
Quantitative Diffusion and Perfusion MRI as Response
Predictor in Cervical Squamous Cell Carcinoma Treated
with CCRT
Rajat Nandi1 Ritu Misra1 Neha Bagri1 Saritha Shamsunder2 Charanjeet Ahluwalia3

1Department of Radiodiagnosis, Vardhman Mahavir Medical College
and Safdarjung Hospital, New Delhi, India

2Department of Obstetrics and Gynaecology, Vardhman Mahavir
Medical College and Safdarjung Hospital, New Delhi, India

3Department of Pathology, Vardhman Mahavir Medical College and
Safdarjung Hospital, New Delhi, India

Indian J Radiol Imaging 2026;36:59–68.

Address for correspondence Neha Bagri, MD, Department of
Radiodiagnosis, Vardhman Mahavir Medical College and Safdarjung
Hospital, New Delhi 110029, India (e-mail: drnehabagri@gmail.com).

Introduction

Cervical cancer is the fourthmost prevalent cancer and cause
of death due to cancer globally, with an estimatednewcase of
604,127 and 341,831 fatalities.1 In India, it is the secondmost

common cancer and cause of death, registering 123,907 new
cases annually and 77,348 fatalities.2

The revised FIGO staging 2018 (International Federation
of Gynecology and Obstetrics), an internationally recognized
staging system for cervical cancer, has allowed the use of any
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Abstract Purpose This article evaluates the treatment response to chemoradiotherapy in locally
advanced cervical squamous cell carcinoma using quantitative diffusion and perfusion
magnetic resonance imaging (MRI) parameters and studies their role as response predictors.
Materials and Methods Patients diagnosed with locally advanced squamous cell
carcinoma cervix (LASCC) and planned for concurrent chemoradiotherapy (CCRT) were
included. Diffusion-weighted imaging (DWI) and perfusion MRI were performed both
pre- and post-CCRT. Statistical analysis of quantitative DWI (apparent diffusion
coefficient [ADC]) and perfusion MRI parameters (Ktrans, Kep, Ve, Vp, SImax, SIrel, and
time-to-peak) was done to assess the tumor regression rate and compare them
between the residual and nonresidual groups.
Results All the MR perfusion parameters showed statistically significant results
(p<0.05) for the evaluation of the treatment response of LASCC to CCRT using the
obtained cutoff values, except for Vp. The highest diagnostic performance was of
pretreatment Kep with a sensitivity of 100%, specificity of 80%, positive predictive value
of 54.5%, negative predictive value of 100%, area under the curve of 0.833, and
diagnostic accuracy of 74.2%. However, ADC values did not show any significant result
for the evaluation of the treatment response of LASCC.
Conclusion Quantitative MR perfusion parameters have a significant role in evaluat-
ing treatment response to CCRT in LASCC.
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imaging modality and/or pathological findings.3 In early-
stage disease, before the parametrium is involved (less than
IIb), endovaginal or endorectal ultrasound (US)might suffice,
but it has a limited field of view (FOV). For a more definitive
evaluation of local and extrauterine cervical cancer spread,
the revised FIGO staging criteria now recognize cross-sec-
tional imaging modalities like computed tomography and
magnetic resonance imaging (MRI).4While assessing the size
and extension of the mass, it is important to assess its
perfusion. Quantitative contrast-enhanced US can monitor
perfusion changes but lacks consistency.5 Dynamic contrast-
enhanced MRI (DCE-MRI), on the other hand, delivers prom-
ising results when touching on tumor perfusion.

It is a fact thatMRI is the preferred imagingmodality due to
its superior soft tissue detailing capabilities, precise identifi-
cation of stromal, uterine, vaginal, parametrial, and adjoining
organ invasion, and nodal involvement.6 Diffusion-weighted
MRI (DWI) and DCE-MRI add to the diagnostic precision. The
changes in the tumor’s biological behavior at the molecular
level precede morphological changes detectable at conven-
tional MRI.7 Both DCE- and DWI-MRI can evaluate changes in
oxygenation, perfusion, and tissue physiologywith the help of
quantitative and semiquantitative parameters, which serve as
biomarkers of tumor characteristics.8

Quantitative MR perfusion is considered a promising tool,
capable of reflecting perfusion by enhancement pattern,
permeability, and intratumoral angiogenic activity. It is
used to assess physiologic information and anatomic details
of the tumor and is important to assess treatment response.
Few studies have shown a positive correlation between MR
perfusion parameters and tumor response in cervical cancer
patients.9 To date, there is a paucity of literature about the
predictive value of quantitative MR perfusion parameters in
assessing the treatment response for cervical cancer patients
treated with concurrent chemoradiotherapy (CCRT). The
apparent diffusion coefficient (ADC), a quantitative parame-
ter of DWI-MRI, exhibits decreased value in cervical cancer
due to hypercellularity.10 Few authors compared pretreat-
ment ADC values in patients with and without tumor recur-
rence, revealing that low pretreatment ADC values serve as a
strong predictor of tumor recurrence.11

FIGO has defined stage IB to IIAwith a tumor of more than
4 cm, and stage IIB and higher stage as locally advanced
cervical cancer (LASCC). LASCC has a poor prognosis, and the
5-year survival rate is only 40% after conventional treat-
ment.12,13 Ineffective CCRT can cause toxicity, so predicting
the response of a tumor to CCRTwould have immense value
in the management of LASCC.

This study was an endeavor to supplement the existing
literature regarding the potential role of DWI-MRI and DCE-
MRI in the assessment of the regression of LASCC treated with
CCRTand toexplore their role asdiagnostic andprognostic tools.

Materials and Methods

The current prospective cohort study was performed in a
tertiary care hospital for 18 months, and ethical approval
(IEC/VMMC/SJH/Thesis/06/2022/CC-273) was obtained. The

study comprised 31 patients with biopsy-proven LASCC
planned for CCRT. Informed consent was obtained from all
the patients. Diffusion and perfusion MRI, both pre- and
post-CCRT (1month after completion of CCRT), were done for
every patient. Quantitative parameters were derived, and
statistical analysis with a comparison between residual and
nonresidual tumor groups was performed. Patients who
received previous treatment/changed regimens or had se-
vere respiratory, cardiac disease, or renal disease were
excluded from the study.

Image Acquisition
The patient was imaged in the supine position using a 16-
channel pelvic-phased array coil on a 3-Tesla scanner (GE
Discovery MR 750W). The urinary bladder was partially
filled to improve the visibility of the cervix. The scanning
area included the whole pelvis and the acquisition param-
eters included sagittal T2W TR/TE: 9290/94.64, flip angle
160degrees, slice thickness 5mm, interslice gap 6mm, ma-
trix 288�288mm; axial T2W TR/TE: 10150/94.66, flip angle
160degrees, slice thickness 5mm, interslice gap 6mm, ma-
trix 312�312mm; coronal T2W TR/TE: 7339/89.64, flip
angle 160degrees, slice thickness 5mm, interslice gap
6mm, matrix 288�288mm; axial T1W TR/TE: 777/19.65,
flip angle 111degrees, slice thickness 5mm, interslice gap
6mm, matrix 312�312mm. The focused DWI was obtained
in para-axial planes, and wide FOV DWI of the pelvis in axial
planes. Diffusion was acquired by applying b values of 0 and
600 for focus DWI and 0 and 800 for wide FOV DWI.

MRI perfusionwas done using gadolinium-based intrave-
nous contrast (0.2mL/kg) at a rate of 2mL/s, followed by 20
mL Normal Saline (NS). The images were acquired from the
uterine fundus to the vulva. DCE images were obtained
sequentially every 8 seconds, beginning 12 seconds (first
phase) before the bolus injection. A total of 32 slices were
taken with no interslice gap. Rapid acquisition (every 8 sec-
onds was performed for 32 consecutive phases with a total
time of 256 seconds). Finally, delayed axial, sagittal, and
coronal T1 fat sat (T1FS) images were obtained 5minutes
after injection. A posttreatment MRI was done using the
same protocol after 1 month of completion of CCRT.

MRI Analysis
The images were analyzed by a single radiologist. The visible
tumor in the cervix was outlined on T2WI and dynamic
T1WI. The tumor size was measured in three dimensions.
ADC maps were calculated on a pixel-by-pixel basis using
built-in software. The central slicewith the largest part of the
tumor was selected, and regions of interest (ROIs) of at least
10mm2were placed in the solid components on a single ADC
image, with the aid of T2WI, excluding necrotic areas. The
adjacent normal myometriumwas used as a reference. Three
readings were taken, and themean ADC valuewas calculated
(�10�3) mm2/sec (►Fig. 1).

Pharmacokinetic Analysis
Ktrans maps with appropriate color coding were created from
the MR perfusion study. Time-intensity curves (TICs) were
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generated with the brightest foci on the Ktrans map (area of
maximum enhancement of the tumor). The outer one-third
of the tumor was the peripheral region, and the inner two-
thirds was the central region. ROI was copied to the Kep, Ve,

and Vp maps, and the mean value of each perfusion parame-
ter was generated (►Fig. 2).

Ktrans represents the volume transfer constant from blood
plasma to extravascular extracellular space (EES), Kep is the

Fig. 2 Cervical squamous cell cancer (nonresidual group). Pre-concurrent chemoradiotherapy (CCRT) images: (A–C) Axial T2WI heterogeneous
cervical mass International Federation of Gynecology and Obstetrics (FIGO) stage IIB. (B) Low apparent diffusion coefficient (ADC) value
(ADCmean: 752� 10�6 mm2/s). (C) Perfusion parameters of peripheral (region of interest [ROI] 1: Ktrans 3.11, Kep 3.61, Ve 0.83, and Vp 0.70) and
central (ROI 2: Ktrans 3.50, Kep 3.88, Ve 0.88, and Vp 0.62) tumor. Post-CCRT images: (D–F) Axial T2WI complete resolution of mass (blue arrow).
(E) increase in ADC value (ADCmean:1182� 10�6 mm2/s). (F) Perfusion parameters of the peripheral (ROI 1: Ktrans 0.19, Kep 0.22, Ve 0.87, and Vp

0.01) and central (ROI 2: Ktrans 0.33, Kep 0.38, Ve 0.86, and Vp 0.01).

Fig. 1 Moderately differentiated cervical squamous cell cancer (residual group). Pre-concurrent chemoradiotherapy (CCRT) images: (A) Axial
T2WI heterogeneous cervical mass International Federation of Gynecology and Obstetrics (FIGO) stage IVA (yellow arrow). (B) Low apparent
diffusion coefficient (ADC) value (ADCmean: 764� 10�6 mm2/s). (C) Perfusion parameters of the peripheral part of the tumor (region of
interest [ROI] 1: Ktrans 0.62, Kep 0.75, Ve 0.77, and Vp 0.12) and central part (ROI 2: Ktrans 0.80, Kep 0.79, Ve 1, and Vp 0.07). Post-CCRT images:
(D) Axial T2WI residual heterogeneous mass (yellow arrow). (E) Low ADC value (ADCmean: 929� 10�6 mm2/s). (F) Perfusion parameters of the
peripheral part (ROI 1: Ktrans 2.6, Kep 2.7, Ve 0.99, and Vp 0.05) and central part (ROI 2: Ktrans 2.6, Kep 2.6, Ve 1, and Vp 0.23).
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rate constant from EES to plasma, Ve is the volume of EES per
unit volume of tissue, and Vp is the fraction of plasma
volume. The semiquantitative parameters obtained were
SImax: maximum signal intensity over the time course of
the enhancement curve, SIrel: (SImax– SI0)/SI0�100, and TTP:
time-to-peak.

Statistical Analysis
Data was coded and recorded in an MS Excel spreadsheet
program using SPSS v23 (IBM Corp.) for analysis. Group
comparisons for continuously distributed data were made
using the independent sample t-test. If datawere found to be
nonnormally distributed, appropriate nonparametric tests in
the form of Wilcoxon test were used. Receiver operating
characteristic (ROC) analysis was performed to predict an
optimal cutoff for a continuous predictor predicting a binary
outcome. Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and diagnostic accu-
racy were calculated for assessing the diagnostic perfor-
mance of predictors by making a 2�2 cross-table with the
outcome. A p-value of<0.05 was considered statistically
significant.

Results

The present study comprised 31 patients (30–83 years;mean
age 55.26 years). Carcinoma cervixwasmost prevalent in the
60 to 69 years (29%) and a minimum number of participants
(6.5%) in the 70 to 79 years. Among these, 3.2% were stage IB,
38.7%were stage II, 38.7%were stage III, and 19.4%were stage
IVA. Among these 31, 25 patients (80.6%) showed nonres-
idual status after completion of CCRT, and 6 patients (19.4%)
showed residual disease.

In the present study, the pretreatment Ktrans (central) at a
cutoff of 0.926 could predict treatment response with 100%
sensitivity, 76% specificity, 50% PPV, 100% NPV, and 80.6%
accuracy (calculated from ROC having area under the curve
[AUC] of 0.823, p¼0.016) (►Fig. 3). Ktrans (peripheral) at a
cutoff value of 0.94 (calculated from ROC having AUC of
0.787, p¼0.032) had 83.3% sensitivity, 80% specificity, 50%
PPV, 95.2% NPV, and 80.6% accuracy (►Table 1).

The treatment response could be predicted frompretreat-
ment Kep (central) at a cutoff value of<1.1 (calculated from
ROC having AUC of 0.813, p¼0.020), with a sensitivity of
100%, specificity of 68%, PPV of 42.9%, NPV of 100%, and
accuracy of 74.2% (►Fig. 3). It can also be predicted from
pretreatment Kep (peripheral) at a cutoff of<1.2 (calculated
from ROC having AUC of 0.833, p¼0.012), with a sensitivity
of 100%, specificity of 80%, PPV of 54.5%, NPV of 100%, and
accuracy of 74.2% (►Table 2).

The pretreatment Ve (central) at a cutoff of 0.92 (calculat-
ed from ROC having AUC of 0.763, p¼0.046) could predict
treatment response with 83.3% sensitivity, 80% specificity,
50% PPV, 95.2% NPV, and 80.6% accuracy (►Table 2, ►Fig. 3).
Ve (peripheral) at a cutoff of� 0.986 had 100% sensitivity and
64% specificity (p-value 0.012). The cutoff and the diagnostic
parameters for Vp were not reliable and not statistically
significant (p¼0.150) (►Fig. 4).

Significant differences were found in pretreatment SI max

(peripheral) among the nonresidual and residual groups
(p¼0.015); however, the SImax (central) was not significant
(p¼0.724) (►Fig. 5). No significant difference was found in
pretreatment SIrel and TTP between the nonresidual and
residual groups (p-values 0.132 and 0.391, respectively)
(►Table 3).

The values of pretreatment ADC did not showa significant
difference between the residual and nonresidual groups (p-
value 0.080) (►Fig. 5). At a cutoff of ADC (pretreatment) �
879, it predicted the possibility of residual diseasewith 100%
sensitivity and a specificity of 56%.

With the above results concerning the MR diffusion and
perfusion parameters as response predictors in LASCC
treated with CCRT, the trends observed that the best param-
eters in terms of sensitivity were Ktrans, Kep, Ve, SIrel, and ADC.
For NPV: Ktrans, Kep, Ve, SIrel, and ADC. For diagnostic accura-
cy: Ktrans and Kep. For specificity and PPV: TTP (►Tables 2

and 4). The best overall quantitative parameter was pretreat-
ment Kep (peripheral), which at a cutoff of 1.2 had 100%
sensitivity, 80% specificity, 54.5% PPV, 100% NPV, 0.833 AUC,
and 74.2% accuracy, respectively, for the prediction of treat-
ment response.

Discussion

Carcinoma cervix leads to significant morbidity andmortali-
ty. Therefore, accurate staging and treatment planning are
crucial.4As of date, CCRT is the standard treatment for LASCC,
and the primary challenge these patients face is resistance to
treatment.14 It is necessary to establish imaging parameters
that can predict the response of carcinoma cervix to CCRT,
thus significantly influencing clinical practice.15

However, on T2WI, recurrent or residual tumors exhibit
high signal intensity and differentiating them from necrosis,

Fig. 3 Receiver operating characteristic (ROC) curves: Quantitative
magnetic resonance (MR) perfusion parameters.
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inflammation, and edema poses challenges to radiologists.16

To evaluate the treatment response effectively, the imple-
mentation of advanced biological and molecular techniques
is much needed, as these changes precede themorphological
changes. The vascularityof the tumor significantly influences
the efficacy of CCRT, as vascular density determines the
adequacy of delivery of chemotherapeutic agents and oxygen
concentration within the tumor.7

DCE-MRI is a noninvasive method that evaluates the
tissue perfusion and oxygenation within the tumor micro-

environment, thus, it can be used to predict the response to
therapy.17 The quantitative analysis of DCE-MRI assesses
changes in contrast concentration within tissue either as
perfusion mapping or exchange of the contrast between the
vascular and interstitial spaces as permeability mapping.18

DWI serves as a valuable tool for monitoring changes in
tumor cellularity, and the ADC map facilitates quantitative
evaluation of the tumor microenvironment.19 Following
CCRT, a rise in the ADC value is observed at the tumor site,
suggesting a favorable response, but it cannot accurately

Table 1 Comparison of quantitative MR perfusion parameters between nonresidual and residual groups (pre- and posttreatment)

Parameter
(central ROI)

Group p-Value
(comparison of two groups)Nonresidual

Mean (SD) (n¼ 25)
Residual
Mean (SD) (n¼ 6)

Pre-Tx Post-Tx Pre-Tx Post-Tx

Ktrans 1.47 (1.19) 0.18 (0.10) 0.71 (0.22) 0.82 (0.08) 0.016

< 0.001

p-value<0.001 p-value< 0.438 < 0.001

Kep 1.55 (1.14) 0.29 (0.09) 0.85 (0.16) 0.82 (0.09) 0.020

< 0.001

p-value<0.001 p-value< 0.438 < 0.001

Ve 0.91 (0.13) 0.63 (0.32) 0.77 (0.19) 0.87 (0.25) 0.046

0.068

p-value<0.001 p-value< 0.438 0.001

Vp 0.11 (0.20) 0.03 (0.03) 0.06 (0.05) 0.05 (0.04) 0.545

0.232

p-value<0.001 p-value< 0.563 0.086

Abbreviations: MR, magnetic resonance; ROI, region of interest; SD, standard deviation.

Table 2 Primary diagnostic parameters for prediction of treatment response of LASCC to CCRT

MR perfusion parameters Sensitivity Specificity PPV NPV Diagnostic accuracy

Ktrans (central) (pre-Tx)
(Cutoff: 0.926 by ROC)

100.0% (54–100) 76.0%
(55–91)

50.0% (21–79) 100.0% (82–100) 80.6%
(63–93)

Kep (central) (pre-Tx)
(Cutoff: 1.1 by ROC)

100.0% (54–100) 68.0%
(46–85)

42.9% (18–71) 100.0% (80–100) 74.2%
(55–88)

Vp (central) (pre-Tx)
(Cutoff: 0.06 by ROC)

66.7%
(22–96)

80.0%
(59–93)

44.4% (14–79) 90.9%
(71–99)

77.4%
(59–90)

Ve (central) (pre-Tx)
(Cutoff: 0.92 by ROC)

83.3%
(36–100)

80.0%
(59–93)

50.0% (19–81) 95.2%
(76–100)

80.6%
(63–93)

SImax (peri) (pre-Tx)
(Cutoff: 1762 by ROC)

83.3% (36–100) 92.0%
(74–99)

71.4% (29–96) 95.8%
(79–100)

90.3%
(74–98)

SIrel (central) (pre-Tx)
(Cutoff: 1.8 by ROC)

83.3% (36–100) 68.0%
(46–85)

38.5% (14–68) 94.4%
(73–100)

71.0%
(52–86)

TTP (central) (pre-Tx)
(Cutoff: 44 by ROC)

50.0% (12–88) 96.0%
(80–100)

75.0% (19–99) 88.9%
(71–98)

87.1%
(70–96)

ADC (pretreatment)
(Cutoff: 879 by ROC)

100.0% (54–100) 56.0%
(35–76)

35.3% (14–62) 100.0% (77–100) 64.5%
(45–81)

Abbreviations: ADC, apparent diffusion coefficient; CCRT, concurrent chemoradiotherapy; LASCC, locally advanced squamous cell carcinoma cervix;
MR, magnetic resonance; NPV, negative predictive value; PPV, positive predictive value; ROC, receiver operating characteristic; TTP, time-to-peak.
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distinguish residual tumors from fibrosis. The increase in
ADC value is attributed to tumor lysis, increased extracellular
space, and increased diffusion of water molecules. These
molecular changes precede themacroscopic change in tumor
size; thus, DWI-MRI offers a valuable opportunity for im-
proving clinical outcomes.20

Of the 31 patients, 80.6% had nonresidual status and 19.4%
had residual disease after completion of CCRT. In a similar
study on 57 patients by Lu et al, 54.3% had complete recovery
and 45.7% had residual disease. Also, DCE-MRI parameters
(Ktrans, Kep, Ve) exhibiteda significantdifferencebetween these
two groups.21 The discordance in the size of the two groups

Fig. 5 Change in semiquantitative magnetic resonance (MR) perfusion and diffusion parameters over time.

Fig. 4 Change in quantitative magnetic resonance (MR) perfusion parameters over time.
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might be due to ours being a tertiary health care facility, a very
effective CCRT regimen, and stringent follow-up.

In the present study, there was a significant difference in
pretreatment Ktrans in both the central and peripheral
regions between the two groups (p-value 0.016 and 0.032,
respectively), exhibiting a potential predictive value in treat-
ment response. The posttreatment Ktrans also had significant
changes among the two groups (p-value<0.001). In concor-
dance, in a study done by Liu et al, mean pretreatment Ktrans,

3 days after starting the treatment, and change in Ktrans were
higher in the nonresidual group than the residual group
(p-value<0.001, 0.025, and<0.001, respectively) and these
values served as important prognosticators.22

As per the statistics of our study, at a cutoff of 0.926,
pretreatment Ktrans can predict the response with 100%
sensitivity and 76% specificity. In a similar study by Feng
et al, at a cutoff of 0.702, pretreatment Ktrans had a sensitivity
of 77.3% and specificity of 81.2%.23

Table 4 Other diagnostic parameters for prediction of treatment response of LASCC to CCRT

MR perfusion parameters LRþ LR- Yuden index Odds ratio Kappa p-Value

Ktrans (central) (pre-Tx)
(Cutoff: 0.926 by ROC)

4.17
(2.07–8.37)

0.00
(0.00-NaN)

76.0 Inf
(NaN-Inf)

0.55 < 0.001

Kep (central) (pre-Tx)
(Cutoff: 1.1 by ROC)

3.13
(1.76–5.53)

0.00 (0.00-NaN) 68.0 Inf
(NaN-Inf)

0.45 0.003

Vp (central) (pre-Tx)
(Cutoff: 0.06 by ROC)

3.33
(1.27–8.77)

0.42 (0.13–1.31) 46.7 8.00
(1.13–56.7)

0.39 0.024

Ve (central) (pre-Tx)
(Cutoff: 0.92 by ROC)

4.17
(1.76–9.86)

0.21 (0.03–1.26) 63.3 20.00
(1.9–211.8)

0.51 0.003

SImax (peri) (pre-Tx)
(Cutoff: 1762 by ROC)

2.50
(0.82–7.66)

0.62
(0.27–1.42)

30.0 4.00
(0.61–26.1)

0.27 0.132

SIrel (central) (pre-Tx)
(Cutoff: 1.8 by ROC)

2.60
(1.33–5.11)

0.25
(0.04–1.50)

51.3 10.62
(1.1–106.6)

0.36 0.022

TTP (central) (pre-Tx)
(Cutoff: 44 by ROC)

12.50
(1.6–100.1)

0.52
(0.23–1.16)

46.0 24.00
(1.9–311.0)

0.53 0.003

ADC (pre-Tx)
(Cutoff: 879 by ROC)

2.27
(1.46–3.54)

0.00
(0.00-NaN)

56.0 Inf
(NaN-Inf)

0.33 0.013

Abbreviations: ADC, apparent diffusion coefficient; CCRT, concurrent chemoradiotherapy; LASCC, locally advanced squamous cell carcinoma cervix;
LR, likelihood ratio; MR, magnetic resonance; ROC, receiver operating characteristic; TTP, time-to-peak.

Table 3 Comparison of semiquantitative MR perfusion parameters between nonresidual and residual groups (pre- and
posttreatment)

Parameter Group p-Value
(comparison of two groups)Nonresidual

Mean (SD) (n¼25)
Residual
Mean (SD) (n¼6)

Pre-Tx Post-Tx Pre-Tx Post-Tx

SImax

(peripheral)
1373.2 (376.7) 571.2 (149.8) 1747.8 (250.4) 1827.3 (114.46) 0.015

< 0.001

p-value< 0.001 p-value<0.418 < 0.001

SIrel 1.72 (0.72) 0.27 (0.16) 2.13 (0.99) 1.97 (0.65) 0.132

< 0.001

p-value< 0.001 p-value 1.000 0.005

TTP 118.7 (158.5) 77.48 (30.60) 58.95 (18.11) 63.43 (14.03) 0.158

0.286

p-value< 0.957 p-value<0.219 0.081

ADC 870.4 (114.2) 1229.3 (166.8) 806.83 (63.62) 949.33 (43.28) 0.080

< 0.001

p-value< 0.001 p-value<0.031 < 0.001

Abbreviations: ADC, apparent diffusion coefficient; MR, magnetic resonance; SD, standard deviation; TTP, time-to-peak.
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As per the literature, similar results have also been found
in other cancers. In a study done by Tao et al, Ktrans was found
to be a potential predictor of treatment response in lung
cancer with 76.2% sensitivity, 80% specificity, and 77.8%
diagnostic accuracy.24 In another study done by Kim et al,
the average value of Ktrans was significantly higher (p-value
0.001) in the complete response group of the head and neck
malignancies.25

In the present study, there was a significant difference in
pretreatment Kep in both the central and peripheral regions
between the two groups (p-value 0.020 and 0.012, respec-
tively), thus showing its potential predictive value in treat-
ment response. Significant changes were also found in
posttreatment Kep in both groups (p-value<0.001). Lu
et al also found a significant difference between mid- and
pretreatment Kep and between post- and mid-treatment Kep

in cervical cancer treated with CCRT (p-value<0.001).21

We determined a cutoff value of pretreatment Kep as 1.1
with 100% sensitivity, 68% specificity, 42.9% PPV, 100% NPV,
and 74.2% accuracy. Liu et al also exhibited a positive
correlation of pretreatment Kep with the tumor regression
rate in LASCC who underwent CCRT (p-value<0.001).22 Tao
et al also found Kep to be a potential predictor of treatment
response of CCRT in lung cancer with 66.7% sensitivity, 73.3%
specificity, and 69.4% diagnostic accuracy.24 Another study
by Zahra et al found that higher Kep shows more tumor
regression in cervical cancer (p-value 0.022).26

Higher Ktrans and Kep values indicate higher capillary
leakage. CCRT depends on the local tissue perfusion and
angiogenesis, thus tumors with higher local perfusion and
higher values of pretreatment Ktrans and Kep exhibit a good
response.27

Themean value of pretreatment Ve in the present study in
the nonresidual and residual groups were 0.91 and 0.77,
respectively (p-value 0.046), showing that it can be a predic-
tive tool. However, no significant difference was found in
posttreatment Ve (p-value 0.068). In the current study, at a
cutoff of 0.92, pretreatment Ve had 83.3% sensitivity, 80%
specificity, 50% PPV, 95.2% NPV, and 80.6% accuracy in
predicting treatment response. In a study by Lu et al, a
significant difference in mid-treatment Ve (p-value 0.039)
was found between the complete and partial response
groups.21 Another study by Liu et al revealed that a change
in Ve positively correlated with the tumor regression rate (p-
value<0.001).22 Ve represents the EES; thus, a low value
means high cellularity, and a high value means low cellular-
ity in the tumoral tissue. Therefore, a tumor with low Ve

shows a less favorable response to CCRTwith more chance of
residual disease and vice versa.

Presently, a significant difference was found in posttreat-
ment Vp (peripheral) between the two groups (p-value 0.042).
However, no significant difference was found in pretreatment
Vp and posttreatment Vp (central) (p-value 0.545, 0.15, and
0.232, respectively). No previous study is available about the
predictive role of Vp in the treatment response of cervical
cancer. In most of the tumors, the value of Vp is small and not
significant. It is mostly important in highly vascular tumors.
The Vp at the central part of the tumor could be affected by

intratumoral necrosis and heterogeneity in a large mass, thus
affecting the tumor vascularity.

Significant differences were also found in pretreatment
SImax (peripheral) (p-value 0.015), and at a cutoff of 1762, it
had a sensitivity of 83.3%, specificity of 92%, PPVof 71.4%, NPV
of 95.8%, and accuracy of 90.3%. Tumors with more angiogen-
esis will show an early high peak in TIC and higher SImax with
good response to CCRT; however, the current findings were
contradictory. After treatment, a responsive patient will have
low SImax due to fibrous tissue and high value in patients with
residual tumors. Tumors withmore angiogenesiswill showan
early high peak and lower TTP. After CCRT, morefibrous tissue
shows high TTP in the nonresidual group, in contrast to
vascular tissue and low TTP in the residual tumor. However,
the present results were not consistent. Gong et al found that
the degree of enhancement in pre-RT scans has no relation
with the tumor regression rate in cervical cancer; however,
change in enhancement during the first 2 weeks has a signifi-
cant correlation.28

In the present study, the increase in the ADC value in the
nonresidual group was significantly higher than in the
residual group. At a cutoff of 998�10�6, posttreatment
ADC value can predict residual tumor with a sensitivity of
100%, specificity of 100%, PPV of 100%, NPV of 100%, and
accuracy of 100% (p-value<0.001). A similar result was
found by Jajodia et al, who found that the ADC value provides
a time window to modify the initial treatment regimen.29

Therewas a significant difference between the two groups in
terms of change in ADCwith a p-value of 0.010. Using a cutoff
of 226, a change in ADC can predict a response with 100%
sensitivity, 68% specificity, 42% PPV, and 100% NPV. A similar
study by de Boer et al revealed that change in ADC can predict
response in cervical cancer patients.30

At a cutoff of 879, pretreatment ADC can predict response
with 100% sensitivity, 56% specificity, 33% PPV, 100% NPV,
and 64.5% accuracy (p-value 0.08). Meyer et al and Jajodia
et al also concluded that pretreatment ADC values alone
could not predict treatment response.29,31Hypoxia, acidosis,
and reduced vascularity prevail within the necrotic tumor,
contributing to diminished response. In necrotic tumors
with breakdown of the cellular membrane, ADC is high;
however, in coagulative necrosis without membrane break-
down, ADCwill be low. Therefore, pretreatment ADC is not an
accurate parameter.31

The current standard treatment protocol for LASCC is
CCRT for all the histological subtypes of the disease. Several
studies have indicated that the adenocarcinoma cervix his-
tologic subtype exhibits poorer response to CCRT and poorer
overall survival comparedwith the squamous cell carcinoma
histologic subtype.13 To eliminate the potential impact of
histological subtypes, we included only patients diagnosed
with squamous cell carcinoma.

However, there were a few limitations as well. The study
was single-centered, with a limited sample size. Due to the
short follow-up time, the overall and progression-free sur-
vival could not be evaluated. The semiquantitative param-
eters were analyzed from the TIC, which are subjected to
interobserver variations and are poorly reproducible as the
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relationship between contrast concentration and signal in-
tensity is nonlinear. Achieving comparability across different
centers necessitates the implementation of standardized
software and parameters.

Conclusion

All MR perfusion quantitative parameters showed excellent
predictive value in the treatment response of LASCC to CCRT,
except Vp. The present study was a novel comparison
between quantitative and semiquantitative MR perfusion
parameters and DWI-MRI parameters and established
specific cutoff values in evaluating the treatment response
of LASCC to CCRT. Overall, the quantitative MR perfusion
parameters performed significantly better than the semi-
quantitative parameters.
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