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Abstract. Aim: To delineate cervical cancer gross tumor
volume (GTV) on T2-magnetic resonance imaging (MRI) and
apparent diffusion coefficient (ADC) maps, assessing volumes
and inter-observer agreement between two observers. Patients
and Methods: A radiologist and a radiation oncologist
delineated GTV on T2 (T2gry) and ADC (ADCgry)
sequences. Dice similarity index (DICE) and Bland-Altman
analysis were used to estimated concordance. Results: Mean
1261y and ADCgry volumes were 43.84+71.47 cc and
37.28468.92 cc according to the radiologist, and 43.4+70.44
cc and 36.65+69.21 cc according to the radiation oncologist.
ADC led to statistically significantly smaller volumes
compared to T2. The mean DICE index was 0.86 for T2y
and 0.84 for ADCgpy. The Bland-Altman plots globally
showed concordance. Conclusion: GTV delineation was
smaller in the ADC maps compared to T2-MRI, reaching an
almost perfect agreement between observers. Thanks to this
acceptable variability, adding functional imaging might
provide more information for tumor delineation, improving
reproducibility for image-guided adaptive radiotherapy.

Nowadays, the mainstay of treatment for locally advanced
cervical cancer (LACC) includes external beam radiotherapy
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(EBRT), concomitant chemotherapy and brachytherapy. T2-
weighted magnetic resonance imaging (MRI) is the imaging
modality to be preferred for careful and accurate primary
staging of the tumor (1, 2).

Despite the extensive use of MRI, recent studies reported
significant uncertainties in T2-weighted MRI delineation,
describing a poor interobserver variability in brachytherapy
target volume, represented by conformity indices of 0.58-0.60
for gross tumor volume (GTV) at brachytherapy, and 0.39-0.79
(mostly between 0.70-0.79) for high-risk clinical target volume
(3, 4). Considering this aspect and the possible advantages of
improved diagnostic techniques in a dose-intensification
strategy, in particular in patients with higher risk of local
relapse, its integration with diffusion-weighted MRI (DWI)
might improve tumor volume definition in addition to patient
outcome. In this way, a recent study demonstrated the accuracy
of the apparent diffusion coefficient (ADC) map obtained at 2
weeks during radiotherapy in allowing an early prediction of
treatment response (5).

DWI-MRI is considered an encouraging functional
imaging mode in the definition of a biological target volume,
thanks to its capability for detecting highly metabolic
regions. DWI-MRI evaluates the random motion of water
molecules, mostly present in the extracellular space:
compared to normal tissue, in cervical cancer, as in other
neoplasms, tumor is densely cellular, showing restricted
diffusion. This distribution is quantitatively well measured
by ADC. In DWI, cancer has an increased signal intensity,
which results in a reduction of the corresponding ADC map.
It is well established that both DWI techniques as well as
ADC measurement improves cervical cancer -clinical
assessment, regarding both tumor and nodal status, and
histology (6). Few studies have analyzed the use of DWI for
image-guided radiotherapy in cervical cancer (7).
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Since T2 MRI has been suggested by the Groupe
Européen de Curiethérapie — FEuropean Society for
Radiotherapy and Oncology (GEC-ESTRO) guidelines for
target delineation in image-guided adaptive brachytherapy,
and DWI is able to define a biological target volume, we
conducted a retrospective study in order to assess differences
in the definition of the GTV based on T2-weighted and ADC
maps. In detail, we estimated volumes and interobserver
agreement between two observers, a radiologist and a
radiation oncologist, in order to improve volume delineation
in patients with cervical cancer.

Patients and Methods

We retrospectively evaluated 37 patients, with a median age of 55
years (range=28-94 years), treated at our Radiotherapy Department
from January 2013 to July 2018. All patients had adenocarcinoma or
squamous cell carcinoma of the cervix and they underwent
diagnostic 1.5T MRI prior to radiotherapy. According to the
International Federation of Gynecology and Obstetrics classification,
two (5.4%) patients were staged with IB1 disease, six (16.2%) with
IIA1, 17 (46%) with 1IB, two (5.4%) with IIIB and 10 (27%) with
IVA (8). All patients were treated with external beam radiotherapy,
with a total dose of 45-50 Gy (1.8 Gy/day). Concomitant
chemotherapy consisted of weekly cisplatin at 40 mg/m?2.

A radiologist and a radiation oncologist independently delineated
the whole GTV on T2 (T2gyy) and ADC map (ADCgry) axial
sequences on RayStation platform (RaySearch Laboratories,
Stockholm, Sweden). They had the possibility of adjusting window
and level settings. The tumor appeared as a hypo-intense signal on
the ADC map, created by the corresponding DWI. The MRI was not
co-registered with the computed tomographic (CT) scan simulation.

Statistical analysis. T2gpy and ADCgry delineated by the two
observers were subjected to statistical analysis, and reported as the
mean and standard deviation. The deviation from a normal
distribution for each parameter was evaluated by Shapiro-Wilk’s
test. T2gty and ADCgry were compared using the #-test. A p-value
of less than 0.05 was considered statistically significant. Dice
similarity index (DICE) (9), Bland—Altman (10) analysis (mean
difference, 95% limits of agreement), coefficient of repeatability
(CR) and intra-class correlation coefficient (ICC) were used to
assess agreement between the radiologist and radiation oncologist.
ICC is the ratio of the intersubject component of discrepancy to the
total discrepancy; better repeatability is obtained with a high ratio.
The CR is the value below which the absolute differences between
two measurements would lie with 0.95 probability, directly related
to the 95% limits of agreement suggested by Bland and Altman. In
order to identify any possible relationship between the measurement
error and the true value, a concordance plot of volumes obtained by
the observers against their mean was performed. The Bland—Altman
method was applied to evaluate the 95% limits of agreement. The
DICE index evaluated the correspondence between volumes
according to the radiation oncologist compared to those according
to the radiologist, considered the benchmark. Defining volumes A
and B, respectively, DICE was: DICE=2xAUB/A+B and ranged
from O to 1 (no overlap between volumes to complete overlap).
Agreement was slight when DICE was between 0 to 0.2, fair
between 0.2 to 0.4, moderate 0.4 to 0.6, substantial 0.6 to 0.8 and
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Figure 1. Gross tumor volume (GTV) representations on T2-weighted
(left) and apparent diffusion coefficient (ADC) maps (right) on axial
(upper), coronal (middle) and sagittal (lower) magnetic resonance
imaging planes. Pink contour: radiologist T2gyy; blue contour:
radiation oncologist T2y, orange contour: radiologist ADC gy, light
green contour: radiation oncologist ADC gy

perfect with DICE from 0.8 to 1. Statistical analysis was performed
using the R environment.

Results

Comparison between volumes. Each observer analyzed 37
MRIs. Mean T2gpy and ADCgry volumes were
43.84+7147cm? and 37.28+68.92 cm® for the radiologist, and
43.4£70.44 cm® and 36.65+69.21 cm? for the radiation
oncologist. With a statistically significant difference (p<0.001
for both the radiologist and radiation oncologist), values for
T2GTy were larger compared to those for ADCgpy .

Comparison between radiologist and radiation oncologist
measurements. Figure 1 show an example of T25py and
ADCgry MRI. Concordance plots for T2ty and ADCgry
between observers are shown in Figure 2. The mean DICE
index values for T2y and ADCgry were 0.86+0.06 and
0.84+0.08, respectively. The ICC for T2gy was 0.998 [95%
confidence interval (CI)=0.997-0.999] and 0.999 (95%



Rosa et al: Reproducibility and Agreement in Cervical Cancer Delineation Using ADC Maps

10 "
M e ity S e e iR T . o  +1.96SD
51 L ee ° 6.1 h 8.5
8 ¢ 8
= g j’ Mean = 04%. Mean
— b NN ] — 1
2 'o. o ° 06 o A Qo " 0.4
[m) [m)
i Riiiaig e B0 i L EED
48 10- -7.6
[¢]
-101
0 100 200 300 400 500 0 100 200 300 400 500

Mean volume (cc)

Mean volume (cc)

Figure 2. Bland—Altman concordance plot for apparent diffusion coefficient gross tumor volume (ADC gyy) and T2-weighted gross tumor volume

(T2Gry) by the radiologist and the radiation oncologist. The upper and lower 95% limits of agreements are represented as dotted lines; the mean

difference is represented as a continuous line. SD: Standard deviation.

CI=0.998-1.000) for ADCgry, respectively. The CR was
5.496 (95% Cl1=4.481-7.110) for T2Gyy (p=0.516) and 7.984
(95% CI=6.509-10.329) (p=0.173) for ADCgrv,
respectively. The Bland—Altman plots show some outliers
beyond the limits of agreements but globally the methods for
the two observers were in concordance, conforming to the
CR coefficients reported above.

Discussion

We conducted this retrospective study with the aim of
comparing the GTV delineated on T2-MRI with the GTV
defined on the ADC maps, in order to estimate the difference
in volume and volume reproducibility between different
observers. It is known that ADC maps, in addition to T2-
weighted sequences, can improve the accuracy of disease
detection and predict treatment response. A new interesting
and useful function might also be its use in tumor delineation.

Nowadays, external beam radiotherapy and brachytherapy
represent the major modalities for cervical cancer treatment.
In this setting, MRI is crucial in treatment planning. In fact,
the GTV defined for intracavitary brachytherapy is obtained
by clinical examination and T2-MRI.

3D CT and MRI are standardly used both for GTV
coverage and evaluation of the dose to organs at risk
(OARs), in particular for brachytherapy. Many authors had
found correlations between late radiation toxicities and total
dose given both to the rectum and bladder, as well as other
studies had tried to give a possible comparison between late
radiation toxicities and volumetric doses (11-14).

The International Federation of Gynecology and
Obstetrics classification underlines the role of imaging in
cervical cancer staging, and several studies have shown that

the only clinical examination is not sufficient, indeed taking
advantage by adding MRI (15-17).

MRI is the gold standard for tumor staging due to its
excellent soft-tissue contrast. In fact, MRI techniques are
useful for assessing parametrial invasion, detecting lymph
node metastases and determining tumor sub-type and grading
(18), in addition to the appropriate visualization of OARs
such as the bladder, vagina, rectum and sigmoidal colon (2).
Furthermore, with the development of DWI and dynamic
contrast-enhanced MRI (DCE-MRI), the tumor micro-
environment can be investigated better than using
conventional imaging alone.

The Gynecological GEC-ESTRO Working Group gave
recommendations for MRI-based adaptive target volume as
well as for OARs (2). In addition, ADC values were
considered a quantitative tool not only for diagnosis but also
for the evaluation of treatment response in cervical cancer
(19), as in other malignancies (20-22).

It is well known that DWI can improve treatment response
assessment in cervical cancer (19). In fact, it has the
potential to discriminate between normal tissue and a
neoplasm. Moreover, it may provide information about the
histological type of cervical cancer (23). The sensitivity and
specificity of DWI in cervical cancer detection were about
94-100% and 85%, respectively, as demonstrated by Chen et
al. (24). Concerning ADC maps, they are useful not only for
prediction of treatment response but also for monitoring of
early response, even if further studies are necessary.

The potential use of functional imaging, represented by DWI-
MRI, positron-emission tomography (PET-CT) and DCE-MRI,
could improve individual dose planning. In this scenario, it could
be of interest to include all the information resulting from these
different modalities (25). T2-MRI, DWI-MRI and PET-CT
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imaging have been studied for target delineation in patients with
LACC (26). In this scenario, we investigated the potential of
DWI-MRI and the corresponding ADC maps in order to study
the possibility of having more information on tumor volume.

The concordance between FDG-PET and DWI, as
functional imaging, was retrospectively investigated in 20
patients with cervical cancer, comparing fluorodeoxyglucose
(FDG) and ADC tumor volumes (27). The average ADC MRI
volume was larger compared to FDG PET ones (43.8 cm? vs.
39.0 cm®), with a good agreement between the two modalities,
assessed with DICE index (0.76+0.06). Moreover, the authors
demonstrated a concordance in LACC sub-volumes between
increased FDG uptake and ADC restriction, with comparable
FDG-PET and DWI delineation (27).

The information obtained by DWI/DCE-MRI/FDG-PET
in addition to T2-MRI and interobserver variability were also
confirmed by Han et al. In their study, the GTV and the
high-risk clinical target volume of 22 patients with LACC
were firstly contoured on T2 images and then changed using
DWI/DCE-MRI/FDG-PET images, by two readers. Half of
T2-GTVs were modified based on DWI/DCE-MRI/FDG-
PET by one observer because of both better differentiation
and visualization of residual neoplasm, whereas the second
observer changed GTV in 17 patients. The conformity index
for GTV was significantly improved, thanks to the
incorporation of functional imaging, from 0.54 (obtained on
T2 imaging) to 0.65 (p=0.003). Both readers adapted the
high-risk clinical target volume in three and eight cases,
reporting a better concordance with the addition of functional
imaging (conformity index from 0.71 to 0.76, p=0.06) (26).
The authors concluded that supplementing T2-MRI with
DCE-MRI/DWI/FDG-PET imaging leads to a significant
reduction in interobserver variability.

Starting from the improvement of functional imaging in the
accuracy of disease detection and prediction of treatment
response, and the new evidence in its useful tumor delineation,
we analyzed its role in ADC maps in comparison to T2-MRI.

Similarly with previous studies performed on other tumor
types (28-30), our purpose was that of comparing the GTV
delineated on T2-MRI with the GTV defined on the ADC
maps. A previous retrospective study conducted on 15 patients
with cervical cancer obtained T2 volumes generally larger
than those on ADC (64.0£70.5 cm’ vs. 52.3+54.6 cm’,
p=0.0074, sign test) (7). Similarly, our study on 37 patients
reported ADCgry smaller compared to T2gry, for both
observers, a radiologist and a radiation oncologist, reporting
mean T2y and ADCgpy volumes of 43.84+71.47 cm? and
37.28+68.92 ¢cm? for the radiologist, and 43.4+70.44 cm? and
36.65+69.21 cm? for the radiation oncologist, respectively.
Furthermore, as some authors compared volumes on T2-MRI
and PET-CT, and reported areas on PET-CT undetected on T2-
MRI, ADC maps might highlight areas hidden on T2 images,
in particular regarding smaller target volumes (31).

1984

Differently from previous authors, who did not investigate
a concordance in volume definition between different
observers, we reported an agreement between volumes
obtained by a radiologist and a radiation oncologist, with a
mean DICE index for T2gy of 0.86+0.06 and 0.84+0.08 for
ADCgry, respectively, indicating an almost perfect
agreement. This almost perfect agreement between different
observers could suggest as not only T2-weighted images but
also ADC map might well be used for volume definition by
radiation oncologists.

Our study had some limitations. First of all, it was a
retrospective study with a small study cohort. For this
reason, further studies, possibly prospective and multi-
centric, are warranted to confirm our results. Secondly, we
used only T2-weighted images and ADC maps for functional
target volume delineation. It might be of interest to compare
GTYV delineation on T2 images to both ADC maps and FDG-
PET/CT images, in order to evaluate whether biological
imaging might better identify smaller target volumes. Future
evaluations should also be made on both ADC maps and T2-
MRI in order to evaluate the accuracy of GTV delineation,
as well as including PET-CT for delineation.

In conclusion, in our study, significantly smaller volumes
were obtained for the GTV when using ADC maps compared
to T2-weighted MRI. This might suggest that adding
functional imaging such as ADC maps obtained from DWI
might give more information for tumor delineation.
Furthermore, the DICE index reported an almost perfect
agreement for T2gry and ADCgry obtained by a radiologist
and a radiation oncologist, demonstrating that target
contouring on ADC maps might represent a successful option
with an acceptable variability between different observers.
Further studies with a larger study population are warranted
to confirm these promising results. This could be
investigated in order to improve delineation reproducibility
for image-guided adaptive radiotherapy, even with a view to
reducing doses to adjacent OARs. In addition, FDG-PET
imaging might be taken into consideration in order to
provide further functional tumor information.
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