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Condensed abstract: No large-scale, well-designed randomized study with a

long-term follow-up has evaluated the survival effect of pretreatment 18-

fluorodeoxyglucose positron emission tomography–computed tomography

(18FDG-PET–CT) on patients with stage IB–IVA cervical cancer receiving image-

guided intensity-modulated radiation therapy (IG-IMRT). This is the first head-to-

head propensity score–matched, nationwide population-based cohort study

evaluating this survival effect. The results revealed that pretreatment 18FDG-

PET–CT might be associated with longer survival in patients with stage IB–IVA

cervical cancer receiving radiotherapy or concurrent chemoradiotherapy,

especially in the IG-IMRT era.

Purpose: No large-scale, well-designed randomized study with a long-term

fol low-up has evaluated the surv iva l effect of pretreatment 18-

fluorodeoxyglucose positron emission tomography–computed tomography

(18FDG-PET–CT) on patients with stage IB–IVA cervical cancer receiving image-

guided intensity-modulated radiation therapy (IG-IMRT). Therefore, in this

propensity score–matched, population-based cohort study, we investigated

these survival effects.

Patients and methods: We included 4167 patients with stage IB–IVA cervical

cancer receiving radiotherapy (RT) or concurrent chemoradiotherapy (CCRT)

through the IG-IMRT technique. The patients were categorized into two 1:2

propensity score–matched groups depending on whether they underwent

pretreatment 18FDG-PET–CT, and their outcomes were compared.

Results: We included 2778 and 1389 patients with cervical cancer in the

nonpretreatment and pretreatment PET–CT groups, respectively. Univariable

and multivariable analyses revealed an association between pretreatment PET–

CT and improved survival in the patients (in the adjusted model, the adjusted
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hazard ratio [aHR] was 0.88; 95% confidence interval [CI], 0.80–0.97: P = 0.010).

Regardless of the cancer stage (early or advanced), pretreatment PET–CT was

significantly superior to nonpretreatment PET–CT in terms of all-cause death

(aHR, 0.78; 95% CI, 0.60–0.92; P = 0.013 and aHR, 0.90; 95% CI, 0.81–0.99; P =

0.039 for the early [IB–IIA] and advanced stages [IIB–IVA], respectively).

Conclusions: Pretreatment 18FDG-PET–CT might be associated with longer

survival in patients with stage IB–IVA cervical cancer receiving RT or CCRT,

especially in the era of IG-IMRT.
KEYWORDS

IG-IMRT, 18FDG-PET–CT, cervical carcinoma, survival, clinical stages
Introduction

Although cervical cancer is the fourth most common cancer in

women globally, the number of cervical cancer cases has continuously

declined in regions that have implemented screening programs (1).

However, in resource-poor areas with no well-established screening

programs, the incidence and mortality rates of cervical cancer remain

disproportionately high. (1) Cervical cancer is the leading cause of

cancer deaths in 42 countries, with the majority of cases being

reported from sub-Saharan Africa and Southeast Asia (1).

Compared with other gynecological cancers, cervical cancer more

commonly affects younger women, with a mean age at diagnosis of

49 years.

Following the diagnosis of cervical cancer, a pretreatment staging

evaluation is performed in all women to determine the treatment

approach, which can then be stratified on the basis of whether the

disease is early or locally advanced at presentation (2). Accurate cancer

staging is the most vital for planning optimal treatments and thus for

optimal survival (3). For patients with early-stage cervical cancer,

surgery alone without adjuvant therapy or radiotherapy (RT)

alone might be suitable based on the National Comprehensive

Cancer Network (NCCN) guidelines. However, for patients with

advanced-stage cervical cancer without metastasis, concurrent

chemoradiotherapy (CCRT) might be necessary (2).
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Prior to RT or CCRT, whole-body 18-fluorodeoxyglucose

(18FDG) positron emission tomography (PET)–computed

tomography (CT) is conducted to evaluate the extent of the disease,

with a particular focus on lymph node metastases, for obtaining

information necessary to design RT fields (4). Compared with CT

alone, PET–CT exhibits higher sensitivity for the detection of

abdominal lymph node metastasis, a feature that affects the RT

fields and estimates of patient prognosis (5, 6). However, no long-

term follow-up study with an adequate sample size has evaluated the

benefits of pretreatment PET–CT, which offers the most accurate

imaging results for lymph node metastasis (7, 8), and its contribution

to overall survival (OS) in patients with cervical cancer receiving RT

or CCRT, especially in the era of image-guided intensity-modulated

radiation therapy (IG-IMRT).
Patients and methods

Study design and patient data source

This retrospective study was conducted using data from the

Health and Welfare Data Center (HWDC), established by Taiwan’s

Ministry of Health and Welfare. Data gathered by the Taiwanese

government from various sources are consolidated by HWDC,

deidentified, and made available for research purposes based on

case-by-case approval. We particularly used data from the Taiwan

Cancer Registry (TCR), which includes the detailed staging and

treatment information of patients with cancer; the Cause of Death

database, which lists all death certificates issued in Taiwan (9–11); and

the National Health Insurance Research Database (NHIRD), which

contains the claims data of all National Health Insurance (NHI)-

reimbursed examinations, medications, and treatments. Absence of

the evidence of death cannot be considered the evidence of life

because all death certificates issued are government system–specific

judgments. Without a death certificate, property inheritance,

abandonment of inheritance to the court, burial, or cremation

cannot be performed in Taiwan. The NHI program has been

implemented since 1995 and covers more than 99% of Taiwan’s

population. Since July 2004, the NHI has been reimbursing 18F-FDG-

PET performed for the initial staging of cervical cancer when optimal
frontiersin.org
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staging was unachievable through conventional imaging modalities.

All PET-CT scans were reviewed and reported by a professional

nuclear medicine physician in the study. All HWDC databases are

linked through a common but anonymized identifier to ensure

privacy. The requirement for informed consent was waived because

of the retrospective nature of the study and the use of

deidentified data.
Inclusion and exclusion criteria

Patients were enrolled if they were diagnosed as having cervical

cancer on the basis of pathological reports between January 1, 2008,

and December 31, 2018, were aged ≥20 years, and had an American

Joint Committee on Cancer (AJCC) clinical stage of IB–IVA based on

the eighth edition. The diagnoses were confirmed using pathological

data, and patients who were newly diagnosed as having cervical

squamous cell carcinoma or adenocarcinoma were confirmed to

have no other cancer. Patients with distant metastasis, cancer of

unknown pathologic type, missing sex data, age <20 years, or unclear

staging were excluded. In addition, patients were excluded if they did

not receive RT within 3 months of diagnosis, RT involving

contemporary IG-IMRT techniques, or a weekly platinum-based

chemotherapy regimen during RT. Moreover, we excluded patients

who received only sequential chemotherapy and RT. In this study,

pelvic RT comprised external beam radiotherapy (EBRT) delivered

once daily for 25–28 days for a total median dose of 50.4 Gy with IG-

IMRT. Radiation oncologists in Taiwan prescribed total intracavity

brachytherapy (ICBT) with a high-dose rate system, with a median

dose of 25 Gy in five fractions when administered with or without

concurrent chemotherapy. IMRT, a highly conformal EBRT

technique, and its iteration—image-guided volumetric modulated

arc therapy—were allowed in the study.
Covariates and outcome definition

Data regarding age, histology, AJCC clinical stages, treatments

(RT alone or CCRT), tumor differentiation, EBRT cumulative dose,

platinum cumulative dose, ICBT cumulative dose, Charlson

comorbidity index (CCI) scores, diagnosis year, and hospital levels

(medical or nonmedical center) at the last follow-up were extracted

from the TCR. Age was considered a continuous variable. All patients

with nonmetastatic cervical cancer underwent RT alone or definitive

CCRT in accordance with NCCN guidelines. The date of RT initiation

was the index date.

From the NHIRD, we identified patients who underwent 18F-

FDG PET–CT within 0–90 days before the index date. Only patients

with a record of 18F-FDG-PET–CT were considered to have

undergone pretreatment PET–CT. All patients in the control group

(nonpretreatment 18FDG-PET–CT) received pelvic magnetic

resonance imaging (MRI) with contrast to determine the local

disease extent and chest/abdominal/pelvis CT for at least metastatic

staging. The primary outcome of interest was all-cause death, which

was calculated from the initial date to the date of death. Information

on OS was obtained from the Cause of Death database. Patients with
Frontiers in Oncology 03
no death records were considered alive and censored on the last day of

the database record (December 31, 2019).
Propensity score matching

After adjustment for confounders, we performed Cox

proportional hazards regression to model time from the index date

to all-cause death for patients with cervical cancer who underwent RT

or CCRT. We used propensity score matching (PSM) to reduce

confounding factors, thus controlling these factors and elucidating

the directionality of the survival effect of pretreatment PET–CT. The

following matching variables were employed: age, histology,

differentiation, AJCC clinical stages, treatments, cumulative EBRT

dose, cumulative platinum dose, cumulative ICBT dose, CCI scores,

diagnosis year, and hospital levels. However, because a residual

imbalance was noted in covariates, (12) multivariable Cox

proportional regression models were used. For the CCI score

calculation, comorbidities were determined according to the

International Classification of Diseases, Ninth or Tenth Revision,

Clinical Modification (ICD-9-CM or ICD-10-CM) codes in the main

diagnosis of inpatient records or those in outpatient records if the

number of outpatient visits was ≥2 within 1 year. Comorbidities with

onset 12 months before the index date were recorded. We matched

the cohorts at a ratio of 2:1 by using a greedy matching method, and

covariates were matched with a propensity score within a caliper of

0.2. (13).
Statistical analysis

Continuous data are presented as the mean ± standard deviation

or median (interquartile range), as applicable, and categorical data as

the number and percentage. The distribution of patient characteristics

was compared using the c2 test for categorical variables and the

independent t test or Kruskal–Wallis test for continuous variables.

Survival curves were generated using the Kaplan–Meier and

compared using the log-rank test. In addition, the Kaplan–Meier

curves of overall survival (OS) for different stages of cervical cancer

with or without pretreatment PET–CT were compared using the log-

rank test. Cox proportional hazards models were used to estimate the

hazard ratio (HR) and 95% confidence interval (CI) and to determine

the effects of covariates on OS. Stratified analysis was performed to

investigate the effect of pretreatment PET–CT on various AJCC

clinical stages (IB–IIA and III–IVA) and on OS across various

subgroups. All statistical analyses were performed using SAS

(version 9.4; SAS Institute). A two-sided P value of <0.05 was

considered significant.
Ethical approval

The study protocols were reviewed and approved by the

Institutional Review Board of Tzu-Chi Medical Foundation

(IRB109-015-B).
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Results

Patient characteristics

A total of 4167 patients with cervical cancer met the inclusion

criteria after PSM (Table 1). Of them, 2778 and 1389 patients who

underwent RT or CCRT were included in the nonpretreatment and

pretreatment PET–CT groups, respectively. All covariates were

balanced between the groups after PSM (Table 1). The crude mean

follow-up periods and crude mortality rates of the pretreatment and

nonpretreatment PET–CT groups were 4.72 and 4.70 years and

45.64% and 51.08% (P < 0.001), respectively.
Frontiers in Oncology 04
Predictors of survival

The findings of univariable and multivariable analyses revealed an

association between pretreatment PET–CT and improved survival for

the patients with cervical cancer (in the adjusted model, the adjusted

hazard ratio [aHR] was 0.88; 95% CI, 0.80–0.97: P = 0.010; Table 2).

Moreover, the results indicated that known prognostic factors,

namely age > 60 years (P = 0.014); advanced clinical stages of IIA

(P = 0.026), IIB (P = 0.002), III (P < 0.001), and IVA (P < 0.001); RT

alone (P < 0.001); adenocarcinoma (P < 0.001); CCI score ≥ 1 (P <

0.001); and no ICBT (P < 0.001), were associated with poor

OS (Table 2).
TABLE 1 Clinicodemographic characteristics of patients with cervical cancer with and without pretreatment PET–CT scan before RT or CCRT (after
propensity score matching).

Nonpretreatment PET–CT Pretreatment PET–CT P value SMD

N = 2778 N = 1389

N % N %

Age (mean ± SD) 61.81 ± 14.15 61.65 ± 13.95 0.224 0.051

Age, median (IQR), y 60.20 (51.00, 71.00) 60.00 (50.00, 70.00) 0.311

Age 0.187 0.010

Age ≤ 40 y 612 22.03% 309 22.25%

40 y < Age ≤ 50 y 833 29.99% 432 31.10%

50 y < Age ≤ 60 y 667 24.01% 289 20.81%

Age > 60 y 666 23.97% 359 25.85%

Years of diagnosis 0.188 0.067

2008–2010 532 19.15% 241 17.35%

2011–2014 1086 39.09% 531 38.23%

2015–2018 1160 41.76% 617 44.42%

CCI scores (mean ± SD) 0.41 ± 1.00 0.41 ± 0.88 0.709 0.017

CCI scores 0.371 0.016

0 2093 75% 1064 76.60%

1 685 25% 325 23.40%

AJCC stages 2778 1389 0.279 0.083

IB 437 15.73% 190 13.68%

IIA 207 7.45% 90 6.48%

IIB 891 32.07% 446 32.11%

III 671 24.15% 346 24.91%

IVA 566 20.37% 313 22.53%

Missing 6 0.22% 4 0.29%

Differentiation 0.220 0.072

I (well-differentiated) 84 3.02% 42 3.02%

II (moderately differentiated) 1532 55.15% 814 58.60%

III (poorly differentiated) 1089 39.20% 467 33.62%

(Continued)
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Stratified analysis of the effect of
pretreatment PET–CT

To determine the effect of pretreatment PET–CT on various AJCC

clinical stages, we stratified the stages (IB–IIA and III–IVA) by using a

Cox regression model after adjustment for age, histology, tumor

differentiation, AJCC clinical stages, treatments, cumulative EBRT

dose, cumulative platinum dose, cumulative ICBT dose, CCI scores,

diagnosis year, and hospital levels (Tables 3, 4). The prognostic factors

were similar to those determined in the nonstage stratification analysis.

Regardless of the cancer stage (early or advanced), pretreatment PET–

CT was significantly superior to nonpretreatment PET–CT in terms of

all-cause death (aHR, 0.78; 95% CI, 0.60–0.92; P = 0.013 and aHR, 0.90;

95% CI, 0.81–0.99; P = 0.039 for early and advanced stages,

respectively). In the pretreatment and nonpretreatment groups, the

5-year OS was 54.56% and 50.11%, respectively, for all disease stages
Frontiers in Oncology 05
(P < 0.001); 71.87% and 64.92%, respectively, for stage IB–IIA disease

(P = 0.031); and 50.73% and 46.832, respectively, for stage IIB–IVA

disease (P = 0.038; Figures 1A–C). In both the groups, we noted the

association of early- and advanced-stage cervical cancer treated with RT

or CCRT with OS.
Discussion

Cervical cancer may metastasize to the pelvic or paraaortic lymph

nodes as well as more distal nodes (14). Lymph node involvement is

associated with poor prognosis and affects decisions regarding the

design of RT fields (14). Whole-body FDG-PET–CT, in which both

PET and CT are performed using an integrated PET–CT scanner, is

the preferred imaging modality for detecting lymph node metastases

(5, 6, 15). If the technology is not available, lymph nodes are evaluated
TABLE 1 Continued

Nonpretreatment PET–CT Pretreatment PET–CT P value SMD

N = 2778 N = 1389

N % N %

IV (undifferentiated) 73 2.63% 66 2.38%

Treatments 0.861 0.022

CCRT 2111 75.99% 1055 75.95%

RT alone 667 24.01% 334 24.05%

EBRT cumulative dose, Gy

Mean (SD) 50.40 ± 18.70 50.40 ± 19.24 0.999 0.1000

Median (Q1–Q3) 50.40 (39.33, 60.00) 50.40 (46.00, 60.00) 0.999

Chemotherapy, Platinum cumulative dose, mg

Mean (SD) 632.33 ± 593.38 639.02 ± 577.10 0.753 0.011

Median (Q1–Q3) 500.00 (350.00, 600.0) 500.00 (350.00, 650.0) 0.224

Brachytherapy dose, Gy

Mean (SD) 24.68 ± 6.57 24.14 ± 6.55 0.717 0.014

Median (Q1–Q3) 25.00 (20.00, 30.00) 2500.00 (20.00, 30.00) 0.999

Histological type 0.974 0.002

Adenocarcinoma 298 10.73% 150 10.80%

Squamous cell carcinoma 2480 89.27% 1239 89.20%

Medical centers 0.426 0.019

Nonmedical centers 1517 10.73% 745 53.64%

Medical centers 1261 45.39% 644 46.36%

Mean (SD) follow-up (y) 4.70 ± 2.83 4.72 ± 2.64 0.828

Median (IQR) follow-up (y) 4.04 (1.27, 5.52) 4.07 (1.46, 5.54) 0.235

All-cause death <0.001

No 1359 48.92% 755 54.36%

Yes 1419 51.08% 634 45.64%
frontie
PET–CT, positron emission tomography–computed tomography; AJCC, American Joint Committee on Cancer; CCI, Charlson comorbidity index; EBRT, external beam radiotherapy; RT,
radiotherapy; CCRT, concurrent chemoradiotherapy; SD, standard deviation; IQR, interquartile range; y, years; SMD, standardized mean difference.
rsin.org

https://doi.org/10.3389/fonc.2023.1012491
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Su et al. 10.3389/fonc.2023.1012491
through abdominopelvic CT with contrast (2). Pelvic MRI without or

with contrast is another second-line alternative because its diagnostic

performance is comparable to that of CT (2, 5, 6, 15). All women with

cervical cancer should undergo a lymph node evaluation for

appropriate staging and treatment (16, 17). For women with

cervical cancer (stage IB–IVA) for whom primary RT or CCRT is

planned, imaging prior to RT can be performed to evaluate the disease

extent, with particular focus on lymph node metastases, to provide

information necessary for designing RT fields (18, 19). A meta-

analysis of 72 studies including 5042 patients with cervical cancer

reported the following sensitivity and specificity values for the

detection of lymph node metastasis: PET (75% and 98%), MRI

(56% and 93%), and CT (58% and 92%), respectively (5). The more
Frontiers in Oncology 06
accurate detection of lymph nodes results in a more accurate RT field,

thereby possibly contributing to OS benefits. However, studies have

reported conflicting results regarding the association between OS and

pretreatment PET in patients with cervical cancer (20–23). Only one

short-term follow-up randomized controlled trial (RCT) including a

small sample size and using conventional 2D-RT reported that

pretreatment PET (instead of PET–CT) improved the detection of

pelvic metastasis or paraaortic lymph nodes in patients with cervical

cancer with pelvic lymph node positivity on pelvic MRI (AJCC stage

III at least); however, the improved detection may not translate into a

survival benefit (23). No study with an adequate sample size and a

long-term follow-up and using a head-to-head PSM design

mimicking the RCT has examined the survival benefit of
TABLE 2 Cox proportional hazard regression analysis of the risk of all-cause death in propensity score–matched patients with cervical cancer.

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Pretreatment PET–CT (ref. = No)

Yes 0.88 (0.80, 0.96) 0.005 0.88 (0.80, 0.97) 0.010

Age (ref. Age ≤ 40 y)

40 y < Age ≤ 50 y 1.02 (0.81, 1.15) 0.211 1.07 (0.76, 1.09) 0.233

50 y < Age ≤ 60 y 1.04 (0.81, 1.08) 0.376 1.08 (0.76, 1.12) 0.184

Age > 60 y 1.71 (1.51, 1.94) <0.001 1.12 (1.07, 1.30) 0.014

CCI score (ref. = 0)

≥1 1.65 (1.51, 1.82) <0.001 1.37 (1.24, 1.52) <0.001

Years of diagnosis (ref. = 2008–2010)

2011–2014 0.96 (0.91, 1.24) 0.1157 0.99 (0.91, 1.18) 0.6025

2015–2018 0.97 (0.94, 1.21) 0.3046 0.98 (0.84, 1.12) 0.7025

AJCC stages (ref. = Stage IB)

IIA 1.05 (1.01, 1.54) 0.030 1.39 (1.04, 1.86) 0.026

IIB 1.09 (1.04, 1.27) 0.046 1.38 (1.12, 1.70) 0.002

III 1.51 (1.25, 1.83) <0.001 2.04 (1.68, 2.48) <0.001

IVA 4.21 (3.50, 5.05) <0.001 4.03 (3.32, 4.89) <0.001

Treatment (ref. = CCRT)

RT alone 2.51 (2.28, 2.77) <0.001 1.91 (1.69, 2.16) <0.001

Differentiation (ref. = Grade I)

Grade II 1.01 (0.66, 1.28) 0.623 1.20 (0.85, 1.67) 0.297

Grade III 1.00 (0.72, 1.4) 0.986 1.12 (0.8, 1.57) 0.502

Grade IV 1.61 (0.91, 2.54) 0.343 1.38 (0.87, 2.21) 0.170

Histological type (ref. = Squamous cell carcinoma)

Adenocarcinoma 1.77 (1.55, 2.01) <0.001 1.75 (1.53, 2) <0.001

Medical center (ref. = Nonmedical centers)

Yes 0.89 (0.81, 1.97) 0.279 0.95 (0.86, 1.05) 0.3251

Brachytherapy (ref. = No brachytherapy)

Yes 0.24 (0.22, 0.26) <0.001 0.42 (0.38, 0.46) <0.001
fron
PET–CT, positron emission tomography–computed tomography; HR, hazards ratio; aHR, adjusted hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; CCI, Charlson
comorbidity index; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; y, years.
*All covariates mentioned in Table 2 were adjusted.
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pretreatment PET–CT in patients with stage IB–IVA cervical cancer.

In the current study including the largest sample size and a long-term

follow-up and using modern RT techniques and PET facilities

integrated with the CT scan, pretreatment PET–CT was

significantly superior to nonpretreatment PET–CT in terms of all-

cause death (aHR, 0.78; 95% CI, 0.60–0.92; P = 0.013 and aHR, 0.90;

95% CI, 0.81–0.99; P = 0.039 for early and advanced stages,

respectively; Table 3).

This is the largest study using the head-to-head PSM design to

balance potential confounding factors associated with mortality in

patients with cervical cancer receiving IG-IMRT with or without

pretreatment PET–CT. After PSM, all cofounding factors were

balanced (Table 1). We believe that the selection bias would be

minimal between the case and control groups. The results of

multivariable Cox regression model analysis revealed that age > 60

years; advanced clinical stages of IIA, IIB, and IVA; RT alone;
Frontiers in Oncology 07
adenocarcinoma; CCI score ≥ 1; no ICBT; and nonpretreatment

PET–CT were associated with poor OS. The poor prognostic factors

are consistent with those reported by previous studies (24–27). Our

study is the first to report poor prognostic factors for OS in patients

with cervical cancer receiving the modern RT technique of IG-IMRT.

Old age, advanced stages, RT alone, adenocarcinoma, CCI score ≥ 1,

no IBCT, and nonpretreatment PET–CT were determined as poor

prognostic factors for OS, even in the era of IG-IMRT. Moreover,

although patients with cervical cancer were treated with the

contemporary RT technique of IG-IMRT, ICBT was still necessary

and IG-IMRT was insufficient as an alternative treatment to ICBT;

this finding is consistent with that of a previous study (27).

Uncertainty regarding patient positioning requires clinicians to

add extra margins to target volumes beyond those based on original

tumor images (28–30). This uncertainty may be due to imprecision in

patient positioning used on a daily basis, despite immobilization, or to
TABLE 3 Cox proportional hazard regression analysis of the risk of all-cause death in propensity score–matched patients with AJCC stage IB–IIA cervical cancer.

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Pretreatment PET–CT (ref. = No)

Yes 0.74 (0.57, 0.95) 0.019 0.78 (0.60, 0.92) 0.013

Age (ref. Age ≤ 40 y)

40 y < Age ≤ 50 y 1.04 (0.74, 1.48) 0.8091 1.05 (0.73, 1.49) 0.8064

50 y < Age ≤ 60 y 1.12 (0.77, 1.63) 0.5591 1.02 (0.69, 1.53) 0.9052

Age > 60 y 2.11 (1.54, 2.88) <0.001 1.64 (1.12, 2.38) 0.0101

CCI score(ref. = 0)

≥1 1.87 (1.48, 2.36) <0.001 1.61 (1.26, 2.07) <0.001

Years of diagnosis(ref. = 2008–2010)

2011–2014 1.20 (0.86, 1.65) 0.281 1.16 (0.82, 1.65) 0.393

2015–2018 1.20 (0.85, 1.68) 0.301 1.02 (0.7, 1.50) 0.913

AJCC stage(ref. = Stage IB)

IIA 1.16 (0.86, 1.56) 0.334 1.39 (1.01, 1.89) 0.040

Treatment(ref. = CCRT)

RT alone 1.07 (0.56, 1.49) 0.373 1.04 (0.58, 1.11) 0.228

Differentiation(ref. = Grade I)

Grade II 1.36 (0.50, 3.69) 0.543 2.81 (0.99, 7.97) 0.154

Grade III 1.37 (0.50, 3.76) 0.535 2.25 (0.79, 6.39) 0.129

Grade IV 2.07 (0.52, 8.29) 0.303 2.65 (0.64, 11.00) 0.179

Histological type(ref. = Squamous cell carcinoma)

Adenocarcinoma 1.60 (1.17, 2.18) 0.0033 1.86 (1.34, 2.6) 0.0002

Medical center (ref. = No)

Yes 0.76 (0.61, 1.15) 0.2182 0.77 (0.59, 1.19) 0.2439

Brachytherapy (ref. = No)

Yes 0.22 (0.17, 0.27) <0.001 0.31 (0.24, 0.4) <0.001
fron
PET–CT, positron emission tomography–computed tomography; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; CCI, Charlson
comorbidity index; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; y, years.
*All covariates mentioned in Table 2 were adjusted.
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inherent organ motion (28–30). During each treatment, the real-time

imaging of the treatment target and normal organs allows for the

minimization of such additional margins and the reduction of

irradiated volumes, leading to a decreased risk of missing a target

(28–30). This technology is collectively referred to as IGRT and

employs various methods for real-time imaging and treatment

adjustment. Refinements to 3D-CRT include IMRT and IGRT.

Conformal therapy is generally used to reduce toxicity (28–30). The

reduction in toxicity has enabled performing dose escalation trials for

improving long-term tumor control or OS. Tsai et al. performed a

RCT by including a small sample size and a short-term follow-up and

demonstrated that pretreatment PET did not result in survival

benefits but only enhanced the detection of extrapelvic metastasis,

mainly paraaortic lymph nodes (23). These findings might be

attributed to the use of old RT techniques (2D-RT) that resulted in
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more toxicity or insufficient irradiation doses to extrapelvic

metastasis or paraaortic lymph nodes (23). However, compared

with old RT techniques, such as 2D-RT, the dose escalation in IG-

IMRT might result in less toxicity and more precision, leading to the

accurate delineation of cervical cancer (31). Therefore, pretreatment

PET–CT might be associated with longer OS compared with

nonpretreatment PET–CT in the era of IG-IMRT.

In the future, a large and well-designed RCT may be necessary to

confirm the survival benefit of pretreatment PET–CT for patients

with stage IB–IVA cervical cancer receiving RT or CCRT in the era of

IG-IMRT, although the inclusion of a control arm (nonpretreatment

PET–CT) for patients with cervical cancer, especially for those with

advanced stages, can be an ethical problem because of the accurate

detection of extrapelvic metastasis or paraaortic lymph nodes (23).

Owing to the difficulty in performing this type of RCT, a large
TABLE 4 Cox proportional hazard regression analysis of the risk of all-cause death in propensity score–matched patients with AJCC stage IIB–IVA
cervical cancer.

Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Pretreatment PET–CT (ref. = No)

Yes 0.88 (0.80, 0.97) 0.014 0.90 (0.81, 0.99) 0.039

Age (ref. Age ≤ 40 y)

40 y < Age ≤ 50 y 1.06 (0.75, 1.11) 0.054 1.03 (0.72, 1.06) 0.113

50 y < Age ≤ 60 y 0.88 (0.75, 1.03) 0.104 1.04 (0.72, 1.09) 0.135

Age > 60 y 1.65 (1.44, 1.89) <0.001 1.04 (1.01, 1.22) 0.044

CCI score (ref. = 0)

≥1 1.65 (1.49, 1.83) <0.001 1.33 (1.19, 1.48) <0.001

Years of Diagnosis (ref. = 2008–2010)

2011–2014 1.12 (0.99, 1.27) 0.082 1.02 (0.89, 1.18) 0.747

2015–2018 1.08 (0.95, 1.23) 0.258 0.96 (0.82, 1.11) 0.562

AJCC stage (ref. = Stage IIB)

III 1.16 (1.03, 2.93) 0.015 1.14 (1.09, 2.88) 0.036

IVA 2.67 (1.11, 6.43) 0.028 3.00 (1.24, 7.26) 0.014

Treatment (ref. = CCRT)

RT alone 3.11 (2.79, 3.47) <0.001 2.02 (1.76, 2.31) <0.001

Differentiation (ref. = Grade I)

Grade II 0.87 (0.61, 1.23) 0.432 1.10 (0.77, 1.57) 0.590

Grade III 0.93 (0.65, 1.32) 0.667 1.05 (0.73, 1.49) 0.809

Grade IV 1.55 (0.95, 2.52) 0.078 1.33 (0.81, 2.18) 0.265

Histological type (ref. = Squamous cell carcinoma)

Adenocarcinoma 1.89 (1.64, 2.17) <0.001 1.77 (1.52, 2.05) <0.001

Medical center (ref. = Nonmedical centers)

Medical centers 0.92 (0.84, 1.02) 0.109 0.99 (0.89, 1.11) 0.909

Brachytherapy (ref. = No)

Yes 0.26 (0.24, 0.29) <0.001 0.45 (0.4, 0.5) <0.001
fron
PET–CT, positron emission tomography–computed tomography; HR, hazard ratio; aHR, adjusted hazard ratio; CI, confidence interval; AJCC, American Joint Committee on Cancer; CCI, Charlson
comorbidity index; RT, radiotherapy; CCRT, concurrent chemoradiotherapy; y, years.
*All covariates mentioned in Table 2 were adjusted.
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retrospective observational study might be necessary. However, in a

large cohort, with in-depth postprocessing such as PSM, a

retrospective study of an existing database without randomization

cannot mimic a RCT, possibly resulting in a selection bias. Thus, a

study with the PSM design can be performed to address the question

regarding the use of available data and complement the lack of well-

designed RCTs.

Our study strengths are as follows. This is the first, largest, long-

term follow-up cohort study using a homogenous modality with
Frontiers in Oncology 09
integrated PET–CT to estimate the survival outcomes of pretreatment
18This study investigated the effects of FDG-PET–CT or

nonpretreatment PET–CT on patients with cervical cancer stratified

by different clinical stages. Comparative reports for different clinical

stages, sufficient sample sizes, long-term follow-up periods,

homogenous 18FDG-PET–CT modalities, and PSM design

mimicking the RCT are lacking. In the present study, pretreatment
18FDG-PET–CT was associated with survival benefits for the patients

with stage IB–IVA cervical cancer. Our result suggests that
frontiersin.org
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FIGURE 1

Kaplan–Meier overall survival curves for propensity score–matched patients with cervical cancer. (A) All stages; (B) stage IB–IIA; (C) stage IIB–IVA.
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pretreatment 18FDG-PET–CT is necessary for patients with cervical

cancer receiving RT or CCRT, especially in the era of IG-IMRT. Our

findings should be considered in future clinical practice and

prospective clinical trials.

This study has some limitations. First, because all patients with

cervical cancer were enrolled from the Asian population, the

corresponding ethnic susceptibility compared with the non-Asian

population remains unclear; hence, our results should be cautiously

extrapolated to non-Asian populations. However, no evidence

demonstrates differences in survival outcomes between Asian and

non-Asian patients with cervical cancer receiving RT or CCRT.

Second, although the main advantage of PSM is that it enables a

more precise estimation of the intervention response, PSM cannot

control for factors not accounted for in the model and is based on an

explicit selection bias toward patients who could be matched (i.e.,

those who could not be matched are not part of the scope of

inference). Third, we do not have data for young cervical cancer

patients who may require fertility-sparing treatment, and this may

limit the generalizability of our findings to this population. Fourth,

the diagnoses of all comorbidities were based on ICD-9-CM or ICD-

10-CM codes. However, the combination of the TCR and NHIRD

appears to be a valid resource for population studies on comorbidities

(32–34). Moreover, the TCR administration randomly reviews charts

and interviews patients to verify the accuracy of diagnoses, and

hospitals with outlier chargers or practices may be audited and

subsequently heavily penalized if malpractice or discrepancies are

identified. Despite these limitations, a major strength of the present

study is the use of a nationwide population-based registry with

detailed baseline and treatment information. Lifelong follow-up was

possible through the linkage of the registry with the national Cause of

Death database. Considering the magnitude and statistical

significance of the observed effects in the current study, the

limitations are unlikely to affect our conclusions.

Conclusion

Pretreatment 18FDG-PET–CT might be associated with longer

survival in patients with stage IB–IVA cervical cancer receiving RT or

CCRT, especially in the era of IG-IMRT.
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