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Abstract

Our aim is to assess preoperative Short Course Radiotherapy (SCR) tumor response in locally advanced rectal cancer (LARC)
through Standardized Index of Shape (SIS) by DCE-MRI, apparent diffusion coefficient (ADC) and intravoxel incoherent
motion-derived parameters by DW-MRI. 35 patients with LARC underwent MR scan before and after SCR followed by
delayed surgery, retrospectively, were enrolled. SIS, ADC, tissue diffusion (D), pseudodiffusion (D,), and perfusion fraction
(f) were extracted by MRI for each patient before and after SCR. Tumor regression grade (TRG) was estimated. Receiver oper-
ating characteristic curve and linear classification were performed. Sixteen patients were classified as responders (TRG < 2)
and 19 as non-responders. Seven patients had TRG1 [pathological complete response (pCR)]. The best parameter to discrimi-
nate responders by non-responders was SIS (sensitivity 94%, specificity 84%, accuracy 89%, cutoff value = — 7.8%). SIS
obtained the best diagnostic performance also to discriminate pCR (sensitivity 86%, specificity 89%, accuracy 89%, cutoff
value = 68.2%). No accuracy increase was obtained combining linearly each possible parameters couple or all functional MR-
derived parameters. SIS is a hopeful DCE-MRI angiogenic biomarker to assess preoperative treatment response after SCR
with delayed surgery, and it permits to discriminate pCR allowing to direct surgery for tailored and conservative treatment.
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Introduction

Total mesorectal excision combined with preoperative
radiation therapy and concomitant chemotherapy (CRT)
is the current standard for locally advanced rectal can-
cer (LARC) [1-3]. Long-course CRT has been exten-
sively applied, and encouraging results derive from this
approach in terms of local control with a high percentage
of tumor regression up to a significant rate of complete
response [1-3]. However, Short Course Radiotherapy
(SCR) is known to be a valuable therapeutic option in
patients with LARC. A recent meta-analysis [4] reported
that SCR with immediate surgery is as effective as long
CRT with deferred surgery in terms of overall and disease-
free survival rates, local and distant control, and toxicity.
Also, Short Course Radiotherapy with Delayed Surgery
(SCRDS) (after 4-8 weeks), optional therapy described
for patients with locally advanced tumors who are not fit
for CRT, leads to similar results in terms of negative mar-
gin resection percentage and satisfactory results about the
downstaging and pathological response rate compared to
traditional preoperative CRT [5-7]. Therefore, SCRDS
can be considered effective in LARC downsizing, ensur-
ing a significant pathological response rate [7-9], and can
be considered an optional therapy in patients with locally
advanced cancers who are not fit for CRT [10-13].

The use of new imaging modalities to make individual
assessments of therapy response could be of great clini-
cal value to adjust subsequent strategies tailored for each
patient. Such strategies range from a tailored surgical
approach to administering an adjuvant regimen, or even
to a wait-and-see policy without surgery for patients with
high surgical risks [14, 15].

Morphological MRI evaluation is the best imaging tool
for locoregional LARC staging, consenting an accurate
assessment of the disease extension, of the mesorectal
fascia and lymph node involvement [16]. However, there
are some restrictions: a positive tumor response cannot
correspond to a significant tumor size reduction; there
is difficulty to differentiate necrosis, fibrotic tissue, and
viable residual tumor tissue within treated areas [16, 17].
Therefore, several studies focused their attention on the
potential added benefit of functional quantitative param-
eters derived by MR image [17-20]. Combining functional
information with anatomic detail provided by MRI, this
imaging technique makes an actually powerful response
assessment tool. Dynamic contrast-enhanced MRI (DCE-
MRI) has demonstrated promising to detect residual tumor
after pre-surgery CRT [17-21]. Previous studies have been
investigated functional parameters derived by DCE-MRI
data in rectal cancer [18-21] such as the Standardized
Index of Shape proposed by Petrillo et al. [18] as a simple
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semiquantitative parameter capable of differentiating path-
ological significant and complete response after CRT in
LARC. Moreover, in various oncology fields, researchers
have recommended the use of diffusion-weighted imaging
(DWI) to assess treatment response [22-29]. DWI provides
functional information on the tissues microstructure by
means of the evaluation of water proton mobility differ-
ences [22, 23]. Water diffusion characteristics depend on
cell density, vascularity, and viscosity of the extracellular
fluid and cell membrane integrity. By quantifying these
properties by means of the individual apparent diffusion
coefficient (ADC) using mono-exponential model to ana-
lyze DWI data, it can be used as an imaging biomarker
to reflect biological tumor changes and to monitor and
predict treatment response [24, 25]. Moreover, using a
by-exponential model to analyze DWI data, information
on both diffusion and perfusion tissue properties derived
from intravoxel incoherent motion method (IVIM) can be
obtained: the pure tissue coefficient (D,) that describes
water macroscopic motion in the cellular interstitial space,
the pseudodiffusion coefficient (D,) that describes blood
microscopic motion in the vessels, and the perfusion
fraction (f) that describes the proportion of two different
motions [26-29].

DCE-MRI and DW-MRI after CRT were shown to be
more valuable than morphologic MR imaging to detect
pathological significant and complete response, because on
DCE and DW images, viable residual tumors are more easily
recognized, as they appear hyperintense compared with the
low signal intensity (SI) of the surrounding non-neoplastic
tissue.

Aim of this study is to determine the diagnostic perfor-
mance of MR imaging for the assessment of tumor response
after SCRDS in patients with LARC using Standardized
Index of Shape (SIS) obtained by DCE-MRI and using ADC
and IVIM-derived parameters obtained by DW-MRI. Linear
combination of each possible parameters couple and of all
functional MR-derived parameters extracted by DCE- and
DW-MRI was also evaluated.

Materials and methods
Patient selection

Thirty-five patients with a median age of 67 years (range
48-83 years) who refused or were considered unfit for chem-
oradiation and planned for neoadjuvant Short Course Radio-
therapy were evaluated in this retrospective study, from May
2011 to December 2016.

Patient characteristics are described in Table 1.

All patients had a biopsy-proven rectal adenocarcinoma.
Endorectal ultrasonography, MRI of pelvis, and Computed
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Table 1 Patient characteristics

. . o Characteristics All patients TRG 1-2 TRG 34 p*
and histopathological Findings n=35(%) n=16 n=19

Gender > 0.05
Male/female 27 (77) 8 (23) 11/5 16/3
Median age (range) 67 (48-83) 69 (48-78) 68 (48-76)

Gunderson risk > 0.05
Intermediate: T3NO, T2N1 8(22.9) 3 5
Moderately high: T2N2, T3N1, T4NO 18 (51.4) 8 10
High: T3N2 9 (25.7) 5 4

Distance from the anal verge > 0.05
<5cm 14 (40.0) 6 8
>5cm 21 (60.0) 10 11

Circumferential resection margin > 0.05
> 2 mm 16 (45.7) 7 9
<2mm 13 (37.1) 6 7
<1lmm 5(14.3) 2 3
Not measurable 1.9 0 1

Tomography (CT) scan of chest, abdomen, and pelvis were
used as staging examinations. Patients had T2-T4 rectal can-
cer with or without local lymph node involvement. Patients
staged T2 without lymph node involvement were included
only if the tumor was located at less than 5 cm from the anal
verge. Exclusion criteria were: inability to give informed
consent, previous rectal surgery, and contraindications to
MRI or to MR contrast media administration. Patients were
included in the study in accordance with the approved guide-
lines of the local ethical committee of National Cancer Insti-
tute of Naples “Pascale Foundation” and gave their written
informed consent.

Radiotherapy

All patients underwent dose-planning CT in prone position.
After an online CT virtual simulation, CT datasets were
transferred to a dedicated treatment planning system through
a DICOM network and an individualized clinical target vol-
ume (CTV) was done, including the gross tumor volume
with margins (2-3 cm depending upon tumor position,
defined by MRI imaging), the mesorectum, and regional
lymph nodes depending upon tumor location. We con-
toured the small bowel, the femoral heads, and the bladder
as critical organs on all CT slices of every patient, and we
evaluated the relative dose—volume histogram on the treat-
ment planning console. Three-dimensional plans for 3D or
intensity-modulated radiation therapy (IMRT) radiotherapy
were generated for a dual-energy, 620 MV X-rays, (Clinac
2100, Varian Medical Systems, Palo Alto, CA) or 6-15 MV
X-rays linear accelerator (Elekta Agility, Elekta Instrument
AB Stockholm, Stockholm, Sweden) both equipped with
multileaf collimators (MLC). Patients were scheduled using

a three-field or IMRT treatment arrangement to include the
planning target volume within the 95% isodose, and a dose
of 25 Gy in five fractions over 1 week was prescribed to the
ICRU 62 intersection point.

MRI data acquisitions

Each patient underwent MR studies before and after SCR:
baseline, on average 23.8 days before starting radiotherapy
and delayed, on average 61.0 days after the end of SCR.
MR imaging was performed with a 1.5T scanner (Magnetom
Symphony, Siemens Medical System, Erlangen, Germany)
equipped with a phased-array body coil. Patients were placed
in a supine, head-first position. Mild rectal lumen disten-
sion was achieved with 60-90 mL of non-diluted ferumoxil
(Lumirem, Guerbet, RoissyCdGCedex, France) suspension
introduced per rectum. Pre-contrast coronal T1w 2D turbo
spin-echo (TSE) images and sagittal and axial T2w 2D turbo
spin-echo images of the pelvis were obtained. Axial DWIs
were acquired (spin-echo diffusion-weighted echo-planar
imaging (SE-DW-EPI)) at seven b-values of 0, 50, 100,
150, 300, 600, 800 s/mm?. Subsequently, axial, dynamic,
contrast-enhanced T1w, FLASH 3D gradient-echo images
were acquired. We obtained one sequence before and ten
sequences, without any delay, after IV injection of 0.1 mmol/
kg of a positive, gadolinium-based paramagnetic contrast
medium (Gd-DOTA, Dotarem, Guerbet, Roissy-CdG-Cedex,
France). The contrast medium was injected using Spectris
Solaris® EP MR (MEDRAD Inc., Indianola, PA), with a
flow rate of 2 mL/s, followed by a 10-mL saline flush at the
same rate. Temporal resolution was 0.58 min, correspond-
ing to 35 s (as reported in Table 2). Then, sagittal, axial,
and coronal post-contrast T1w 2D turbo spin-echo images,
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Table 2 Pulse Sequence Parameters on MR studies

Sequence Orientation TR/TE/FA (ms/ms/deg.) AT (min) FOV (mm X mm) Acquisition matrix ST/Gap TF
(mm/mm)
T1w 2D TSE Coronal 499/13/150 2.36 450 x 450 256 x 230 3/0 3
T2w 2D TSE Sagittal 4820/98/150 4.17 260 x 236 256 x 139 3/0 13
T2w 2D TSE Axial 3970/98/150 3.48 270 x 236 256 x 157 3/0 13
SE-DW-EPI Axial 2700/83 6.37 136 x 160 160 x 102 4/0 /
T1w FLASH 3D Axial 9.8/4.76/25 0.58 330 x 247 256 x 192 3/0 /
T1w FLASH 3D Axial 9.8/4.76/25 0.58 x 10 330 x 247 256 x 192 3/0 /
T1w 2D TSE Sagittal 538/13/150 2.35 250 x 250 256 x 230 3/0 5
T1w 2D TSE Coronal 538/13/150 2.52 250 x 250 256 x 230 3/0 5
T1w 2D TSE Axial 450/12/150 2.31 270 x 236 256 x 202 3/0 5

TR repetition time, TE echo time, FOV field of view, FA flip angle, ST slice thickness, TF turbo factor, AT acquisition time

with and without fat saturation, were obtained (Table 2 Axial
T1-w pre- and post-contrast sequences were acquired at the
same position as the T2-w sequence. MRI total acquisition
time was around 40 min. Each patient received bowel prepa-
ration and antispasmodic medication before any of the MR
examinations in order to reduce respiratory artifacts.

MRI image data analysis

Images assessment was performed in a single reading ses-
sion for each patient by consensus of two gastrointestinal
radiologists with 20 and 8 years of experience in reading
pelvic MR images.

To take into account tumor heterogeneity, the radiolo-
gists, based on pre-contrast T1-weighted images using the
T2-weighted images as a guide [30], manually drew regions
of interests (ROI) along contours of tumor to obtain volume
of interest (VOI) for each study, covering the whole lesion
with exclusion of peripheral fat, artefact, and blood vessels.
After the treatment, the manually drawn regions of inter-
ests (ROI) include also the fibrosis induced by treatment,
especially in the cases of pathological complete response.
Median and standard deviation values were recorded for
each VOL

Median TIC of the segmented VOI was obtained and
using that, the maximum signal difference (MSD) and wash-
out slope (WOS) were calculated [31]. Then for SIS analy-
sis, considering median value percentage change of MSD
[AMSD = (MSD,; — MSD,)/MSD; x 100] and of WOS
[AWOS = (WOS, — WOS,)/WOS; x 100], their combina-
tion was evaluated as described in a previously paper [18].

Per each voxel on DW data was calculated ADC using
mono-exponential model [22-25] while other diffusion and
perfusion information (perfusion fraction f, pure tissue dif-
fusion coefficient D;, pseudodiffusion coefficient D) was
obtained modeling DW-data using the IVIM model [26-29]
and using variable projection algorithm for parameters
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estimation [32]. An exhaustive description of the algorithm
is beyond the scope of the present paper, and the interested
reader is referred to [33]. Median values of ADC and IVIM-
derived parameters of each VOI were obtained.

Per each MR descriptor, the percentage change
between pre- and post-treatment was obtained as
AX = (Xpre — Xpost)/Xpre (X is the generic shape
descriptor).

All analyses were performed using Matlab R2007a (The
Math-Works Inc., Natick, MA).

Surgery

Surgery was performed on average 70.0 days after the end of
radiotherapy. Based on the results of restaging and downsiz-
ing, sphincter-saving surgery was considered for all patients
without a clear sphincter involvement before treatment, and
local excision was considered for patients with a significant
clinical response. The planned operation was discussed with
the patients, and a specific informed consent was obtained. A
rectal resection with total mesorectal excision and bilateral
nerve sparing, when possible, was the standard approach. In
distal cancers, an ultra-low anterior resection with colo-anal
manual anastomosis or, in case of sphincter involvement,
an abdomino-perineal resection was performed. All patients
receiving an anastomosis underwent construction of a pro-
tecting ileostomy.

Evaluation of pathologic response

Details of how the pathologic response assessment was
performed have been described [34, 35]. Briefly, surgical
specimens containing the tumor were evaluated and scored
according to tumor regression grade (TRG), as proposed by
Mandard et al. [35] by an expert pathologist who was not
aware of MRI findings. A score of TRG 1 means a com-
plete response with absence of residual cancer and fibrosis
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extending through the wall. TRG 2 is the presence of resid-
ual cancer cells scattered through the fibrosis. TRG 3 cor-
responds to an increased number of residual cancer cells,
with predominant fibrosis. TRG 4 indicates residual can-
cer outgrowing fibrosis. TRG 5 is the absence of regressive
changes. Patients with a TRG 1 or 2 score were considered
as responders, whereas the remaining patients (TRG 3, 4, or
5) were classified as non-responders. Patients with TRG 1
were considered with pathological complete response while
patients with TRG 2-5 were considered with incomplete
pathological response [18].

Statistical analysis

All quantitative data values were expressed as medi-
ans + standard deviation (SD). Tumor perfusion and dif-
fusion percentage changes between responder and non-
responder patients and between pathological complete and
incomplete response were analyzed using the Mann—Whit-
ney test. Receiver operating characteristic (ROC) curves
were also used to compare the diagnostic performance of
SIS and diffusion parameters percentage change. Area under
ROC curve (AUC) was calculated, and optimal thresholds
were obtained maximizing the Youden index. Sensitivity,
specificity, positive predictive value (PPV), negative predic-
tive value (NPV), and accuracy were performed considering
optimal cutoff values. Fisher exact tests were used to investi-
gate whether results were statistically significant.

Moreover, a linear classifier was used to assess the diag-
nostic performance of each parameters couple combinations
using percentage change of single parameter before and after
treatment (Af&AD,,, Af&AD,, AD,&AD,, SIS&AADC,
SIS&Af, SIS&AD,, SIS&D,,, AADC&Af, AADC&AD,,
AADC&D,) and of all extracted parameters obtaining the
sensitivity, specificity, PPV, NPV, and accuracy.

McNemar test was performed to evaluate difference in
diagnostic performance of SIS versus DWI derived param-
eters performance.

A p value < 0.05 was considered significant for all tests.
All analyses were performed using Statistics Toolbox of
Matlab R2007a (The Math-Works Inc., Natick, MA).

Results

All patients in our series had rectal adenocarcinomas.
Three patients were pathologically classified as TO, six
as T1, 21 as T2, and five as T3. There were seven patients
with a TRG 1, nine with a TRG 2, 11 with a TRG 3, eight
with a TRG 4, and none with a TRG 5. Therefore, 16
patients were classified as responders, 19 as not respond-
ers, and seven patients as complete responders by TRG.

Mann—Whitney test showed statistically significant
differences exclusively for SIS percentage change median
values between responder and non-responder patients and
between complete and incomplete pathological response
(p value <« 0.001). Median values for SIS and DWI
derived parameters percentage change for responder and
non-responder patients based on TRG were reported in
Table 3. Table 4 shows performance of SIS change and dif-
fusion parameters change while Table 5 shows the perfor-
mance of each parameters couple combinations (Af&AD,,
Af&AD,, AD,&AD,, SIS&AADC, SIS&Af, SIS&AD,,
SIS&D,, AADC&Af, AADC&AD,, AADC&D,) to dif-
ferentiate responders from non-responders group and to
discriminate complete pathological response from incom-
plete pathological response. Results were statistically sig-
nificant for each parameter alone and for each combina-
tion of two parameters (Fisher test p < 0.01). Diagnostic
performance of SIS to assess preoperative SCR response
was statistically significant compared to AADC, Af, AD,
and AD, performances resulting in an increase of sensi-
tivity and specificity (p < 0.05 at McNemar test). Couple
combinations of parameters or linear combination of all
MR-derived parameters did not increase the diagnostic
performance compared to SIS for both discrimination
analyses (responders versus non-responders and patho-
logical complete response versus incomplete response).
Linear combination of all MR-derived parameters obtained
an accuracy of 86 and 83%, respectively, to discriminate
responder patients and pathological complete response
after SCR.

Figure 1a shows ROC analysis for SIS and DWI derived
parameters change to discriminate responders from

Table 3 SIS change and diffusion parameters change median values for responder and non-responder group

AADC (%) AF (%) AD, (%) AD, (%) SIS (%)
Non-responders (1 = 16) 23.40 + 14.60 —17.58 + 85.33 — 18.89 + 13527 31.81 +29.60 —32.96 + 53.49
Responders (1 = 19) 35.40 + 18.10 —20.90 + 95.96 —29.28 + 131.40 25.96 + 138.35 86.82 + 51.80
All 24.96 + 16.64 —17.58 + 16.64 — 18.89 + 89.09 31.16 + 131.64 15.57 + 78.20
p value 0.15 0.87 0.84 0.74 < 0.001

Results are expressed as median value + SD
* Mann—Witney test
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Table 4 Performance of SIS

o AUC Sensitivity Specificity PPV NPV Accuracy Cutoff

change and diffusion parameters

change Performance to discriminate responders from non-responders group
AADC 0.64 0.56 0.84 0.75 0.70 0.71 34.27
Af 0.48 0.38 0.74 0.55 0.58 0.57 36.48
AD, 0.52 0.50 0.63 0.53 0.60 0.57 —10.93
AD, 0.47 0.19 0.95 0.75 0.58 0.60 61.67
SIS 0.94 0.94 0.84 0.83 0.94 0.89 —7.76
Performance to discriminate complete pathological response from incomplete response
AADC 0.63 0.57 0.82 0.44 0.88 0.77 36.38
Af 0.63 0.57 0.82 0.44 0.88 0.77 42.19
ADp 0.32 1.00 0.14 0.23 1.00 0.31 —276.49
AD, 0.55 0.43 0.96 0.75 0.87 0.86 61.67
SIS 0.88 0.86 0.89 0.67 0.96 0.89 68.22

AUC area under curve, PPV positive predictive value, NPV negative predictive value

Table5 Performance of combinations of SIS with the diffusion
parameters change

Sensitivity  Specificity PPV NPV  Accuracy

Performance to discriminate responders from non-responders group

SIS&AADC 0.94 0.84 0.83 094 0.89
SIS&Af 0.88 0.84 0.82 0.89 0.86
SIS&AD, 0.88 0.84 0.82 0.89 0.86
SIS&AD, 0.81 0.89 0.87 0.85 0.86
AD &Af 0.44 0.63 0.50 0.57 0.54
AD&Af 0.38 0.68 0.50 0.57 0.54
AD&AD, 0.44 0.79 0.64 0.63 0.63
AADC&Af 0.63 0.63 0.59 0.67 0.63
AADC&AD,  0.63 0.63 0.59 0.67 0.63
AADC&AD,  0.63 0.74 0.67 0.70 0.69
All parameters 0.88 0.84 0.82 0.89 0.86

Performance to discriminate complete pathological response from
incomplete response

SIS&AADC 0.86 0.75 046 095 0.77
SIS&Af 0.86 0.82 0.55 096 0.83
SIS&AD, 0.86 0.82 0.55 096 0.83
SIS&AD, 0.86 0.79 0.50 0.96 0.80
AD &Af 0.71 0.68 036 090 0.69
AD&Af 0.43 0.68 025 0.83 0.63
AD&AD, 0.43 0.79 033 085 0.71
AADC&Af 0.43 0.64 0.23 0.82 0.60
AADC&AD, 057 0.71 033 0.87 0.69
AADC&AD,  0.57 0.75 036 0.88 0.71
All parameters  0.71 0.86 056 092 0.83

non-responders while Fig. 1b shows ROC analysis for SIS
and diffusion parameters change to detect complete patho-
logical response versus incomplete pathological response.

We reported representative MR images for responder
and non-responder patients exclusively for SIS and AADC

@ Springer

because these were the only quantitative MR parameters
with high diagnostic accuracy to assess SCR response.
Figures 2 and 3 show DCE-MRI images and SIS analysis
for a responder and a non-responder patient: TRG = 1 and
SIS = 70% and TRG = 4 and SIS = — 31%, respectively.
Figures 4 and 5 show DW-MRI images and ADC map for
a responder and a non-responder patient (TRG = 2 and
TRG = 3, respectively).

Discussion and conclusions

In recent years, there has been growing interest in func-
tional imaging modalities to increase diagnostic accuracy
for therapy response assessment. These imaging modalities
reflect the microstructural and metabolic properties of the
tumor, allowing the evaluation of treatment-induced changes
before morphological changes become apparent. DCE-MRI
and DWI have emerged as powerful tools to predict and
assess neoadjuvant therapy response for rectal cancer. In
fact, DCE-MRI and DW-MRI after preoperative CRT were
shown to be more valuable than morphologic MR imaging
to recognize pathological significant and complete response
and to discriminate viable residual tumor.

Objective of this study is to determine the diagnostic
performance of DCE and DW imaging for the assessment
of tumor response after SCRDS in patients with LARC
using Standardized Index of Shape obtained by DCE-MRI
and using ADC and intravoxel incoherent motion-derived
parameters obtained by DW-MRI and their combinations. To
the best of our knowledge, there are no studies in literature
focused on comparison of DCE-MRI and DWI and their
combination in locally advanced rectal cancer after SCRDS.

There are many studies that evaluate the single modal-
ity, DCE and DWI, in preoperative long CRT assess-
ment [18-21, 36-38]. In our previously studies [18], we
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Fig.2 DCE-MRI images and
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demonstrated the ability of DCE-MRI using the Stand-
ardized Index of Shape to discriminate responder patients
from non-responder patients and pathological complete

tumor response after CRT in LARC with a good accuracy
also when compared to FDG-PET examination [39]. Sev-
eral studies demonstrated the role of diffusion-weighted
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Fig.3 DCE-MRI images

and SIS analysis for a non-
responder pre- (a—c) and post-
treatment (d—f): TRG = 4 and
SIS=-31%

imaging in LARC for early and late assessment of therapy
response [36-38], and several studies evaluated the use
of IVIM to elaborate DW-data in different kind of tumors
[26-29, 40]. Choi et al. [36] demonstrated that ADC values
have significant difference between pathological complete
response and non-pathological complete response groups,
demonstrating the utility of the ADC value as a quantitative
objective biomarker in rectal cancer. Moreover, there are
some studies with the aim to assess tumor response after
SCR using metabolic change evaluations by FDG-PET
with contrasting results [41-44]. Two studies [43, 44] have
analyzed the responses to SCR in LARC, documenting no
significant metabolic responses to SCR, while Pecori et al.
[42] demonstrated that in the course of SCR, it is possible to
estimate the probabilities of pathological tumor responses on
the basis of logistic regression analysis of PET/CT param-
eters derived from three sequential studies.

Our findings showed that on the basis of only two MRI
studies (basal and preparatory), there were statistically sig-
nificant differences in SIS values between responders and
non-responder patients and between complete and incom-
plete pathological response (p < 0.01 at Mann—Whitney
test) while for ADC and IVIM-derived parameters percent-
age change, there were no statistically significant differences.
The best parameters to discriminate responder patients from
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non-responder patients by ROC analysis were SIS with a
sensitivity of 94%, a specificity of 84%, and an accuracy
of 89% using a cutoff value of — 7.8%. SIS obtained the
best diagnostic performance also to differentiate complete
complete pathological response from incomplete patho-
logical response with a sensitivity of 86%, a specificity of
89%, and an accuracy of 89% using a cutoff value of 68.2%.
Diagnostic performance of SIS to assess preoperative SCR
response was statistically significant compared to AADC,
Af, AD,, and AD,, performances, resulting in an increase
of sensitivity and specificity (p < 0.05 at McNemar test).
However, also, AADC showed a good diagnostic accuracy
of 71.0% with a sensitivity of 56.0% and a specificity of
84.0% in discrimination of responders by non-responders
and an accuracy of 77% with a sensitivity of 57.0% and a
specificity of 82.0% to differentiate complete pathological
response from incomplete pathological response after SCR.
Moreover, also the pure diffusion coefficient (D,) derived
by IVIM analysis showed an high accuracy (86%) to dis-
criminate complete pathological response from incomplete
pathological response. Instead, couple combinations of
parameters or linear combination of all MR-derived param-
eters did not increase the diagnostic performance compared
to SIS for both discrimination analyses (responders versus
non-responders and pathological complete response versus
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Fig.4 DW-MRI images and ADC map for a responder pre (a—h) and post-treatment (i-r): TRG = 2 and AADC = 36%

incomplete response). Our results are comparable to those
reported in recent literature such as the findings of Nougaret
et al. [38]; these demonstrated that ADC values obtained
after long CRT were useful for discrimination between good
and poor responders. However, the Standardized Index of
Shape, a simple quantitative parameters representative of tis-
sue vascularization, showed the best results to assess tumor
response after SCR.

Further studies are necessary to evaluate whether the
combination of different functional imaging techniques
may increase the specificity therapy response after SCR
as already demonstrated by Lambrecht et al. [45] with the
combination of 18F-FDG PET/CT with pre-treatment DWI
to increase the specificity of response assessment. However,
our results in SCRDS showed that combining SIS and diffu-
sion parameters using a linear classifier no improvement of

diagnostic performance was obtained respect to SIS alone.
SIS alone, with a simple formulas, allows to accurately
assess the SCR response prior to surgery.

Some potential limitations deserve a special considera-
tion: Two radiologists evaluated the MR images by con-
sensus and in a single session per patient so that the intra-
observer variability was not assessed. A more extensive
patient panel would probably strengthen the power of SIS
in SCR therapy assessment. A reproducibility analysis of
IVIM-derived parameters was not performed; however, the
use of median values for each DCE- and DW parameters
extracted by volume of interest allows obtaining more robust
measures.

In conclusion, the Standardized Index of Shape is a
hopeful DCE-MRI angiogenic biomarker to assess pre-
operative treatment response after SCR with delayed
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Fig.5 DW-MRI images and ADC map for a non-responder pre- (a—h) and post-treatment (i-r): TRG = 4 and AADC = 8%

surgery, and it permits to discriminate pathological com-
plete response allowing to direct surgery for tailored and
conservative treatment.
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