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Role of 18FDG PET/CT
metabolic parameters in
predicting hematological
toxicity during
chemoradiotherapy for locally
advanced cervical cancer
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1Key Laboratory of Carcinogenesis and Translational Research (Ministry of Education/Beijing), NMPA
Key Laboratory for Research and Evaluation of Radiopharmaceuticals (National Medical Products
Administration), Department of Nuclear Medicine, Peking University Cancer Hospital and Institute,
Beijing, China, 2Key Laboratory of Carcinogenesis and Translational Research (Ministry of
Education/Beijing), Department of Radiation Oncology, Peking University Cancer Hospital and
Institute, Beijing, China
Purpose: The aim of this study is to evaluate the value of 18FDG PET/CT

metabolic parameters in predicting hematological toxicity (HT) during

chemoradiotherapy (CRT) for locally advanced cervical cancer (LACC).

Methods and materials: Forty-one patients with LACC undergoing concurrent

CRT were retrospectively analyzed. The correlations among age, body mass

index, FIGO stage, differentiation, maximum diameter of primary lesion,

parametrial invasion, lymph node metastasis, pelvic active bone marrow

volume (BMACT), BMACT volume percentage (BMACT%), maximum

standardized uptake value (SUVmax), metabolic tumor volume (MTV), total

lesion glycolysis (TLG), and HT were analyzed using hypothesis testing and

logistic regression. A p-value< 0.05 was considered significant unless

otherwise specified.

Results: Among the 41 patients, 19 had grade 3–4 HT and 22 had grade 0–2

HT. Only SUVmax (Z = −1.961, p = 0.050) and BMACT% (c2 = 7.769, p = 0.020)

showed statistically significant difference in univariate analysis. In logistic

regression, grade 3–4 HT was not associated with SUVmax. The probability

of HT occurrence in<30% BMACT% was 0.071 times less than in 30%–40%

BMACT% (p = 0.010, OR = 0.071, 95% CI = 0.010–0.532), and the probability of

HT occurrence in >40% BMACT% was 0.148 times less than in 30%–40%

BMACT% (p = 0.037, OR = 0.148, 95% CI = 0.025–0.892).
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Conclusion: Baseline 18FDG PET/CT BMACT% could help predict the severity of

HT during CRT for LACC.
KEYWORDS

positron emission tomography computed tomography, bonemarrow, cervical cancer,
toxicity, hematology
Introduction

Cervical cancer is the fourth most common cancer among

women in the world (1). The standard treatment for locally

advanced cervical cancer (LACC) (FIGO stage IB2-IVA) is

concurrent chemoradiotherapy (CRT), which can improve the

overall survival and local control rate and make the 3-year

disease-free survival rate reaching 40%–75% (2, 3). Bone

marrow can be divided into red bone marrow and yellow

bone marrow. Red bone marrow is mainly distributed in

pelvis, lumbar, and thoracic vertebrae and has highly

hematopoietic activity. The irradiation and the cytotoxic

drugs induce the red bone marrow to differentiate into

adipocytes, increase the fat content of bone marrow, and

inhibit hematopoietic function (4), resulting in treatment

delay, reduction of chemotherapy effectiveness, infection,

blood transfusion, etc. (5, 6). Therefore, the prediction of

hematological toxicity (HT) of LACC during CRT before

treatment is important.
18FDG PET/CT has been widely used in active bone marrow

imaging (6), but there is no literature reporting the role of PET

metabolic parameters such as maximum standardized uptake

value (SUVmax), metabolic tumor volume (MTV), and total

lesion glycolysis (TLG) in predicting HT during CRT. Moreover,

whether and how can PET/CT defined pelvic active bone

marrow volume (BMACT) be applied to predict HT remains

questionable (7). Therefore, the purpose of this study is to

analyze the predictive effect of baseline 18F-FDG PET/CT

BMACT on HT during CRT for LACC.
Materials and methods

Subjects

We retrospectively included patients with cervical cancer in

our institution from 2015 to 2021. Inclusion criteria are as follows:

a) pathologically proved cervical cancer, 2018 FIGO stage IB2-

IVA; b) baseline 18F-FDG PET/CT image was performed; c)

treated with CRT, and medical records available. Exclusion

criteria are as follows: a) previous history of other malignancies;
02
b) HT occurred before treatment; c) accompanied by cardiac,

liver, or renal dysfunction; and d) pregnancy.

Finally, 41 cases were included, and their baseline

characteristics were summarized in Table 1.
Examination procedures

All patients were fasting for more than 4 h before

examination, and the plasma glucose levels were lower than 10

mmol/L. Then, patients were injected with 3.0–3.7 MBq/kg 18F-

FDG. After rest for about 1 h, the whole-body PET/CT scan was

acquired using a Biograph mCT Flow 64 scanner (Siemens,

Erlangen, Germany) (120 kV; 310 mAs; slice, 3 mm; matrix, 200

× 200; filter, 5-mm Gaussian), continuous table moving

acquisition with a flow speed of 1.5 mm/s over the torso of

each subject (from the base of the skull to the middle of the

femur). The reconstruction algorithm is ordered subset

expectation maximum, iteration 2, subset 21, with point

spread function (PSF) and time of flight (TOF) enabled.
Data analysis

Two exper ienced nuc lear medic ine phys ic ians

independently reviewed all studies, and disagreements were

resolved by consensus. Maximum diameter of primary lesion,

parametrial invasion, and lymph node metastasis were analyzed

and recorded. The Siemens workstation (Simens Syngo.via

VB20A) was used for postprocessing. A three-dimensional

ellipsoid volume of interest (VOI) was manually drawn to

each primary lesion. SUVmax was defined as the maximum

SUV within the VOI. The segmentations with SUV greater than

40% SUVmax were used to calculate MTV and TLG, as

described in a previous literature (8).

If the interference of other high uptake foci (such as urine)

cannot be avoided when drawing VOI of primary lesion, then we

used ITK-SNAP software (version 3.8.0) to draw another VOI in

the interfered area, used MATLAB software (MathWorks, version

r2020a) to clear the PET data in the drawn VOI to remove the

interfering volume, and then used the post-processing workstation

to obtain PET metabolic parameters, as described above.
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Pelvic bone, including L4-L5 vertebrae and bones within

the pelvis extending inferiorly to the ischial tuberosity, was

drawn by semi-automatic method (9). First, an automatic

thresholding segmentation was done by MATLAB to isolate

the pelvic bone. In this procedure, Hounsfield unit greater than

or equal to 150 was considered as bone. Second, the selected

regions were manually corrected. BMTOT volume was define as

the volume of the pelvic bone. BMACT for each patient was

defined as volume of the region within the BMTOT with an SUV

greater than or equal to the patient’s individual mean SUV.

BMACT% was defined as BMACT divided by BMTOT. A case of

BMACT and BMTOT distribution is shown in Figure 1.
Frontiers in Oncology 03
Treatments

All patients received concurrent CRT. IMRT or rapid arc

intensity-modulated radiotherapy (RapidArc) technology was

used for external irradiation. The total pelvic radiotherapy was

45 Gy/25 times. The dosage of pelvic wall was determined

according to the FIGO stage. 192Ir brachytherapy treatment

was performed four to six times after 3 weeks of external

irradiation, and the total dose was 75~85 Gy. All chemotherapy

regimens were platinum-based. The regimens included TP (D1:

paclitaxel, 135 mg/m2; D2: cisplatin, 60 mg/m2; 21-day repeat, one

to two cycles), weekly cisplatin (D1: 40 mg/m2, four to six cycles).
FIGURE 1

A case of BMACT and BMTOT distribution. (A) Red indicates that bone SUV is lower than the average SUV of the patient’s individual mean SUV. (B)
Green indicates that bone SUV is greater than or equal to the average SUV of the patient’s individual mean SUV. (C) Total volume of Pelvic bone.
TABLE 1 Patient characteristics.

Characteristics n Percent (%)

Total 41 100

Age 52.6 ± 10.4 –

BMI 22.6 ± 3.0 –

Pathology

Squamous cell carcinoma 38 92.7

Adenocarcinoma 3 7.3

FIGO stage

IB2-II 6 14.6

III 32 78.0

IVA 3 7.3

Differentiation

Low differentiation 7 17.1

Middle differentiation 24 58.5

High differentiation 10 24.4
BMI, body mass index.
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Hematologic toxicity

A complete blood cell count was given to the patient before

any treatment and then weekly during the CRT. The frequency

of complete blood cell count can be increased if necessary. In this

study, two patients received blood transfusion due to low platelet

count: one was given an additional complete blood cell count

after blood transfusion, and the other was given two additional

complete blood cell counts after blood transfusion. Nadirs of

absolute counts of white blood cells (WBC), neutrophils (ANC),

hemoglobin (HGB), and platelets (PLT) were recorded and

graded according to Common Terminology Criteria for

Adverse Events (CTCAE) version 5 to determine leukopenia,

neutropenia, anemia, and thrombocytopenia. Hematologic

toxicity was defined as the maximum grade of these

hematological abnormalities. Patients were grouped according

to more severe than grade 3 HT (recorded as G3+ group) and

grade 0–2 HT (recorded as G0–2 group).
Statistical analysis

All statistical tests were conducted using IBM SPSS version

22.0 for Windows (IBM Corp, Armonk, NY, USA). The

difference between baseline and nadir was compared by paired

t-test (accords with normal distribution) or Wilcoxon signed-

rank test (not accords with normal distribution). The normality

testing was conducted using Kolmogorov–Smirnov testing. The

Chi-square test or Fisher exact test was used to compare the

categorical variables. The Student t-test was used for those

accord with normal distribution, and the Mann–Whitney U-

test was used for those not accord with normal distribution.

Then, the binary logistic regression was used to determine the

relationship between HT and factors with statistically significant

differences in the univariate analysis (corresponding to a p-value
Frontiers in Oncology 04
less than 0.1). Holm–Bonferroni correction was used in multi-

group comparison. A p-value less than 0.05 was considered

statistically significant in paired t-test, signed-rank test, and

hypothesis testing in the logistic regression.
Result

Changes in peripheral blood count
during treatment

The mean values of WBC, ANC, PLT, and HGB declined

significantly during treatment. The nadir of WBC was 2.47 ±

1.05, and the baseline was 7.27 ± 3.91, p< 0.001; the nadir of

ANC was 1.61 ± 0.95, and the baseline was 5.12 ± 3.60, p< 0.001;

the nadir of HGB was 101 ± 16, and the baseline was 133 ± 10,

p< 0.001; the nadir of PLT was 101 ± 41, and the baseline was

248 ± 73, p< 0.001, as shown in Figure 2.

During CRT, a total of 19 patients (46.3%) had grade 3–4

HT, the remaining 22 patients (53.7%) had grade 0–2 HT, and

no patient had grade 5 HT. Among them, 14 cases (34.1%) had

grade 3–4 leukopenia, 13 cases (31.7%) had grade 3–4

neutropenia, four cases (9.8%) had grade 3–4 anemia, and

three cases (7.3%) had grade 3–4 thrombocytopenia, as shown

in Table 2.
Relationship of various factors with HT

The differences in clinical and pathological features

[including age, body mass index (BMI), FIGO stage,

differentiation, maximum diameter of primary lesion,

parametrial invasion, and lymph node metastasis] and PET/

CT metabolic parameters (including BMACT, SUVmax, MTV,
A B DC

FIGURE 2

Changes in peripheral blood cell count between baseline and nadir. (A) WBC. (B) ANC. (C) HGB. (D) PLT. *, p< 0.05.
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and TLG) between the two groups were compared. There was a

significant difference in SUVmax between G3+ group and G0–

2 group (Z = −1.961, p = 0.050), whereas there was no

significant difference in other variables between the two

groups (p > 0.1). When BMACT% was included in the
Frontiers in Oncology 05
analysis as a continuous variable, there was no significant

difference between G3+ group and G0–2 group (t = −0.496,

p = 0.623). However, when BMACT% was grouped as< 30%,

30%–40% and > 40%, there was a significant difference between

G3+ group and G0–2 group (c2 = 7.769, p = 0.020); see Table 3
TABLE 3 Univariate analysis of HT during chemoradiotherapy.

HT

Factors G0–2 group G3+ group c2/t/Z p

n 22 19 N/A N/A

Agea 52.91 ± 11.47 52.16 ± 9.37 0.227 0.821

BMIa 22.45 ± 3.14 22.73 ± 2.95 −0.290 0.774

FIGO stage 0.991 0.635

IB2-II 4 2

III 17 15

IVA 1 2

Differentiation 3.634 0.117

Low differentiation 6 1

Middle differentiation 12 12

High differentiation 4 6

Maximum diameter 4.83 ± 1.45 5.29 ± 1.89 −0.884 0.382

Parametrial invasion 1.154 0.283

Yes 14 15

No 8 4

Lymph node metastasis 0.149 0.699

Yes 15 14

No 7 5

BMa
ACT 138.54 ± 53.18 150.83 ± 55.39 −0.724 0.473

BMACT%
a 34.64% ± 9.63% 36.11% ± 9.34% −0.496 0.623

grouped BMACT% 7.769 0.020*

<30% 10 3

30%–40% 3 10

>40% 9 6

Other metabolic parameters

SUVmaxb 13.87 ± 7.01 18.93 ± 9.68 −1.961 0.050*

MTVa 34.64 ± 26.62 36.40 ± 29.85 −0.201 0.842

TLGa 317.88 ± 274.84 422.95 ± 384.62 −1.016 0.316
frontiers
*, Statistically significant; a, use Student t-test; b, use Mann–Whitney U-test.
TABLE 2 Hematologic toxicity during chemoradiotherapy.

Toxicity Grade (%)

0 1 2 3 4

All 2 (4.9) 2 (4.9) 18 (43.9) 15 (36.6) 4 (9.8)

Leukopenia 3 (7.3) 7 (17.1) 17 (41.5) 13 (31.7) 1 (2.4)

Neutropenia 14 (34.1) 6 (14.6) 8 (19.5) 10 (24.4) 3 (7.3)

Anemia 14 (34.1) 7 (17.1) 16 (39.0) 4 (9.8) 0 (0.0)

Thrombocytopenia 21 (51.2) 7 (17.1) 10 (24.4) 1 (2.4) 2 (4.9)
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for details. The Chi-square test found that, in G3+ group and

G0–2 group, BMACT%< 30% vs. 30%–40% (c2 = 7.538, p =

0.006) and BMACT% 30%–40% vs. > 40% (c2 = 3.877, p =

0.049) were significantly different, whereas BMACT%< 30% vs.

> 40% was not significantly different (c2 = 0.303, p = 0.582).
Logistic regression

SUVmax and grouped BMACT% were included to develop a

logistic regression model. It was found that SUVmax had no

predictive effect on HT during radiotherapy and chemotherapy

(p = 0.059, OR = 1.107, 95% CI = 0.996–1.230). Patient whose

BMACT% less than 30% has a probability of occur grade 3+ HT

0.071 times less than that patient whose BMACT% between 30%

and 40% (p = 0.010, OR = 0.071, 95% CI = 0.010–0.532), and

patient whose BMACT% greater than 40% has a probability of

occur grade 3+ HT 0.148 times less than that patient whose

BMACT% between 30% and 40% (p = 0.037, OR = 0.148, 95% CI

= 0.025–0.892), respectively (see Table 4 for details) (see Figure 3

for typical cases).
Frontiers in Oncology 06
Discussion
Concurrent CRT is the main treatment for LACC, but it

usually induces some adverse effects. According to the CTCAE

standard, toxicity above grade 3 requires clinical intervention,

which usually leads to delayed chemotherapy or interruption of

radiotherapy (10). Therefore, early prediction of severe HT has

important clinical significance. In this study, HT of grade 3 or

higher was considered as the criterion of severe toxicity. Previous

literature reported that, during CRT for LACC, the proportion of

severe HT was about 10%–70% (10). In this study, the

proportion is 37%, which is consistent with previous

literature reports.

Traditional clinical characteristics have limitations in

predicting HT during CRT for LACC. Bosque et al. (11)

retrospectively analyzed 59 cases of LACC and found that the

group with grade 2 or higher HT during CRT has a significantly

lower BMI than that of the group with grade 0–1 HT (p = 0.004).

Xiang et al. (7) analyzed 184 cases of cervical cancer and revealed

that the diagnosed age, FIGO stage, differentiation, and BMI

were not related to HT during CRT. In this study, we found that
TABLE 4 Logistic regression results.

p OR 95%CI

SUVmax 0.059 1.107 0.996–1.230

30%< BMACT%< 40% 0.028*

BMACT%< 30% 0.010* 0.071 0.010–0.532

BMACT% > 40% 0.037* 0.148 0.025–0.892
fro
*, Statistically significant.
FIGURE 3

(A–E) A 47-year-old women suffered FIGO stage IIIC1r cervical cancer, the maximum diameter of primary lesion was 6.0 cm: the SUVmax was
17.5, the MTV was 39.4 cm3, and the BMACT% was 31.2%. G3+ hematologic toxicity occurred during chemoradiotherapy. (F–J) A 55-year-old
women suffered FIGO stage IIIC1r cervical cancer: the maximum diameter of primary lesion was 5.1 cm, the SUVmax was 12.9, the MTV was
39.5 cm3, and the BMACT% was 49.8%. G3+ hematologic toxicity occurred during chemoradiotherapy. (A, F) Axial CT image of primary lesion. (B,
G) Axial PET image of primary lesion. (C, H) Axial PET/CT fusion image of primary lesion. (D, I) Maximum intensity projection of trunk PET. (E, J)
Coronal PET/CT fusion image with BMACT shows in green.
ntiersin.org

https://doi.org/10.3389/fonc.2022.956652
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Meng et al. 10.3389/fonc.2022.956652
there were no significant differences in BMI between the groups

with grade 3–4 HT and grade 0–2 HT. The possible reason is

that the BMI of patients included in this study is mostly within

the normal range, whereas there are more cases of overweight

and obesity in the study of Bosque et al. In this study, age, FIGO

stage and differentiation shows no statistically significant in

patients with grade 3–4 HT and grade 0–2 HT, which is

consistent with Xiang.

CT, MRI, and PET/CT are widely used in staging,

radiotherapy planning, response evaluation, and recurrence

evaluation of cervical cancer (8, 12, 13), but the ability of these

methods to predict HT during CRT for LACC has not been

reported in the literature. This study did not find any relation

between common PET metabolic parameters, such as maximum

diameter of primary lesions, SUVmax, MTV and TLG, and G3+

HT during CRT. The reason may be that, according to the

guidelines, the regimen of CRT is unified and is not affected by

characteristics of the primary lesion.

The predictive value of BMACT in predicting HT during CRT

has been reported in many literatures. Some studies have

analyzed BMACT radiation dose and HT, but the studies are

scarce and the sample sizes are small. For example, Zhou et al.

(14) retrospectively studied 31 patients and found that the

absolute volume of pelvic active bone marrow spared 40 Gy<

738 cc maybe a stronger predictor of HT, with a sensitivity of

75% and a specificity of 100%. On the other hand, there is no

consensus reached in the optimal bone marrow dose/volume

limit standard (14, 15), and only few literature studied the

relationship between BMACT and HT. Wang et al. (16) found

that, in 39 patients with cervical cancer, the BMACT determined

by 99mTc-sulfur colloid SPECT<387.5 cm3 can predict HT, with

a sensitivity of 84.2% and a specificity of 85%. Khullar et al. (17)

retrospectively studied 21 patients and found that BMACT

determined by 18FDG PET/CT< 1201 ml can predict grade 3

+HT, with a sensitivity of 66.6% and a specificity of 100%. The

sample sizes of these studies were all small, and the conclusions

are different. In this study, we found the relationship between the

BMACT% defined by baseline PET/CT and HT during CRT

seemed to be nonlinear for the first time. When the BMACT% lies

between 30% and 40%, the probability of HT was significantly

higher than the BMACT% > 40% group, as we expected.

However, we found that the incidence of HT in BMACT%<

30% group was lower than 30%–40% group, whereas it was not

significantly different from BMACT% > 40% group. The possible

reason maybe that, because all the patient had no HT before

treatment, the baseline bone marrow reserve was sufficient.

When pelvic BMACT% is low, more active bone marrow will

be in the rest of the torso, which is not affected by radiotherapy.

When BMACT% is high, there will be more residual active red

bone cells in pelvic bone during the therapy, and when BMACT%

is within a certain range, the hematopoiesis will be greatly

affected by CRT. This conclusion needs to be proved by

further large sample research studies.
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This study has several limitations. First, this was a single-

center retrospective study, which may lead to selection bias;

second, the sample size of this study is small, and there may be

some random errors; and third, the subgroup cutoff of BMACT%

also has to be validated by a larger sample size, which requires

future studies.
Conclusion

In conclusion, baseline 18FDG PET/CT BMACT% could help

predict the severity of HT during CRT for LACC. Other clinical

features, pathological features and PET/CT metabolic

parameters could not help predict the severity of HT.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

Written informed consent was not obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.
Author contributions

TM, XM, XL and NL contributed to the study’s conception

and design. Material preparation, data collection, and analysis

were performed by TM, XX, and NL. The statistical methods

were reviewed by XM. The first draft of the manuscript was

written by TM and was revised by NL and ZY. All authors

contributed to the article and approved the submitted version.
Funding

This study was funded by Beijing Hospitals Authority’

Ascent Plan, Code: DFL20191102; National Natural Science

Foundation (No. 81871387 and No. 81871386); and Beijing

Natural Science Foundation (No. 7202027).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fonc.2022.956652
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Meng et al. 10.3389/fonc.2022.956652
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Oncology 08
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin (2022) 72(1):7–33. doi: 10.3322/caac.21708

2. Mell LK, Xu R, Yashar CM, McHale MT, Einck JP, Mayadev J, et al. Phase 1
trial of concurrent gemcitabine and cisplatin with image guided intensity
modulated radiation therapy for locoregionally advanced cervical carcinoma. Int
J Radiat Oncol Biol Phys (2020) 107(5):964–73. doi: 10.1016/j.ijrobp.2020.04.019

3. Harkenrider MM, Markham MJ, Dizon DS, Jhingran A, Salani R, Serour RK,
et al. Moving forward in cervical cancer: Enhancing susceptibility to DNA repair
inhibition and damage, an NCI clinical trials planning meeting report. J Natl
Cancer Inst (2020) 112(11):1081–8. doi: 10.1093/jnci/djaa041

4. Franco P, Arcadipane F, Ragona R, Mistrangelo M, Cassoni P, Racca P, et al.
Hematologic toxicity in anal cancer patients during combined chemo-radiation: a
radiation oncologist perspective. Expert Rev Anticancer Ther (2017) 17(4):335–45.
doi: 10.1080/14737140.2017.1288104

5. Lee EYP, Perucho JAU, Vardhanabhuti V, He J, Siu SWK, Ngu SF, et al.
Intravoxel incoherent motion MRI assessment of chemoradiation-induced pelvic
bone marrow changes in cervical cancer and correlation with hematological
toxicity. J Magn Reson Imaging (2017) 46(5):1491–8. doi: 10.1002/jmri.25680

6. Rose BS, Liang Y, Lau SK, Jensen LG, Yashar CM, Hoh CK, et al. Correlation
between radiation dose to (1)(8)F-FDG-PET defined active bone marrow
subregions and acute hematologic toxicity in cervical cancer patients treated
with chemoradiotherapy. Int J Radiat Oncol Biol Phys (2012) 83(4):1185–91. doi:
10.1016/j.ijrobp.2011.09.048

7. Xiang X, Ding Z, Zeng Q, Feng L, Qiu C, Chen D, et al. Dosimetric
parameters and absolute monocyte count can predict the prognosis of acute
hematologic toxicity in cervical cancer patients undergoing concurrent
chemotherapy and volumetric-modulated arc therapy. Radiat Oncol (2022) 17
(1):48. doi: 10.1186/s13014-022-02018-1

8. Wang D, Liu X, Wang W, Huo L, Pan Q, Ren X, et al. The role of the
metabolic parameters of (18)F-FDG PET/CT in patients with locally advanced
cervical cancer. Front Oncol (2021) 11:698744. doi: 10.3389/fonc.2021.698744

9. van Eijnatten M, van Dijk R, Dobbe J, Streekstra G, Koivisto J, Wolff J. CT
image segmentation methods for bone used in medical additive manufacturing.
Med Eng Phys (2018) 51:6–16. doi: 10.1016/j.medengphy.2017.10.008

10. Yan K, Ramirez E, Xie XJ, Gu X, Xi Y, Albuquerque K. Predicting severe
hematologic toxicity from extended-field chemoradiation of para-aortic nodal
metastases from cervical cancer. Pract Radiat Oncol (2018) 8(1):13–9. doi:
10.1016/j.prro.2017.07.001

11. Bosque MAS, Cervantes-Bonilla MA, Palacios-Saucedo GDC. Clinical and
dosimetric factors associated with the development of hematologic toxicity in
locally advanced cervical cancer treated with chemotherapy and 3D conformal
radiotherapy. Rep Pract Oncol Radiother (2018) 23(5):392–7. doi: 10.1016/
j.rpor.2018.07.011

12. Lima GM, Matti A, Vara G, Dondi G, Naselli N, De Crescenzo EM, et al.
Prognostic value of posttreatment (18)F-FDG PET/CT and predictors of metabolic
response to therapy in patients with locally advanced cervical cancer treated with
concomitant chemoradiation therapy: an analysis of intensity- and volume-based
PET parameters. Eur J Nucl MedMol Imaging (2018) 45(12):2139–46. doi: 10.1007/
s00259-018-4077-1

13. Rufini V, Collarino A, Calcagni ML, Meduri GM, Fuoco V, Pasciuto T, et al.
The role of (18)F-FDG-PET/CT in predicting the histopathological response in
locally advanced cervical carcinoma treated by chemo-radiotherapy followed by
radical surgery: a prospective study. Eur J Nucl Med Mol Imaging (2020) 47
(5):1228–38. doi: 10.1007/s00259-019-04436-y

14. Zhou YM, Freese C, Meier T, Go D, Khullar K, Sudhoff M, et al. The
absolute volume of PET-defined, active bone marrow spared predicts for high
grade hematologic toxicity in cervical cancer patients undergoing chemoradiation.
Clin Transl Oncol (2018) 20(6):713–8. doi: 10.1007/s12094-017-1771-6

15. Rahimy E, von Eyben R, Lewis J, Hristov D, Kidd E. Evaluating dosimetric
parameters predictive of hematologic toxicity in cervical cancer patients
undergoing definitive pelvic chemoradiotherapy. Strahlenther Onkol (2022). doi:
10.1007/s00066-021-01885-z

16. Wang SB, Liu JP, Lei KJ, Jia YM, Xu Y, Rong JF, et al. The volume of (99m)
Tc sulfur colloid SPET-defined active bone marrow can predict grade 3 or higher
acute hematologic toxicity in locally advanced cervical cancer patients who
receive chemoradiotherapy. Cancer Med (2019) 8(17):7219–26. doi: 10.1002/
cam4.2601

17. Khullar K, Sudhoff M, Elson J, Herzog T, Jackson A, Billingsley C, et al. A
comparison of dosimetric parameters in PET-based active bone marrow volume
and total bone volume in prediction of hematologic toxicity in cervical cancer
patients treated with chemoradiation. J Radiat Oncol (2016) 6(2):161–5. doi:
10.1016/j.ijrobp.2016.06.1399
frontiersin.org

https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.ijrobp.2020.04.019
https://doi.org/10.1093/jnci/djaa041
https://doi.org/10.1080/14737140.2017.1288104
https://doi.org/10.1002/jmri.25680
https://doi.org/10.1016/j.ijrobp.2011.09.048
https://doi.org/10.1186/s13014-022-02018-1
https://doi.org/10.3389/fonc.2021.698744
https://doi.org/10.1016/j.medengphy.2017.10.008
https://doi.org/10.1016/j.prro.2017.07.001
https://doi.org/10.1016/j.rpor.2018.07.011
https://doi.org/10.1016/j.rpor.2018.07.011
https://doi.org/10.1007/s00259-018-4077-1
https://doi.org/10.1007/s00259-018-4077-1
https://doi.org/10.1007/s00259-019-04436-y
https://doi.org/10.1007/s12094-017-1771-6
https://doi.org/10.1007/s00066-021-01885-z
https://doi.org/10.1002/cam4.2601
https://doi.org/10.1002/cam4.2601
https://doi.org/10.1016/j.ijrobp.2016.06.1399
https://doi.org/10.3389/fonc.2022.956652
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Role of 18FDG PET/CT metabolic parameters in predicting hematological toxicity during chemoradiotherapy for locally advanced cervical cancer
	Introduction
	Materials and methods
	Subjects
	Examination procedures
	Data analysis
	Treatments
	Hematologic toxicity
	Statistical analysis

	Result
	Changes in peripheral blood count during treatment
	Relationship of various factors with HT
	Logistic regression

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


