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ARTICLE INFO ABSTRACT

Purpose: To evaluate the value of integrated multi-parameter positron emission tomography-intravoxel in-
coherent motion magnetic resonance (PET-IVIM MR) imaging in the assessment of treatment response in patients
with cervical cancer treated with concurrent chemoradiotherapy (CCRT).

Materials and methods: A total of 41 patients underwent PET-MR scans before, during (at the end of the third
week) and after CCRT were included in this study. The PET-MR imaging parameters were measured on the tumor
and the percentage change between the two time points were calculated before and during the treatment. These
parameters were used to evaluate treatment response. A combination prediction model was constructed using
multivariate logistic regression. European Organization for Research and Treatment of Cancer (EORTC)criteria,
measured by the post-therapy(PostTx) PET/MR were used to classify treatment responses: patients were clas-
sified into the complete metabolic responder (CMR) group or the non-complete metabolic responders (N-CMR)
group. The correlations between PET and IVIM parameters and percentage changes during CCRT were in-
vestigated using the Spearman rank correlation.

Results: In all, 13 of 41 (31.7%) patients were defined as N-CMR group. According to constructing multivariate
logistic regression, the combination of pre-therapy(Pre-Tx) total metabolic tumor volume(MTV), the percentage
changes of the maximum standardized uptake value (ASUV,,,x) and the mean diffusion-related coefficient
(ADpmean) during CCRT had the strongest predictive potentiality(AUC 0.912, P < 0.05).In addition,during CCRT
the percentage changes in minimum diffusion-related coefficient(AD,,,) was correlated with
ASUV,.x(Spearman correlation coefficient, r=0.338, P < 0.05).

Conclusions: The combination of Pre-Tx MTV,ASUV .y and ADnean had the strongest predictive value in eval-
uating treatment response for patients with cervical cancer treated with CCRT. Other imaging parameters can be
replaced by these 3 parameters because of their similarities and lower predictive values. In addition, AD,,;, and
ASUV,,.x have a similar value for evaluating treatment response after CCRT in cervical cancer.
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1. Introduction

Cervical cancer, a type of solid tumor, is the second most commonly
diagnosed cancer and the third leading cause of cancer-related death
among women in developing countries [1]. For many years, cervical
cancer was treated by surgery or radiotherapy alone or by a combina-
tion of these two therapies. Now, early-stage cervical cancer is treated
by surgery and later-stage disease is treated by concurrent chemor-
adiotherapy (CCRT): the addition of chemotherapy to the standard
radiotherapy regimen delays disease progression and improves patients’

survival [2-5]. Good results have been achieved in clinical treatment,
but inconsistencies are evident: patients experience varying degrees of
toxic side effects during CCRT [6], and some patients who receive si-
milar standard treatments do not have similar treatment outcomes.
Locoregional treatment failure was often ascribed primarily to radio-
resistance and led to recurrence of the disease after CCRT [7]. If reliable
prognostic imaging indicators can be used to identify radioresistance
early in the disease process, clinicians can adjust treatment options for
patients in a timely manner.

In recent years, positron emission tomography (PET) and diffusion-
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weighted imaging (DWI) have been widely investigated for their values
in predicting treatment response and evaluating disease progression
following CCRT for uterine and cervical cancer [8-12].As an extension
of DWI, intravoxel incoherent motion magnetic resonance (IVIM MR)
uses more b-values to reflect the realistic characteristics of water mo-
lecule diffusion and perfusion in tumor tissue. An IVIM model has been
applied to the identification and evaluation of cervical cancer [13-15].

In this article, all imaging parameters are measured by integrated
PET-MR.Integrated PET-IVIM MR scanners enable simultaneous acqui-
sition of PET and IVIM MR imaging datasets for patients with cervical
cancer who have undergone CCRT.The aim of the present study was to
investigate the value of the imaging parameters and optimal combi-
nation parameters for predicting short-term treatment response in pa-
tients with cervical cancer treated with CCRT.

2. Materials and methods
2.1. Patients

From December 2017 to December 2018, we retrospectively col-
lected data from 41 patients with cervical cancer who were treated in
our hospital. The inclusion criteria were as follows: (1) all CCRT
treatment options were consistent and (2) all patients with cervical
cancer underwent integrated PET-MR scans3 times. The first integrated
PET-MR scan was performed within 3 days prior to CCRT, and the
second scan was performed at the end of the third week of CCRT; and
the third scan was performed within 1 month after CCRT.

2.2. Concurrent chemoradiotherapy

All patients were treated with a combination of external beam
radiotherapy (EBRT) and high dose-rate (HDR) intracavitary bra-
chytherapy (ICBT) by pelvic 3-D conformal external beam radio-
therapy. EBRT was delivered to the whole pelvis with 6 MV photon
beams at a distance of 100 cm; a daily dose of 2.0 Gy was delivered 5
times weekly for a total dose of 46-56 Gy. HDR ICBT was initiated after
an EBRT dose of 30 Gy in 3 weeks. ICBT was performed once weekly
with a 6-Gy fraction. The total dose at point A was 78-90 Gy, and the
external dose at point B was 46-56 Gy. The chemotherapeutic regimen
was cisplatin 30-40 mg/m2 or nedaplatin 50 mg/week.

2.3. FDG-PET/MRI acquisition

Before examination, all patients fasted for at least 6 h (fasting blood
glucose, < 6.6 mmol/L). In a resting state, the pelvic integrated PET-
MR(Signa, GE Healthcare, Waukesha, WI, USA) was performed 60 min
after intravenous administration of 240-350 MBq (depending on body
weight) of fluorodeoxyglucose (18 F-FDG). This PET/MR scanner con-
tains a 3T MRI scanner (GE Signa 750 w) and time-of-flight PET. The
MR and PET subsystems run simultaneously. PET performs attenuation
correction of gamma rays by the 2-point Dixon MR imaging sequence.
The 3-dimensional iterative ordered-subset expectation maximization
algorithm, 3 iterations and 28 subsets, a 4-mm full-width at half max-
imum Gaussian filter, and a 128 x 128 image matrix were used to re-
construct imaging.

The pelvic axial scan ranged from the level of the vagina to the
upper edge of the humerus. During the scan, the patient was breathing
spontaneously. The parameters for pelvic axial T1-W, T2-W, sagittal T2-
W, DWI, and IVIM imaging are summarized in Table 1.

In order to observe the parameters accurately and quantitatively,
the dosages of injected drugs, waiting time, scanning conditions, and
reconstruction parameters were consistent for the 3 repetitions of the
integrated PET-MR scans for each patient.
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2.4. Image analysis

All images were measured and analyzed by 2 radiologists who both
have more than 10 years of experience in radiodiagnosis. Images ob-
tained from PET- MR examination were imported into Advantage
Workstation 4.6 (GE Medical System, Milwaukee, WI, USA). Imaging
was analyzed by Fused-PET/MR software. MR diagnostic criteria for
cervical cancer included high signal intensity lesions on T2WI, low
signal intensity lesions on the apparent diffusion coefficient map, and
high signal intensity lesions on the DWI with a b-value of 800 s/mm2.
The software automatically plotted the entire tumor area as the volume
of interest (VOI). The VOIs were selected by 2 researchers to exclude
cystic, fibrotic, and necrotic portions in the tumor [16]. Recording
parameters were maximum standardized uptake values (SUV,,,), me-
tabolic tumor volume (MTV), and total lesion glycolysis (TLG)within
the VOIL. We conducted IVIM imaging post-processing by the IM-
AgenGINE MRToolbox (Vusion Tech Ltd. Co., China).The relationship
between the bi-exponential model signal change and the b-values were
introduced by the functions: Sb/SO= F X exp[-bx (D*+D)]+(1-
F) X exp-(b x D) [17]. Sb and SO, respectively, represented the mean
signal intensity with diffusion gradient b and without diffusion gradient
[18]. D is the pure slow diffusion coefficient, D* is the fast diffusion
coefficient and, F is the perfusion-related diffusion fraction. Two re-
searchers manually selected the largest area and the 2 adjacent slices of
the tumor on the T2WI and PET images. Two researchers manually
plotted the 3 slices of the region of interest (ROI) along the edge of the
lesion. These ROIs were copied and drawn at the T2WI in the exact
same position on the D and F maps,Recording parameters were
minimum diffusion-related coefficient within these ROIS(Dpin),mean
diffusion-related coefficient within these ROIS(Dyean),mean perfusion-
related parameter within these ROIS(Fpeqan).If no residual tumor was
observed after treatment, the ROI was placed in the area where the
lesion was originally located.

PET- and IVIM-derived parameters of percentage changes in the
tumors were calculated by the following equation :

~/A\SUV ax = [preTx SUV 0,-midTx SUV,p0,01/preTx SUV a, X 100 (%).

-/AMTV = [preTx MTV-midTx MTV)]/preTx MTV x 100 (%).
-/\TLG = [preTx TLG-midTx TLG)]/preTx TLG X 100 (%).
—/\Dpean = [MidTX Dyean -preTX Dinean)]/PreTx Diean X 100 (%).
—/\Dpin = [midTx Dy -preTxX Dpin)1/preTx Dy, X 100 (%).
~/A\Fean = [MidTX Frean -preTX Frean)]/preTx Frean X 100 (%).

preTx = pre-therapy,midTx = mid-therapy (at the end of the third
week)

2.5. Treatment outcome analysis

The post-therapy(PostTx) CCRT PET-MR scans were used to classify
patient responses to treatment as complete metabolic responders (CMR)
or non-complete metabolic responders (N-CMR) according to the
European Organization for Research and Treatment of Cancer(EORTC)
criteria [19]. Detailed cases of CMR and N-CMR are shown in Figs. 1
and 2.

2.6. Statistical analysis

Statistical analyses were performed with MedCalc and SPSS statis-
tical software. To compare the CMR and N-CMR groups, we used ana-
lysis of variance and the chi-square test to compare differences in age
and differences in International Federation of Gynecology and
Obstetrics (FIGO) stage and tumor grade, respectively. The t-test was
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Table 1
The parameters for pelvic axial T1-W, T2-W, sagittal T2-W, DWI, and IVIM imaging.
Axial T1 Axial T2 Sagittal T2 DWI Axial IVIM

TR 500 ms 498ms 4323ms 4000ms 6900ms
TE 8ms 79ms 65ms 238ms minimum
Thickness 6.0mm 6.0mm 6.0mm 6.0mm 8.0mm
Interval 2.0mm 2.0mm 1.2mm 2.0mm 9.0mm
FOV 26cm 36cm 24cm 40cm 40cm
matrix size 384 x 384 384 x 384 384 x 384 128 x 128 128 x 128
NEX 2 1.5 4 6 6
b-values(s/mm?) 0., 800 0,10, 25, 50, 75,100,125,150, 200, 300, 400, 600, 800, and 1000

TR : repetition time ; TE : echo time ; FOV : Field of view ; NEX :number of excitation.

used to compare differences in PET- and IVIM-derived parameters
(quantitative data with a normal distribution); otherwise, the Mann-
Whitney U test was used. The relationships between PET- and IVIM-
derived parameters and treatment responses after CCRT were analyzed
by receiver operating characteristic (ROC) curves. ROC curves were
compared by the DeLong test. A multiple-parameter combination pre-
diction model was constructed using multivariate logistic regression.
The optimal cutoff threshold values were determined to be the point on
the ROC curve where sensitivity and specificity were maximal. The
correlations between PET and IVIM parameters and percentage changes
during CCRT were investigated by the Spearman rank correlation. For
all of the above analyses, a 2-sided P-value of less than 0.05 denoted a
significant difference.

3. Results

The clinical characteristics of the patients are summarized in

PreTX PET-MRI

PreTX IVIM-F

idTX PET-MRI

Table 2. All 41 patients completed the prescribed treatment regimen
and examinations. In all, 13 (31.7%) patients were defined as N-CMR.
There were no statistically significant differences in age (p = 0.43),
FIGO stage (p = 0.329), or tumor grade (p = 0.836) between the CMR
and N-CMR groups.

3.1. Univariate analyses of PET- and IVIM-derived parameters with
treatment response

PET- and IVIM-derived parameters in patients in both the CMR
group and the N-CMR group before and during CCRT are summarized in
Table 3. Significant differences were detected between the CMR group
and the N-CMR group in midTx D,,(t-test, P = 0.025), midTx F(t-test,
P = 0.017),midTx MTV(U test, P = 0.045),AF (t-test,
P = 0.038),ASUV .« (t-test, P = 0.038),preTx MTV (U test, P = 0.009).

The ROC analysis showed that several PET- and IVIM-derived
parameters had a positive effect on predicting treatment response in

No metabolic
residual lesion

PostTX PET-MRI

idTX IVIM-F

Fig. 1. Female, 65 years old, FIGO 2b stage, pathologically confirmed moderately differentiated squamous cell carcinoma ; A, B, Cis T2 and PET fusion, D value, F
value image before treatment ; D, E, F is T2 and PET Fusion, D-value, F-value images during treatment (at the end of the third week) ; G is T2 and PET Fusion after
treatment. No metabolic residual lesion was observed one month after CCRT. Treatment response of the patient was defined as CMR group.
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PreTX PET-MRI

PreTX IVIM-F

MidTX PET-MRI

A
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Metabolic residual
lesion

PostTX PET-MRI

MidTX IVIM-F

Fig. 2. Female, 66 years old, FIGO 2b stage, pathologically confirmed moderately differentiated squamous cell carcinoma ; A, B, C is T2 and PET fusion, D value, F
value imaging before treatment ; D,E,F is T2 and PET Fusion, D-value, F-value imaging during treatment (at the end of the third week) ; G is T2 and PET Fusion
imaging after treatment. Metabolic residual lesion was observed one month after CCRT. Treatment response of the patient was defined as N-CMR group.

Table 2

Patient characteristics.
Clinical features Value
No. of patients 41

Mean age (range) 49.8 years(32-66)

FIGO stage:

I 18(43.9%)
I 20(48.8%)
v 3 (7.3%)
Tumor grade :

Well differentiated 5(12.2%)

Moderately differentiated
Poorly differentiated
short-term outcome

CMR

N-CMR

19(46.3%)
17(41.5%)

28(68.3%)
13(31.7%)

FIGO: The International Federation of Gynecology and Obstetrics.

patients with cervical cancer after CCRT.

Before treatment, MTV and TLG values were valuable parameters
(Fig. 3).

At the end of the third week of treatment, all imaging parameters
were valuable (Fig. 4).

SUVax and Dy, percentage changes during CCRT were also sig-
nificant parameters (Fig. 5).

3.2. Combination analysis of PET- and IVIM-derived parameters with
treatment response

A stepwise method was used to construct the multivariate logistic
regression mode. P <0.05 was selected to enter variable and P >0.05

was fixed to remove variable. Treatment response was used as depen-
dent variable and all imaging parameters were independent variables.
Of all imaging parameters in the multivariate logistic regression ana-
lysis, the combination of preTx MTV, /ASUVay, and ADpean had the
strongest predictive potential. Other imaging parameters can be re-
placed by these 3 parameters because of their similarities and lower
predictive values.A combination ROC of preTx MTV with /AASUV,,., and
/A\Dpean €xpression was 0.912 (P < 0.01, 95% confidence interval
0.781-0.978) (Fig. 6). Multivariate logistic regression parameters are
summarized in Table 4.

3.3. The correlations between PET- and IVIM-derived parameters and
percentage changes during CCRT

/A\Dpin was correlated with /AASUV,,,, (Spearman correlation coef-
ficient, R = 0.338; P = 0.031; N = 41).

4. Discussion

In this study, we aimed to evaluate treatment responses of patients
with cervical cancer who had undergone CCRT using integrated multi-
parameters of PET-IVIM MR imaging. In recent years, several studies
have evaluated the long-term prognostic value of imaging indicators for
patients with cervical cancer who have undergone CCRT [8-12,15].
The long-term outcomes of treatment are influenced by the living en-
vironment, other systemic diseases, and accidents, as well as psycho-
logical and physiological factors of patients with cervical cancer. The
accuracy of individualized treatment regimens based on imaging in-
dicators that assess long-term outcomes will also be lower than those
based on short-term treatment responses. In addition, an important
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Table 3
PET and IVIM derived parameters in patients with CMR group and N-CMR group before and during CCRT.
All patients CMR N-CMR
Dinin preTx (x 10~ mm?/s) 0.63 = 0.1 0.64 = 0.09 0.62 = 0.13
midTx (x 10~ mm?%/s) 0.82 = 0.16 0.85 = 0.15 0.73 + 0.17
Percentage change (%) 30.13 + 20.44 34.43 + 15.45 19.72 + 27.28
Dmean preTx (x 10~ mm?/s) 0.94 = 0.13 0.94 = 0.12 0.95 = 0.17
midTx (x 10~ mm?%/s) 1.19 + 0.21 1.23 + 0.19 1.09 + 0.22
Percentage change (%) 27.72 + 23.57 32.1 + 21.4 17.14 += 26.12
Frnean preTx (%) 12.49 = 3.68 12.82 = 3.63 11.69 + 3.84
midTx (%) 17.25 = 4.7 18.36 = 4.4 14.57 = 4.48
Percentage change (%) 41.91 + 28.56 47.81 = 27.11 27.63 £ 27.94
SUVmax preTx 13.6 + 7.6 13.6 + 7.2 13.8 + 8.7
midTx 7.5 = 5.5 6.6 £ 4.2 9.3 £ 7.6
Percentage change (%) 43.1 = 26.8 50.0 = 20.7 26.4 = 33.1
MTV preTx (cm®) 39.56 + 25.08 32.89 + 21.65 55.68 + 26.34
midTx(cm®) 21.2 = 18.7 16.78 = 13.06 319 = 25.7
Percentage change (%) 42.1 = 31.52 44.82 = 27.63 35.55 + 40.05
TLG preTx 372.07 + 375.22 289.58 + 293.2 571.4 + 481.52
midTx 130.5 = 198.77 90.47 + 122.67 227.24 + 301.56
Percentage change (%) 63.02 + 30.51 69.48 + 18.04 47.39 + 46.68

Note: Data are means *+ standard deviations. preTx = before treatment,midTx = during treatment (at the end of the third week).

indicator for predicting disease progression for cervical cancer patients
treated with CCRT is treatment response after CCRT [20-22]. If the
treatment response could be predicted or assessed before or during
treatment, the treatment regimen which may include steps such as
strengthening the dose of radiotherapy, changing the chemotherapy
regimen, and evaluating the possibility of surgical treatment can be
adjusted and individualized,

A large number of studies suggested that preTx MTV and preTx TLG
could provide important information for evaluating prognosis for pa-
tients with cervical cancer [23-26] which was similar to our results.
MTV represents the metabolic region of tumor cells and TLG is a more
effective parameter that takes into account both tumor volume and
metabolic activity. Our study suggested that MTV and TLG values be-
fore CCRT were important factors to predict treatment response of
cervical cancer.

The time point we chosed for midTx PET-MR scanning was the end
of the third week of treatment, before the high-dose ICBT. Hatano be-
lieved that treatment response could be predicted at 30 Gy in radio-
therapy [27]. Lin believed that a 50% reduction in physiological tumor
volume in patients with cervical cancer occurred approximately 20 days
after treatment [28]. Still, no consensus was reached regarding the
optimal time point for scans to achieve the most accurate tumor re-
sponse assessment. Our results showed that all imaging parameters
were valuable for assessing treatment response at the end of the third
week of treatment. According to our current and previous results, the
midTx scanning time point we chose was reasonable and effective.

preTx MTV
A 100F -
80
£ o6op ]
g 00 AUC=0.764
3 40 - L- P<0.0}
[ - ! the optimal cutoff
200 7 threshold values: 31.2
¥ 7777777 Youden index T 0.489
F Sensitivity: 84.62
ol [ | Specit?city; ?4.29, .

0 20 40 60 80
100-Specificity

100

Lee and Heerim Nam believed tumor volume reduction on PET/
computed tomography (CT)and MR images could evaluate tumor re-
sponse during CCRT [29,30]. This was not consistent with our results.
However, the changes in tumor morphology lag behind the death of
tumor cells, and disease control with chemotherapeutic agents is, to
some extent, reflected in prolonged survival. Therefore, tumor volume
change after treatment lags behind physiological or even metabolic
change, especially the extreme value changes which functional imaging
parameters can provide. Our results showed that ASUV . and ADpin
had the potential to evaluate treatment response. SUV ., represents the
highest metabolic region of tumor cells. D, represents the lowest
diffusion region of tumor cells. Although these two imaging parameters
reflect different aspects of tumor biology, they may have similar
quantitative changes during CCRT for patients with cervical cancer.

We have investigated the correlations between PET and IVIM
parameters in our previous study [31]. In this current study, we further
explored the correlations between the two functional imaging para-
meters and their percentage changes during treatment. Our results
showed that ASUV,, and AD;, had a weakly strong degree of
correlation. Previous studies have indicated that /\SUV,,, not only is
an early sensitive imaging parameter for predicting tumor response, but
also a parameter for long-term prognosis, and guiding treatment[9,11].
However, PET is an invasive and expensive scan. To some extent,
/\Dpi, may replace the roles of ASUV ., in assessing treatment re-
sponse and prognosis duo to its noninvasive and cheaper scan.

In previous studies, researchers only investigated the individual

preTx TLG
B 100 - ;
80 -
2 60f e
2 - L
B _-AUC=0.728
5 40 P=0.02
.- the optimal cutoff
20l 5 threshold values: 425.66
[ "~ Youden index J: 0,473
3 Sensitivity : 61.54
ol - Speo:liﬁciQ' :I 85.71 |

0 20 40 60 80
100-Specificity

100

Fig. 3. preTx MTV (95% Confidence interval 0.605-0.882):MTV value before treatment;

preTx TLG (95% Confidence interval 0.605-0.882): TLG value before treatment.
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midTx SUVmax
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midTx MTV

ATC=0.739
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.7 | the optimal cutoff
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Youden index J: 0.442
' Sensitivity: 69.23
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100-Specificity
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midTx F
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L2/ P<0.01
.7 | the optimal cutoff
threshold values: 13.41
Youden indexJ: 0.467
Sensitivity : 53.85
.| Specficty: 9286 |

100
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Sensitivity

20

Fig. 4. midTx SUV ., (95% Confidence interval 0.519-0.819): SUV,,,, value during treatment.
midTx MTV(95% Confidence interval 0.578-0.863):MTV value during treatment.

midTx TLG(95% Confidence interval 0.567-0.855):TLG value during treatment.

midTx F(95% Confidence interval 0.587-0.870):F value during treatment.

midTx Dpyin(95% Confidence interval 0.593-0.874):Dy,, value during treatment.

midTX Dpean(95% Confidence interval 0.539-0.834):Dyyean value during treatment.
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Fig. 5. ASUV;,.x(95% Confidence
0.542-0.837):SUV,,ax of percentage
during CCRT.

/A\Dmin(95%  Confidence interval 0.542-
0.837):Dpyin of percentage changes during CCRT.
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Fig. 6. PreTx MTV, ASUV... and ADpean
combination prediction(95% Confidence in-
terval 0.781-0.978) was better than PreTx MTV
(Z = 1.964, P =0.0495), /AASUV .y (Z = 2.054,
P =0.04) or ADyean (Z = 2.502, P= 0.0124)
alone.

- Combination
—ese preTx MTV
— ASUVmax
A Dmean

Combination
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& 60f 2
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Y1 Lo — Sp‘ecllﬁquf : 82..}4 J
0 20 40 60 80 100 6 =

100-Specificity

predictive value of imaging parameters. They believed PET-MR had a
great potential for cervical cancer staging and assessment of treatment
response [33-36]. In this article, we explored PET- and IVIM-derived
parameters in combination to evaluate treatment responses in patients
with cervical cancer treated with CCRT. All imaging parameters were
measured by integrated PET-MR scanner, which enables real-time fu-
sion of both PET and IVIM functional imaging. Integrated PET-MR can
avoid movement of patients between PET and MR scans and reduce the
error caused by manual correction of images; it also reduces the po-
tential changes in the physiological function of tumor tissue due to the
time interval between PET and MR examinations [32]. Therefore, in-
tegrated PET-MR can evaluate treatment response and the correlations
among imaging parameters.

In our study, the combination of preTx MTV, ASUV.., and
/A\Dpean had the strongest predictive value. PreTx MTV and ASUV 4
were both accurate imaging indexes for evaluating treatment responses
separately. ADpean cannot evaluate treatment responses individually.
PreTx MTV, a pre-treatment imaging parameter, can quantify the
overall initial tumor burden. SUV,,, is the most common indicator of
glucose metabolism. The D value is mainly determined by the cell
density and extracellular matrix components in the tissue and is in-
versely related to the degree of tissue cell looseness and nucleoplasmic
ratio. The ADpean and ASUVp,, reflect sensitivity to treatment

Table 4

40 60 80

100
100-Specificity

through changes in water diffusion and glucose metabolism during
treatment. The three parameters may provide additional value and
complement each other when evaluating treatment response, and their
combination can provide more accurate evaluation. In clinical practice,
the combination of these three parameters can guide the doctor to
personalized patient treatment plan.

Our study has some limitations. First, the sample size was not large:
more cases are needed to confirm our results. Second, all of the patients
in our study had a type of squamous cell cancer. Multiple types of
carcinoma should be thoroughly studied in the future. Third, early-
stage cervical cancer with high SUV.« may have more invasive be-
havior [37], but our scan range did not relate to the liver, so we could
not accurately measure SUV,,cqi in this study. Finally, D* map was not
in the scope of our research, and the previous preliminary study con-
cluded that it had no predictive value [15].

5. Conclusions

Integrated PET/MR is a highly accurate multi-parameter imaging
modality and should be recommended widely for evaluating treatment
response in patients with cervical cancer treated with CCRT.The com-
bination of preTx MTV,/ADpean and ASUV,,., had the strongest pre-
dictive value in evaluating treatment response for patients with cervical

Multivariate logistic regression parameters.

A. Coeffcients and Standard Errors

Variable coeffcients Std Error Wald P
/A\Dmean —0.090815 0.043450 4.3684 0.0366
/ASUVax —0.096549 0.042481 5.1653 0.023
PreTx MTV 0.078899 0.031403 6.3127 0.012
Constant 2.0326

B. Odds Ratios and Confidence Intervals

Variable Odds Ratio 95% CI

/ADmean 09123 0.8396 to 0.9944
/A\SUVax 0.908 0.8354 to 0.9868
PreTx MTV 1.0821 1.0175 to 1.1508

C. Overall Model Fit

Null Model-2 Log Likelihood

51.221

Full Model-2 Log Likelihood
Chi-squared

DF

Significance Level

Cox & Snell R?

Nagelkerke R?

28.209
23.012

3

P <0.0001
0.4295
0.6022
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carcinoma treated with CCRT. In addition, AD,;, and ASUV ., have a
slight correlation. Clinicians can personalize treatment plans on the
basis of this result.
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