclear medicine who
were blinded to patients’ clinical and pathological results.
When these two radiologists disagreed, they reached
consensus via discussion. First, the two radiologists read
the coronal, sagittal, and axial PET images and PET/CT
fusion images of a patient. They could observe the FDG
hypermetabolic lesion in the cervix and SMLNs in the
pelvic and para-aortic regions for each patient (if present).
On coronal and sagittal PE'T images of the whole body, the
initial regions, represented by the green box in Figure I,
were placed in a range, including only primary tumors and
excluding physiological FDG uptake (Figure 14,B,E,F). The
tumor contour, defined as the volume of interest (VOI),
was delineated automatically to include voxels presenting
SUV values greater than different %SUV,,,, thresholds
(from 30%SUV,,,, to 60%SUV,,, in increments of 5%)
in the primary tumor. SUV, -P (the highest SUV within
the tumor VOI), MTV-P (the sum of the volumes of all
voxels greater than a certain SUV,, threshold) and TLG-P
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(SUV,,,, multiplied by MTV) were calculated. Then, the
radiologists expanded the green box to include the primary
lesion and all SMLNs (if present) (Figure 1C,D,G,F).
SUV,..-C, MTV-C, and TLG-C were acquired. When
n%SUV,,,. was used as the threshold to define the tumor
margins of the primary tumor or the whole lesion, the
corresponding MTV values were denoted as MTV-P,,,
and MTV-C,, and the corresponding TLG values were
denoted as TLG-P,,, and TLG-C,,,.

CCRT

All enrolled patients completed CCRT consisting of
five weeks of external beam radiotherapy (EBRT) at a
dose of 1.8 Gy daily to achieve a total dose of 45 Gy, and
intracavitary brachytherapy with a total dose of 30 Gy
(6 Gy/fraction, 5 fractions). In addition, all patients received
cisplatin-based (40 mg/d) chemotherapy weekly during the
period of EBRT.

Clinical and imaging follow-ups

After patients had completed CCRT, they were followed
up every 3 months for the first 2 years and every 6 months
for the next 3 to 4 years (via biopsy or follow-up imaging).
REFS referred to the time between CCRT completion and
initial confirmation of progression and/or recurrence. The
progression and/or recurrent event could have been local,
nodal, and/or metastatic and could have been detected
by clinical examination, MRI, and/or '""F-FDG PET/
CT. When any progressive and/or recurrent disease was
detected, the affected sites and time were recorded.

Statistical analysis

PET parameters and hematological parameters were
analyzed as continuous variables and expressed as median
(range). Harrell’s c-index (c-index) was calculated to
evaluate the predictive capabilities of PET parameters
for RFS (a c-index of 0.5 suggests that a parameter is not
predictive, whereas a c-index of 1 signifies that a parameter
is predictive) (17). The c-index is equal to the area under the
curve (AUC) for a receiver operating characteristic (ROC)
curve, which represents the tradeoff between a predictor’s
sensitivity and specificity. A Cox regression model was
used to perform univariate and multivariate analyses of
prognostic significance of PET parameters estimated by
using the optimal threshold. Survival curves were estimated
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Figure 1 Representative PET images of two patients (case 1 and 2 showed in Figure 1) with both pelvic and para-aortic lymph node
metastasis. Automatically delineated VOI with 50%SUV, threshold of the primary tumor (coronal: A,E; sagittal: B,F) and the combination
of the primary tumor and SMLNSs (coronal: C,G; sagittal: D,H). For case 1 (A,B,C,D), SUV,,.-P, MTV-Py,, and TLG-Ps,,, were 16.51,
98.14 mL, and 1,120.76 g, respectively. SUV,,,,-C, MTV-Cy,, and TLG-Cs,, were 26.68, 39.80 mL and 637.60 g, respectively. Case 1
had a tumor recurrence after 28.6 months follow-up. For case 2 (E,FG,H), SUV,,,-P, MTV-P;, and TLG-Pj, were 19.64, 19.16 mL,
and 247.16 g, respectively. SUV,, -C, MTV-C;y, and TLG-C;,y, were 20.78, 68.15 mL, and 894.13 g, respectively. Case 2 had a tumor
recurrence after 10.4 months follow-up. Compared with case 1, case 2 had lower MTV-P;, and TLG-Pjy, but had a higher MTV-C;y,
and TLG-Cs,. After the follow-up, case 2 had a shorter REFS. PET, positron emission tomography; VOI, volume of interest; SUV,,,,
maximum standardized uptake value; MTV, metabolic tumor volume; TLG, total lesion glycolysis; SMLNS, suspicious metastatic lymph
nodes; SUV,,.-P, SUV, .. of the primary tumor; MTV-Pyy,,, MTV of the primary tumor estimated by using 50%SUV,,,, threshold;
TLG-Pyyy, TLG of the primary tumor estimated by using 50%SUV,_ threshold; SUV,,,.-C, SUV_ . of the primary tumor or higher
SMLNs; MTV-Csyy, MTV of the combination of the primary tumor and SMLNs estimated by using 50%SUV,,, threshold; TLG-Csy,,
TLG of the combination of the primary tumor and SMLNs estimated by using 50%SUV,,, threshold.

max

and compared using the Kaplan-Meier method and log-
rank tests. The median of the optimal PET parameters was
used as the cutoff point for dichotomization. Spearman
correlation analysis was utilized to analyze correlations
between PET parameters and hematological parameters.
Strength of agreement was evaluated by using correlation
coefficients (<0.00 being poor; 0.00-0.40 being slight,
0.41-0.70 being moderate, and 0.71-1.00 being high). All
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statistical analyses was performed using R and IBM SPSS
version 22.0 software.

Results

Clinicopathological features of enrolled patients are
presented in Table 1. Overall, 43 of 89 (48.3%) patients
showed SMLNs on PET, and 46 of 89 (51.7%) patients

qims.amegroups.com  Quant Imaging Med Surg 2019;9(3):440-452



444

Table 1 Clinicopathological characteristics and hematological
parameters of 89 patients with advanced cervical squamous cell
cancer

Characteristics of patients Value

FIGO stage, n (%)

1B 54 (60.7)
Il 32 (36.0)
IVA 3(3.4)

Differentiation, n (%)

Well-moderately 68 (76.4)
Poorly 21 (23.6)
SMLNSs, n (%)

Yes 43 (48.3)
Only pelvic 35 (39.3)
Pelvic and para-aortic 8(9.0)

No 46 (51.7)

Age 52 [34-73]

Tumor diameter
SCC-ag (hg/mL)
Neutrophil (10%/L)

4.52 (2.48-9.24)
12.15 (1.6-76.9)
3.98 (1.81-10.35)

Platelet (10%L) 252 (122-489)
Lymphocyte (10%/L) 1.37 (0.57-2.70)

Hb (g/L) 109 (60-142)

NLR 3.28 (1.19-11.18)
PLR 175.47 (83.39-367.41)

Categorical variables are represented by the number of patients
and their percentages, and continuous variables are expressed
as median (range). FIGO, Federation International of Gynecology
and Obstetrics; SMLNSs, suspicious metastatic lymph nodes;
SCC-ag, squamous cell carcinoma antigen; Hb, hemoglobin;
NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte
ratio.

did not have SMLNs. After the follow-up period (mean
24.7 months, ranging from 4.5-51.0 months), 70 patients
relapsed, 3 patients were lost to follow-up, and only 16
patients had no evidence of progression and/or recurrence.
Local recurrence was found in 21 patients (including 5
patients with only local recurrence and 16 patients with
local recurrence and metastasis), and LNs recurrence
was detected in 33 patients (including 20 patients with
recurrence in the pelvis or para-aortic area, and 13 patients
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with recurrence in the para-aortic area only). There were
16 patients with metastatic disease without local recurrence.

PET metabolic parameters based on different %SUV,,,,
thresholds

The median SUV,,,.-P and SUV_,.-C values were 17.56
(range, 9.49-32.58) and 18.14 (range, 9.49-32.58),
respectively. The median MTV-P and MTV-C values
calculated by using the 50%SUV,, threshold were 21.11 mL
(range, 9.21-98.14 mL) and 23.04 mL (range,, 10.26-
149.00 mL), respectively. The median TLG-P and TLG-C
values estimated by using the 50%SUV,,, threshold were
243.80 g (range, 79.98-1,120.76 g) and 252.46 g (range,
79.98-2,625.38 g), respectively. Other PET parameters
for the primary tumor and the combination of the primary
tumor and SMLNS are displayed in Figure 24,B,C,D.

RES evaluation of %SUVmax threshold-based PET

metabolic parameters

Figure 3 summarizes the c-index values for evaluating
RFS for MTV and TLG determined by using different
%SUV,,, thresholds. All PET parameters had the highest
c-index values with the 50%SUV,,,, threshold. With the
same threshold, MTV-C and TLG-C had higher c-index
values than MTV-P and TLG-P, respectively. The optimal
PET parameter for RFS evaluation was MTV-C based on
the 50%SUV,,,, threshold (c-index =0.752). Representative
PET images of two patients with different RFS are
presented in Figure 1.

Univariate and multivariate analyses of prognostic factors
for RFS are summarized in Table 2. Univariate analyses
revealed that FIGO stage, tumor diameter, hematological
parameters (SCC-ag, NLR, and PLR) and M'TV-Cy, were
associated with RFS. Multivariate analysis indicated that
MTV-Csy, [hazard ratio (HR], 1.065; P<0.001], NLR (HR,
1.195; P=0.045) and SMLNs (HR, 2.225; P=0.003) were
independent risk factors for tumor recurrence. Survival
curves for MTV-Csy, (cutoff value, 23.04 mL; P<0.001),
NLR (cutoff value, 3.28; P<0.001), and SMLNs (yes vs. no;
P<0.001) determined using the Kaplan-Meier method are
shown in Figure 4.

Correlations between %SUV,,,, threshold-based PET

metabolic parameters and bematological parameters

Tables 3 and 4 show correlation coefficients describing
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median. MTV, metabolic tumor volume; TLG, total lesion glycolysis; SMLNS, suspicious metastatic lymph nodes; MTV-P, MTV of the
primary tumor; MTV-C, MTV of the combination of the primary tumor and SMLNs; TLG-P, TLG of the primary tumor; TLG-C, TLG
of the combination of the primary tumor and SMLNs; %SUV_ ., percentage of SUV_,..

how SUV,..., MTV, and TLG were correlated with SCC-
ag, NLR, PLR and Hb at different %SUV,,, thresholds
(from 30%SUV,,, to 60%SUV,,,. in increments of 5%).
SUV,,-Pand SUV,-C were not significantly correlated
with any hematological parameters. With each %SUV,,,,
threshold, M'TV had a slight-to-moderate correlation with
SCC-ag, NLR and PLR. TLG was correlated with SCC-
ag, NLR and PLR with different %SUV,,, thresholds, with
the exception of not being correlated with PLR for certain
%SUV . thresholds. The correlation coefficients of MTV
were greater than those of TLG with the same thresholds.
The correlation coefficients of MTV-C and TLG-C were
higher than those of MTV-P and TLG-P, respectively, with
the same thresholds. PET parameters were not significantly
related to Hb. For SCC-ag, MTV-Ps;,, (r=0.408, P<0.001),
TLG-Psy (r=0.353, P=0.001), MTV-Cy;, (r=0.500,
P<0.001) and TLG-Csso, (r=0.418, P<0.001) had the
highest correlation coefficients among PET parameters

for all tested thresholds. For NLR and PLR, MTV and
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TLG (r=0.637 and r=0.515, respectively; P<0.001 for both
correlations) had the highest correlation coefficients with
the 50%SUV,,,. threshold.

Discussion

"This study explored the value of PET metabolic parameters
for evaluating tumor recurrence, by testing different
%SUV .., threshold segmentations, and evaluated
correlations between these parameters and hematological
parameters prior to treatment, including SCC-ag, systemic
inflammatory response biomarkers (NLR and PLR) and
Hb, for LACC treated with CCRT. Our results proved
that MTV-C and a 50%SUV,,, threshold had the greatest
value for tumor recurrence evaluation and exhibited the
best consistency with prognosis-related hematological
parameters.

As an important imaging method for preoperative
evaluation of cervical cancer, *F-FDG PET/CT imaging

qims.amegroups.com  Quant Imaging Med Surg 2019;9(3):440-452
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Figure 3 Harrell’s c-index values for SUV, ., MTV and TLG
of the primary tumor (SUV,,,-P, MTV-P, TLG-P) and the
combination of the primary tumor and SMLNs (SUV_,.-C,
MTV-C, TLG-C) based on different %SUV,,,, threshold (from
30%SUV,,, to 60%SUV, ) to evaluate RFS. The Harrell’s c-index
was used to identify the %SUV,,,, thresholds that offered the
strongest predictive value for MTV and TLG. SUV_,, maximum
standardized uptake value; MTV, metabolic tumor volume; TLG,
total lesion glycolysis; %SUV,,,,, percentage of SUV_,; RFS,
recurrence-free survival; SMLNs, suspicious metastatic lymph
nodes; SUV,,.-P, SUV, . of the primary tumor; SUV,,-C, SUV,
of the primary tumor or higher SMLNs; MTV-P, MTV of the
primary tumor; MTV-C, MTV of the combination of the primary
tumor and SMLNs; TLG-P, TLG of the primary tumor; TLG-C,
TLG of the combination of the primary tumor and SMLNs;

%SUV,,,,, percentage of SUV, ..

Table 2 Univariate and Multivariate Cox analysis for evaluating RFS

Du et al. PET parameters with different thresholds for cervical cancer

can be used to detect the primary tumor and SMLNSs.
Moreover, the semiquantitative parameters from such
imaging (SUV,.,, MTV, and TLG), which reflect tumor
metabolic activity, are adversely associated with prognosis
(7-11). Several researchers (8-11) have reported that higher
pretreatment PET parameters for the primary tumor
indicate a worse prognosis. However, independent of
PET parameters, hypermetabolic LN status on PET has
been regarded as a risk factor for tumor recurrence (5-9).
New PET parameters that combine the two important
prognostic factors from the primary tumor and SMLNs
have been proposed and applied, and these parameters have
mainly been determined by using two calculation methods
(7,12-15). The first calculation method, which involves
delineating multiple VOIs of malignant lesions, has been
used in certain studies (7,14,15). In this method, the whole-
body SUV,,,, was defined to be the highest SUV,,,, of all
malignant lesions, while the whole-body MTV was defined
to be the sum of the MTVs for all malignant lesions. The
whole-body TLG was calculated by adding the products of
the mean SUV and MTV for all individual lesions. With the
second calculation method, which has been investigated by
Liang et 4. (12) and also in our study (displayed in Figure I),
all malignant lesions were included within one initial region
(excluding physiological FDG uptake). SUV,,,, had the
same value as in the first method. MTV and TLG were
calculated based on the VOI, which was delineated by
using unified SUV,,, values from either the primary tumor

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl)

P HR (95% Cl) P

FIGO (IIB vs. llI+IVA)

Tumor diameter

Differentiation (well-moderately vs. poor)

SMLNSs (yes vs. no)
SCC-ag (ng/mL)
NLR

PLR

Hb (g/L)

MTV-Csqy (ML)

1.675 (1.024, 2.739)
1.474 (1.173, 1.853)
0.898 (0.504, 1.599)
2.695 (1.625, 4.395)
1.022 (1.008, 1.035)
1.373 (1.219, 1.546)
1.010 (1.006, 1.014)
0.995 (0.984, 1.008)
1.088 (1.062, 1.114)

0.040" 1.181 (0.688, 2.027) 0.546
0.001* 1.008 (0.779, 1.303) 0.954
0.714 - -
<0.001™* 2.225 (1.309, 3.782) 0.003~
0.001* 0.996 (0.979, 1.012) 0.607
<0.001™ 1.195 (1.004, 1.422) 0.045~
<0.001™ 1.004 (0.999, 1.009) 0.097
0.460 - -
<0.001™ 1.065 (1.033, 1.099) <0.001*

*, indicates a statistical significance with P<0.05; **, represents P<0.001. RFS, recurrence-free survival; HR, hazard ratio; Cl, confidence
interval; FIGO, Federation International of Gynecology and Obstetrics; SMLNs, suspicious metastatic lymph nodes; SCC-ag, squamous
cell carcinoma antigen; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Hb, hemoglobin. MTV-Csye: MTV of the
combination of the primary tumor and SMLNs estimated by using the 50%SUV,,,, threshold.
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Figure 4 Kaplan-Meier survival curves for RES according to the
cutoff values of MTV-C;yy,, NLR and SMLNs. SMLNSs, suspicious
metastatic lymph nodes; RFS, recurrence-free survival; MTV-Cs,,,
MTV of the combination of the primary tumor; NLR, neutrophil-
lymphocyte ratio; SMLNs estimated by using 50%SUV,,
threshold.
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or higher SMLNs. If a fixed threshold (i.e., SUV,,,,>2.5)
was used to calculate PET parameters (13), there was no
difference between the two methods. In agreement with
prior studies (12-15), in our investigation, the diagnostic
efficiency of PET parameters for all lesions was greater than
or equal to that of PET parameters for the primary tumor.
MTV-C had greater diagnostic efficiency than SUV, -C
and TLG-C, regardless of which %SUV,,, threshold was
used. Our findings do not agree with those of Liang ez a/. (12)
in that TLG-C showed the best diagnostic performance
(AUC =0.598) in their study (12). This discrepancy may
be attributable to several factors. First, larger bias in their
investigation was inevitable given their retrospective study
design. Second, we included a relatively large number of
patients, and 43 of our 89 patients had SMLNSs. Third, their
nonuniform treatment regimens may have affected patient
survival. Finally, different statistical methods were used.
In our study, Harrell’s c-index, which considers survival
time, was used to evaluate predictive ability. Recently, two
others studies (7,14) concluded that MTV-C performed
better than TLG-C as a predictor of treatment response
and tumor recurrence. Overall, we believe that MTV-C is a
better predictor than TLG-C for LACC. Semiquantitative
MTYV can approximate the number of active metabolic
tumor cells, whereas TLG represents a combination of
SUV, e and MTV. Compared with early-stage tumors,
LACC has greater internal heterogeneity and is more likely
to include true tumor tissue, vasculature, inflammatory
reaction zones and necrotic zones, causing deviations in
SUV,,c.n and therefore reducing the accuracy of TLG.

The most important limitation of previous studies
(6,7,11-13,15) involving MTV and TLG calculation was a
single-threshold approach, because the choice of threshold
influences measurements of MTV, mean SUV, and TLG. A
threshold of approximately 40%SUV,,,, is most commonly
used because several studies (23,24) found that the PET-
based MTV estimated by using this threshold was similar
to the postoperative pathological volume and the calculated
volume on T2-weighted MRI. Recently, Scher er al. (16)
and Leseur er al. (17) found that the optimal predictive
threshold for preoperative primary cervical cancer was 48%
and 55%, respectively. The optimal threshold in our study
was 50%SUV, ... A 48%SUV_,,, threshold was not explored
due to the use of a larger interval of 5%. The enrollment
of patients with early cervical cancer (FIGO stage of less
than IIb) by Leseur ez /. (17) may have led to differences in
results between their study and our own. To the best of our
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Table 4 Spearman correlation coefficients (r) between TLG and SCC-ag, NLR, PLR and Hb based on different %SUV,,,,, thresholds (from 30%

to 60% of SUV,

may)

TLG Paoss Caos Pasos Casv P1oss Cuio% Pso Cuso Psoss Cisoss Pissos Csso Peoss Coos
SCC-ag
r 0.322* 0.395* 0.323* 0.392* 0.306* 0.387* 0.323* 0.402* 0.353* 0.409* 0.342* 0.418* 0.315* 0.383"
P 0.002* <0.001* 0.002* <0.001* 0.004* <0.001* 0.002* <0.001* 0.001* <0.001* 0.001* <0.001* 0.003* <0.001*
Hb
r -0.025 0.006 -0.052 -0.042 -0.033 -0.040 -0.050 -0.061 -0.042 -0.066 -0.014 -0.026 -0.011 -0.025
P 0.816 0.953 0.631 0.695 0.757 0.711 0.645 0569 0.695 0.537 0.900 0.806 0.920 0.814
NLR
r 0.256* 0.295* 0.271* 0.325* 0.243* 0.286* 0.303* 0.344* 0.334* 0.411* 0.270* 0.341* 0.237* 0.274*
P 0.015* 0.005* 0.010* 0.002* 0.022* 0.007* 0.004* 0.001* 0.001* <0.001* 0.01* 0.001* 0.025* 0.009*
PLR
r 0.175 0.204 0.172 0.232* 0.170 0.226* 0.233* 0.281* 0.250* 0.352* 0.230* 0.324* 0.201 0.285"
P 0.101 0.055 0.107 0.029* 0.111  0.033* 0.028* 0.008* 0.018* 0.001* 0.030* 0.002* 0.059 0.007*

*, significant correlation. SUV,,,,, maximum standardized uptake value; TLG, total lesion glycolysis; SCC-ag, squamous cell carcinoma
antigen; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; Hb, hemoglobin; %SUV,,,,, percentage of SUV,..,; SMLNSs,
suspicious metastatic lymph nodes; Py, TLG of the primary tumor estimated by using the n%SUV,,,, threshold; C,,, TLG of the
combination of the primary tumor and SMLNs estimated by using the n%SUV,,,,, threshold.

knowledge, our study is unique in proposing a 50%SUV,,,
threshold as the best threshold for MTV-C and TLG-C for
evaluating RFS. A larger cohort in which all patients have
SMLNs should be used to validate this finding in the future.

Semiquantitative PET metabolic parameters and
hematological parameters are easily accessible, noninvasive
indicators for evaluating the prognosis of LACC. PET
parameters and hematological parameters may provide
complementary information; therefore, combinations of
these two types of parameters can be used as joint prognostic
factors. A high value of SCC-ag, a widely accepted tumor
marker for SCCC, has been shown to indicate poor
prognosis (18). Pan et 4l. (11) concluded that there was no
correlation between SUV,,, and serum SCC-ag in primary
cervical cancer. Another study (25) found that MTV and
TLG were significantly higher in subjects with higher
serum SCC-ag. We did not discover a correlation between
SUV,,.. and SCC-ag but found that MTV and TLG were
moderately correlated with SCC-ag. These results were
consistent with previously reported findings. Anemia
has long been linked to poor prognosis in patients with
cervical cancer (2,19). An alternative explanation for this
association is that low Hb levels induce tumor hypoxia (26).
Decreased Hb levels reduce oxygen transport capacity

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

and cause decreased tumor cell oxygenation, and both
radiotherapy and chemotherapy will be less effective under
hypoxic conditions. In this study, correlations between PET
parameters and Hb were not found in LACC, possibly due
to multiple factors, including nutrition deficiency, tumor
bleeding, tumor-induced bone marrow infiltration, and
myelosuppressive effects of anticancer therapy, among
others. Recently, systemic inflammatory response markers
(NLR and PLR), particularly NLR, have also been shown
to be associated with tumor prognosis (3,4,20,27). The
mechanism underlying the relationship between high NLR
(or PLR) and poor prognosis is complicated and remains
unclear, but certain opinions may be useful for interpreting
the results of our study. Inflammation is known to alter
the tumor microenvironment and promote angiogenesis
and metastasis. Neutrophils and platelets contain and
secrete inflammatory factors that directly contribute
to tumor angiogenesis, growth and metastasis, whereas
lymphocytes secrete protective inflammatory factors that
prevent proliferation and metastasis. In a study of small
cell lung cancer (21), NLR was most strongly correlated
with primary-tumor MTV, whole-body MTV and TLG.
The precise mechanism explaining these correlations is
under investigation. One possible explanation may be
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that inflammatory cells that infiltrate malignant lesions
increase FDG uptake. Another potential explanation
relates to the induction of angiogenesis by inflammation.
The hypoxia of the tumor microenvironment promotes
increased inflammatory cells that secrete angiogenic factors,
resulting in the production of a large number of new blood
vessels and increased FDG uptake in the tumor. The
relationship between local FDG metabolism and systemic
inflammatory response merits further investigation because
of the coexistence of and interaction between true tumor
tissue and the inflammatory zone. In our study, compared
with PET parameters for the primary tumor alone, PET
parameters based on the whole-body tumor burden were
more strongly related to NLR and PLR. To the best of our
knowledge, our investigation is the first study to evaluate
how NLR and PLR are correlated with PET parameters
with different thresholds for LACC. No significant
correlation was found between SUV, . and NLR or PLR,
but with most thresholds, MTV and TLG exhibited slightly
to moderately significant correlations with NLR and PLR.
Similar to our findings for evaluating tumor recurrence,
we determined that MTV-Cy, a preferable parameter for
reflecting metabolic activity of the tumor core, also had the
highest correlation coefficients with NLR and PLR (r=0.637
and r=0.515, respectively; P<0.001 for both correlations;
Table 3).

Our preliminary results proposed assessing LACC
patients comprehensively based on whole-body PET
parameters estimated with a 50%SUV_,,, threshold and
systemic inflammatory response biomarkers. Prior to
treatment, relatively high values of MTV-Cy,, (>23.04 mL)
and NLR (>3.28) and the presence of SMLNs indicated
short RFS. However, these cutoff values need to be
further verified using a large cohort. Our study has some
limitations. First, without pathological confirmation, all
hypermetabolic LNs were automatically delineated and
included in the VOI. Certain inflammatory LNs showed
reactive hypermetabolism, and it could not be determined
whether this phenomenon was indicative of inflammation or
metastasis. Second, the first calculation method described
above, which involves the mathematical summation of all
individual lesions, was not applied or compared with our
approach in this study. Additionally, our study only covered
traditional PET parameters, although some researchers
(28,29) had mined radiomics features of PET, which is what
we will focus on in future studies. Finally, only an adaptive
threshold method was employed in our study with the
purpose of exploring the optimal %SUV,,,, threshold; the

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

Du et al. PET parameters with different thresholds for cervical cancer

fixed threshold method should be utilized for the validation
analysis in future studies.

Conclusions

The MTV-C estimated by using a 50%SUV_,,, threshold
may be an optimal PET parameter associated with tumor
recurrence for LACC and may help identify patients
at high risk of recurrence. The slight-to-moderate
correlations between PET parameters (MTV and TLG)
and SCC-ag, NLR, and PLR suggest that pretreatment
hematological parameters and PET metabolic parameters
offer complementary information for evaluating tumor
recurrence.
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