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Abstract

Objective To investigate the value of apparent diffusion coefficient (ADC) histogram analysis in predicting pelvic lymph
node (LN) metastasis in patients with cervical cancer undergoing surgery.

Materials and methods A total of 162 cervical cancer patients who underwent radical abdominal hysterectomy with pelvic
LN dissection performed with pelvic 3 T-MRI including diffusion-weighted imaging were enrolled in this study. The ADC
histogram variables (minimum, mean, median, 97.5th percentile [ADCy;, 5], and maximum) of the tumors were developed
using in-house software. For predicting pelvic LN metastasis, clinical and imaging variables were evaluated using logistic
regression and receiver-operating characteristic (ROC) analyses.

Results Pelvic LN metastasis was identified histopathologically in 50 patients (30.9%). In patients with LN metastasis, all
ADC histogram variables were significantly different from those without LN metastasis (all p <0.01). Univariate analysis
demonstrated that long- and short-axis diameter of LN, MRI T-stage, squamous cell carcinoma antigen, tumor size, and the
ADC,, 5 were significantly associated with pelvic LN metastasis (all p <0.05). However, multivariate analysis demonstrated
that the ADCy; 5 was the only independent predictor of pelvic LN metastasis (odds ratio, 0.996; p=0.001). The area under
the ROC curve of ADCy; 5 was 0.782, which was the greatest among all variables. Interobserver agreement of all ADC
histogram variables was fair to good.

Discussion The ADCy, s from histogram analysis may be a useful marker for the prediction of pelvic LN metastasis in
patients with cervical cancer.
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recent revised clinical staging of the International Federation
of Gynecology and Obstetrics (FIGO) [2—4]. Therefore, the
detection of preoperative LN metastasis is a crucial issue for
patient counseling for determining optimal management and
predicting patient prognosis.

Typically, LN metastasis identified by magnetic reso-
nance imaging (MRI) can be evaluated by size or morpho-
logic criteria. The specificity of LN metastasis in cervical
cancer is excellent in early-stage cervical cancer, but sensi-
tivity is limited due to the inability to detect normal-sized
or normal-shaped LN [5]. Recently, although diffusion-
weighted imaging (DWI) has demonstrated a potential for
detecting metastatic pelvic LN in gynecological cancer [6,
7], its accuracy in detecting small normal-sized LN metas-
tases is still limited as conventional MRI.

In cervical cancer, DWI is a useful technique for differ-
entiation of pathological subtypes or tumor grade differen-
tiation [6, 8, 9]. In particular, DWI as imaging biomarker
has demonstrated the potential for preoperative prediction
of therapeutic response, prediction of early therapeutic
response, or evaluation of post-treatment survivals [10—13].
To date, however, few studies have reported results of pre-
treatment DWI in predicting LN metastasis in cervical
cancer [14]. Before initiating patient treatments, it would
be very important in clinical practice to evaluate whether
a tumor has already the likelihood of LN metastasis; LN
metastasis is an important prognostic factor. The purpose
of this study was to retrospectively investigate the value of
apparent diffusion coefficient (ADC) histogram analysis
derived from DWI for the prediction of pelvic LN metastasis
in patients with cervical cancer.

Methods
Patients

This study protocol was in accordance with the ethical
standards of the institutional research committee and with
the 1964 Helsinki Declaration. All patients offered writ-
ten informed consent for MRI examinations. Retrospective
analysis was approved by our institutional review board
(SMC 2018-11-107). Between April 2011 and September
2013, 175 consecutive patients with biopsy-proven cervi-
cal cancer received radical abdominal hysterectomy and
pelvic LN dissection with or without paraaortic LN dis-
section at our institution. Inclusion criteria for patients
were: (1) had a routine pelvic 3 T-MRI including DWI
(b=0 and 1000 mm?/s) at our institution before sur-
gery, (2) had not previously undergone radiotherapy or
chemotherapy, and (3) were without presence of two or
more primary malignancies. Of these, 13 patients were
excluded: preoperative concurrent chemoradiotherapy
(n=9), double primary malignancies (colon cancer and
endometrial cancer, respectively) (n=2), and poor image
quality (n=2). Thus, 162 patients (mean age 47.7 years;
range 26—81 years) were enrolled in this study (Fig. 1).
All clinical data including age, serum squamous cell car-
cinoma (SCC) antigen, and pathologic outcomes were ret-
rospectively obtained from medical records. The clinical
stages of cervical cancers were determined using the FIGO
classification [15].

Fig. 1 Flowchart for patient
enrollment

Cervical cancer patients who underwent radical
hysterectomy with pelvic LN dissection and

preoperative 3-T pelvic MRI

(n =175)
13 Excluded
9 preoperative concurrent chemoradiotherapy
2 double primary malignancies
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MRI protocols

All patients underwent preoperative pelvic MRI using a 3-T
MR scanner (Intera Achieva 3.0 TX; Philips Healthcare,
Best, The Netherlands) with a phased-array body coil. The
MRI protocol included T1-weighted imaging, T2-weighted
imaging, DWI and postcontrast fat-saturated T1-weighted
High-Resolution Isotropic Volume Examination (THRIVE).
T2-weighted turbo spin-echo images (repetition time/echo
time, 4568-5320/100 ms; slice thickness, 4 mm; interslice
gap, 0.4 mm; matrix, 800 X 690; number of signals acquired
(NSA), 3; sensitivity encoding (SENSE) factor, 3; field
of view (FOV), 36 cm; and acquisition time, 3 min 30 s)
were acquired in three orthogonal planes (axial, sagittal
and coronal). Axial T1-weighted turbo spin-echo images
were obtained using the following parameters: slice thick-
ness, 5 mm; interslice gap, 2 mm; FOV, 25 cm; number
of slices, 26; and acquisition time, 2 min 23 s. Axial DWI
was obtained using a short T1 inversion recovery single-shot
echo-planar imaging technique with background suppres-
sion. Imaging parameters were as the followings: repetition
time/echo time, 8000/56 ms; matrix, 128 X 108; slice thick-
ness, 5 mm; interslice gap, 0 mm; NSA, 4; SENSE factor,
2: b values, 0 and 1000 s/mm?; FOV, 35 ¢cm; and acquisition
time, 4 min 30 s. ADC maps were automatically constructed
using the manufacturer’s software and ADC value was cal-
culated with Gaussian monoexponential fit of signal inten-
sity using »=0 and 1000 s/mm?. Postcontrast fat-saturated
THRIVE imaging was acquired in the axial plane (repeti-
tion time/echo time =3.5/1.7 ms, slice thickness =3—4 mm,
interslice gap = 1.5-2 mm, and FOV =32 cm) at 3 min after
a bolus injection of gadolinium contrast (Gadovist, Scher-
ing, Germany) at a rate of 3 mL/s with a dose of 0.1 mmol,
followed by a flush of 15 mL normal saline.

volume = 5860.6 mm?*
mean = 833.76

SD = 108.09

median = 839.61

97.5% = 974.52

min/max = 108.74 / 1060.15

Image analysis

MR images were analyzed by consensus between two
radiologists (CKK and SYP, with 13 years and 4 years of
experience in gynecological MRI, respectively) on our pic-
ture archiving and communication system (Centricity, GE
Heathcare) without any information about the clinical and
pathological findings. However, the radiologists were aware
that enrolled subjects had a history of biopsy-proven cervi-
cal cancer.

Imaging variables of tumor size, long-axis and short-
axis diameter of pelvic LN, MRI T-stage, and ADC his-
togram variables were obtained. Tumor size was defined
as the maximum diameter measured on three orthogonal
planes of T2-weighted images. After a LN with the great-
est diameter in the right and left pelvis (including common
iliac, external iliac, internal iliac, and inguinal areas) was
separately selected in each patient, long-axis and short-axis
diameter of the selected LNs were measured on DWI based
on T2-weighted or postcontrast THRIVE images.

DWI data were analyzed using an in-house Matlab-based
application (The Mathworks Inc, Natick, MA, USA) on a
standard Windows operating system. Values of ADC vari-
ables were derived from histogram analysis. Regions of
interest (ROIs) were manually drawn around the entire vis-
ible tumor on a single-axial ADC map that showed the great-
est dimension based on anatomical details of T2-weighted
and postcontrast THRIVE images, but it did not include
edge voxels to avoid a partial volume effect. The ROIs were
selected to exclude cystic or necrotic portion in the tumor
(Fig. 2). After the ROIs were determined, the histogram
analysis was performed. The ADC variables derived from
histogram analysis included mean ADC (ADC_ ), maxi-
mum ADC (ADC,,..), minimum ADC (ADC, . ), median
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Fig.2 Method for ADC histogram measurement. a Axial ADC map image shows a large cervical tumor of low signal intensity (region-of-inter-

est). b ADC histogram of the tumor
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ADC (ADC,,,.4i.n) and the 97.5th percentile ADC (ADCyy; 5).
Additionally, to evaluate interobserver reliability and vari-
ability for ADC parameters, a less-experienced radiologist
(JL, with 1 year of experience in gynecological MRI) manu-
ally drew the ROIs in the tumors for all patients in the same
manner as the first measurement.

Statistical analysis

The patients were divided into two groups based on the pres-
ence or absence of pelvic LN metastasis on histopathologic
findings. Groups were compared to identify differences in
age, FIGO stage, SCC antigen level, histologic type, tumor
size, long- and short axis-diameter of pelvic LN, MRI
T-stage, and ADC variables using independent 7 test, Fish-
er’s exact test, Mann—Whitney test, or Chi square tests.

Univariate and multivariate logistic regression analyses
were used to determine whether clinical and imaging vari-
ables were associated with pelvic LN metastasis; among
ADC variables, we used the ADCy; 5 which showed the
lowest p value in descriptive statistics. The variables with
p value <0.05 on univariate analysis were further analyzed
using multivariate analysis. To evaluate diagnostic perfor-
mance and identify optimal cutoff values for the prediction
of pelvic LN metastasis, receiver-operating characteris-
tic (ROC) curve analysis was used, and the area under the
curve (AUC), sensitivity, and specificity were also calcu-
lated. Youden index was calculated to identify the optimal
cutoff value of each variable for the prediction of pelvic LN
metastasis.

Interobserver reliability and variability were evalu-
ated using an intraclass correlation coefficient (ICC) and
an Altman—Bland plot, respectively. Reliability suggested
by the ICC value was against a scale for poor reliability
(0.00-0.20), fair reliability (0.21-0.40), moderate reliability
(0.41-0.60), good reliability (0.61-0.80), or excellent reli-
ability (0.81-1.00). A two-sided p value < 0.05 was consid-
ered statistically significant for all statistical tests. Statisti-
cal analyses used SAS software (Version 9.4, SAS institute,
Cary, NC).

Results
Basic characteristics

At histopathological findings, pelvic LN metastasis was
found in 50 patients (30.9%) and the remaining 112 patients
(69.1%) were negative pelvic LN metastasis. Paraaortic LN
metastasis was found in seven patients. Characteristics of
clinical and imaging variables between patients with and
without pelvic LN metastasis are summarized in Table 1.
SCC antigen, long-axis and short-axis diameter of pelvic
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LN, and tumor size were significantly higher in the group
with LN metastasis than in the group without LN metastasis
(all p<0.01). The group with LN metastasis had signifi-
cantly higher MRI T-stage than the group without LN metas-
tasis (p <0.001). All ADC variables showed significantly
lower values in the group with LN metastasis than in the
group without LN metastasis (all p <0.01) (Figs. 3, 4, 5).
No significant differences were found between the groups for
age, FIGO stage and histologic type (all p > 0.05).

Associations between variables and LN metastasis

Table 2 presents the results of logistic regression analyses
for predicting pelvic LN metastasis. Univariate analysis
demonstrated that long (p =0.003) and short axis (p <0.001)
diameter of pelvic LN, MRI T-stage (p =0.004), SCC
antigen (p=0.044), tumor size (p =0.001) and ADCy, 5
(p <0.001) were significantly associated with pelvic LN
metastasis. However, multivariate analysis revealed that
ADCy; 5 was the only significant independent predictor
(odds ratio=0.996, p=0.001).

Table 3 presents results of ROC curve analysis for pre-
dicting pelvic LN metastasis. The AUC of the ADC,, 5 was
0.782, which was the greatest among other imaging and clin-
ical variables. With an optimal cutoff value of 1.092 x 107>
mm?/s, sensitivity and specificity were 60% and 83%,
respectively.

Interobserver reliability and variability

For the interobserver reliability of ADC,;,, ADC,, ...,
ADC,cgian» ADCy; s and ADC,,., ICCs were 0.589 (95% CI
0.458-0.691), 0.712 (95% CI 0.626-0.780), 0.755 (95% CI
0.680-0.814), 0.430 (95% CI 0.228-0.583) and 0.305 (95%
CI 0.008-0.516), respectively. For the interobserver vari-
ability in the Altman-Bland plots, the mean differences were

11.5%, 2.6%, 1.3%, 12.6% and 15.2% of ADC, ., ADC, ...
ADC, . gisn» ADCqs s and ADC,_,,, respectively.
Discussion

The presence of LN metastasis in cervical cancer patient is
an independent and important prognostic factor [16, 17]. LN
dissection remains the standard reference, but issues regard-
ing the benefit of staging all cervical cancer and extent of
assessment with potential postoperative complications still
exist [18]. Recently, several promising techniques such as
DWI or PET/CT have been used to detect LN metastasis in
patients with cervical cancer, but diagnostic accuracy for
detecting small normal-sized LN metastasis is still limited in
clinical practice [6, 7]. Accordingly, a preoperative predic-
tion model for assessing LN metastasis in cervical cancer
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Table 1 Characteristics
between cervical cancer patients

All patients (n=162)

LN metastasis

LN metastasis (—) p value

with and without pelvic LN ) (=50 (=112
metastasis Age (years) 495+11.6 48.6+10.6 499+12.0 0.510
FIGO 0.101
1A 3(1.9) 0(0.0) 3(2.7)
1B 114 (70.4) 31 (62.0) 83 (74.1)
1A 28 (17.3) 10 (20.0) 18 (16.1)
1IB 17 (10.5) 9 (18.0) 8(7.1)
SCC antigen (ng/ml) 6.7+12.8 10.0+16.4 52+10.6 0.009
Histology 0.407
SCC 116 (71.6) 38 (76.0) 78 (69.6)
Adenocarcinoma/other 46 (28.4) 12 (24.0) 34 (30.4)
Tumor size (cm) 35+1.6 42+1.4 33+1.6 <0.001
Long-axis LN (mm) 142+3.9 15.7+5.0 13.6+3.1 0.005
Short-axis LN (mm) 9.1+3.2 10.8+4.5 84+2.1 <0.001
MRI T-stage, n (%) <0.001
T1A 2(1.2) 0(0.0) 2 (1.8)
T1B 67 (41.4) 10 (20.0) 57 (50.9)
T2A 30 (18.5) 11 (22.0) 19 (17.0)
T2B 61 (37.7) 29 (58.0) 32 (28.6)
T3 1(0.6) 0(0.0) 1(0.9)
T4A 1 (0.6) 0(0.0) 1(0.9)
ADC histogram (x10~*mm?/s)
ADCy; 5 1.271+£0.324 1.087+0.171 1.354+0.343 <0.001
ADC,can 0.969 +0.220 0.876+0.120 1.010+0.242 <0.001
ADC, cgian 0.950+0.224 0.872+0.121 0.985+0.250 0.004
ADC, .« 1.340+0.338 1.174+0.244 1.414+0.349 <0.001
ADC 0.733 £0.201 0.676 +£0.156 0.759+0.215 0.016

min

Data are presented as mean + standard deviation or n (%)

ADC apparent diffusion coefficient, ADCn nth percentile value of cumulative ADC histogram, FIGO Inter-
national Federation of Gynecology and Obstetrics, LN lymph node, SCC squamous cell carcinoma

patients prior to surgery may allow for selection of optimal
treatment strategies and improve patient counselling for
prognosis.

DWI provides useful information for tumor aggressive-
ness, subtype characterization and treatment responses
because of diffusion restriction in malignant tumors caused
by increased cellular density [19]. Currently, this technique
is widely used as a potential marker of tumor viability in
oncologic imaging.

In this study, a predictive model using the ADC histogram
was developed for assessing LN metastasis in patients with
cervical cancer who underwent radical hysterectomy and
pelvic LN dissection. Our results demonstrate that all ADC
histogram variables in patients with pelvic LN metastasis
had significantly lower ADC values than those without pel-
vic LN metastasis. On multivariate analysis, ADCy, 5 was
the only independent predictor of pelvic LN metastasis. Fur-
thermore, ADCy, 5 demonstrated the greatest AUC among
the clinical and imaging variables at ROC curve analysis.

These findings suggest that ADC histogram analysis might
be a useful tool for predicting pelvic LN metastasis in cervi-
cal cancer patients who are scheduled for surgery. DWI can
offer several advantages, such as noninvasive image acqui-
sition, no requirement for contrast agents, and no exposure
to ionizing radiation, and thus, is easily added to routine
protocol for patient evaluation.

Several clinical risk factors for pelvic LN metastasis in
patients with cervical cancer exist, such as tumor size, stage,
age, depth of invasion, parametrial invasion, lymphovascu-
lar invasion, and SCC antigen [18, 20]. Our study included
several clinical and imaging variables that could be obtained
preoperatively. Tumor size, long-axis and short-axis diam-
eter of pelvic LN, MRI T-stage and SCC antigen were sig-
nificantly different between patients with and without pelvic
LN metastasis. Moreover, all ADC variables demonstrated
significantly lower ADC values in the group with LN metas-
tasis than in the group without LN metastasis. This finding
was consistent with a previous study [14]. An explanation

@ Springer
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Fig.3 Box-whisker plots demonstrate the values of ADCgy, 5 (a),
ADC, can (b), ADC, gian (©), ADC,,,, (d), and ADC_;, (e) with and
without pelvic LN metastasis. Central horizontal line=mean, and
box =25% and 75% confidence intervals
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Fig.3 (continued)

could be that poorly differentiated tumors have lower ADC
values than well or moderately differentiated tumors [21],
resulting in an increased likelihood of LN metastasis.

Univariate analysis demonstrated that long-axis and
short-axis diameters of LN, MRI T-stage, SCC antigen,
tumor size, and ADCg, 5 were significantly correlated with
pelvic LN metastasis. However, only ADCy; 5 was a signifi-
cant predictor of pelvic LN metastasis in the multivariate
analysis. These findings suggested that the ADC97.5 might
be used as a risk factor for pelvic LN metastasis in cervical
cancer. However, further studies with internal or external
validation will be needed.

For preoperative detection of LN metastasis in cervical
cancer, a size criterion of MRI has been used with a thresh-
old diameter of 10 mm in the short axis [5, 6]. However,
this criterion is inaccurate because it overlaps sizes between
metastatic, hyperplastic and normal LNs. Moreover, micro-
metastasis in small LNs is not rare. Morphologic features
such as loss of normal LN architecture, irregular border,
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Fig.4 A 42-year-old woman with FIGO stage IIB cervical cancer. a,
b Axial T2-weighted image (a) shows a 5 cm cervical mass of high
signal intensity, with bilateral parametrial invasion (arrows). On
axial ADC map (b), the mass shows homogenous low signal inten-
sity (arrows). On histogram analysis, ADC_;,, ADC, ..n» ADC, cdian>
ADCy, 5, and ADC, . of the mass were 0.92, 1.023, 1.024, 1.130,

max

rounder form, and heterogeneous signals are also used, but
the diagnostic performance of MRI is limited to 67-95%
accuracy, 37-90% sensitivity, and 71-100% specificity [6,
71. Our study demonstrated that AUC, sensitivity, and speci-
ficity of ADC,, 5 were 0.782, 60%, and 83%, respectively.
These values were the highest among all variables for pre-
dicting pelvic LN metastasis, followed by the short-axis LN
diameter (0.704 AUC, 54% sensitivity, and 77% specificity).
These results were consistent with previous studies [5-7].
An ADC map derived from DWI is commonly analyzed
using the placement of the ROI in the tumor. However, this
approach does not reflect the heterogeneity of whole tumors
or the complex micro-architectural properties of malignantly
transformed tissue. These limitations may be overcome with
a histogram analysis using every voxel of the tumor [22, 23].
The histogram analysis can provide statistical information
and a quantitative methodology for analyzing nonsignificant
changes in the pixels of tumors. The percentiles may be use-
ful in evaluating malignant components of lesions through
the identification of different microenvironments that may
be masked by mean ADC values. Only a few studies have
used this histogram analysis of ADC maps for cervical

and 1.151 x 107mm?/s, respectively. ¢, d Axial T2-weighted (c) and
diffusion-weighted (d) images show an enlarged lymph node (arrow)
of 15.2%12.3 mm in left internal iliac chain, suggesting a possibility
of metastasis. Surgical specimen revealed no lymph node metastasis
in the pelvis

cancer [2, 8, 14, 24]. Histogram analysis of ADC can dis-
tinguish normal cervical tissue from cervical cancer [2], and
can separate well or moderately differentiated from poorly
differentiated cervical cancer [8]. The predictive value of
ADC-derived histogram variables for tumor recurrence in
cervical cancer patients treated with chemoradiotherapy
was reported [24]. Recently, Schob et al. [14] demonstrated
significant differences in ADC-derived histogram variables
comparing negative LN and positive LN in 18 cervical can-
cer patients. Consistent with this study [14], our results also
showed that all ADC histogram variables were significantly
lower in patients with LN metastasis than in those without
LN metastasis. Currently, the histogram analysis of ADC is
not available in all institutions. If the histogram analysis of
ADC will be commercially available by MR vendors, it is
expected that many researches will be performed for utility
of ADC histogram analysis.

Reliability and variability are essential for assess-
ing quantitative MRI variables as imaging biomarkers.
Our results demonstrated that interobserver agreement
for ADC,;,, ADC ..., and ADC_ 4., was moderate to
good, and that for ADC_,, and ADC,, 5 were fair. And

max
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Fig.5 A 53-year-old woman with FIGO stage IIB cervical can-
cer. Axial T2-weighted image (a) shows a 4.3 cm cervical mass of
high signal intensity, with left parametrial invasion (arrow). On axial
ADC map (b), the mass shows homogenous low signal intensity
(arrow). On histogram analysis, A ADC_;,, ADCcanr ADCcdians
ADCy; 5, and ADC, .. of the mass were 0.671, 0.784, 0.778, 0.910,

max

Table 2 Logistic regression analysis for predicting pelvic LN metastasis

and 0.936 x 107> mm?/s, respectively. Axial T2-weighted (c) and dif-
fusion-weighted (d) images show two enlarged lymph nodes (arrows)
in bilateral iliac chains suggesting a possibility of metastasis:
right=22.0x20.9 mm and left=15.3%x15.0 mm. Surgical specimen
revealed lymph node metastasis in the bilateral internal iliac chains

Univariate Multivariate

Odds ratio 95% Confidence interval p value Odds ratio 95% Confidence interval p value
Age 0.990 0.962-1.020 0.508
Long-axis LN 1.155 1.051-1.270 0.003 1.112 0.971-1.274 0.125
Short-axis LN 1.333 1.146-1.555 <0.001 1.095 0.918-1.306 0.311
MRI T-stage (> T2B) 1.970 1.350-2.870 0.004 1.565 0.938-2.610 0.086
Histologic type 0.724 0.338-1.555 0.408
FIGO stage (> IIB) 1.510 0.983-2.311 0.060
SCC antigen 1.028 1.001-1.055 0.044 1.01 0.978-1.044 0.552
Tumor size 1.452 1.159-1.820 0.001 0.971 0.679-1.388 0.872
ADCy; 5 0.995 0.993-0.997 <0.001 0.996 0.994-0.998 0.001

ADC apparent diffusion coefficient, ADC,, ; 97.5th percentile value of cumulative ADC histogram, CI confidence interval, FIGO the Interna-
tional Federation of Gynecology and Obstetrics, LN lymph node, OR odds ratio, SCC squamous cell carcinoma

interobserver variability of ADC histogram ranged from
1.3 to 15.2%. Thus, ADC histogram variables might be
used as imaging markers. However, to be commonly used
in clinical practice, sophisticated software or standardized

@ Springer

ROI measurement for tumors will be needed to improve
reliability and reduce variability between observers.
There were several limitations in our study. First, our
study was retrospective in a single center, with relatively
small patient numbers. A further validation with a larger
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Table 3 ROC curve analysis for

- g ) Variables AUC Cutoff value Sensitivity Speci-
predicting pelvic LN metastasis (%) ficity
(%)
Age (year) 0.522 (0.428-0.616) <57 86 26
Long-axis LN 0.637 (0.545-0.729) >15.2 48 79
Short-axis LN 0.704 (0.614-0.793) >9.5 54 77
MRI T-stage 0.694 (0.614-0.773) >T2B 80 53
Histologic type 0.532 (0.458-0.605) SCC vs non-SCC 76 30
FIGO stage 0.594 (0.514-0.674) >1IB 38 77
SCC antigen 0.634 (0.539-0.729) >1.7 62 62
Tumor size (cm) 0.667 (0.583-0.751) >3 84 51
ADCy; 5 (X 107>mm?/s) 0.782 (0.706-0.858) <1.092 60 83

ADC apparent diffusion coefficient, ADCy, ; 97.5th percentile value of cumulative ADC histogram, C/ con-
fidence interval, FIGO the International Federation of Gynecology and Obstetrics, LN lymph node, OR
odds ratio, SCC squamous cell carcinoma

numbers of patients will be needed to support clinical
applications. Second, ADC values depend on many fac-
tors that cause changes in tissue diffusivity and regional
gradients, such as body temperature, tissue pressure, per-
fusion rate, or an individual’s magnetic environment [25].
To be used in clinical practice, DWI needs a standard-
ized protocol across all institutions. This ideal is currently
impossible. Third, the presence of paraaortic LN metasta-
sis is an important prognostic factor [18], yet this aspect
of cervical cancer was not analyzed in our study because
of small number of patients in which LNs from the par-
aaortic region were dissected. Fourth, ADC values were
not measured in the whole tumor in our study. Histogram
analysis of ADC values in the whole tumor could evalu-
ate more accurately tumor heterogeneity compared with a
tumor showing the greatest dimension in a single image.
However, the measurements in the whole tumor have still
a potential limitation for mismatching between MRI and
pathological findings. Fifth, we used perfusion-sensitive
ADC values using b values of 0 and 1000 s/mm?, which
might overestimate the ADC values. To avoid contamina-
tion of the measured diffusion signal by capillary perfu-
sion effects, adding of low b values of <100-150 s/mm?
will be needed in a future study [26].

In conclusion, our results show that ADC,, 5 from his-
togram analysis may be a useful marker for the prediction
of pelvic LN metastasis in patients with cervical cancer.
Preoperative ADC histogram analysis may be used to pre-
dict pelvic LN metastasis in patients with cervical cancer,
which may play a crucial role for clinical decision mak-
ing. However, a further study with a larger population is
needed for validation.
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