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Abstract

Background: Following neoadjuvant chemoradiation, 25% of patients with rectal
cancer experience pathologic complete response (pCR). With the appropriate imaging
method for this group of patients, it would be possible to use less invasive methods.
The aim of this study was to assess the ability of diffusion-weighted magnetic resonance
imaging to predict pCR after neoadjuvant chemoradiation in patients with rectal cancer.

Method: In this prospective study, 19 patients with rectal cancer were examined.
Magnetic resonance imaging of patients with diffusion-weighted imaging was performed
in two stages: one week before the start of chemoradiotherapy (CRT) and seven weeks
after the end of CRT to evaluate the results of treatment. Apparent diffusion coefficient
(ADC) was measured before and after treatment. The percentage of ADC (% AADC)
increment was also calculated. The patients were divided into three groups according
to the surgical report: complete responders, partial responders, and non-responders.
Optimal cut-off point was determined via ROC diagram.

Results: The mean age of the patients was 52.9 (29-73) years. There were no
significant associations between pre and postoperative ADC values and pCR. However,
% AADC had a significant relationship with complete response to treatment. Based
on the ROC chart, the value of 15% was selected as cut-off with 56% specificity and
67% sensitivity. The positive and negative predicting values were 77.8% and 40%,
respectively.

Conclusion: The mean %AADC increase seems to be a valid tool to differentiate
complete responders from non-responders after CRT in locally advanced rectal cancer.
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Introduction

According to the National Cancer Registry of
Iran, colorectal cancer is the fifth most common
cancer among men and the third most common
cancer among women.! In Western countries,
such as the United States, rectal cancer accounts
for about 25%-30% of all colorectal cancers,? but
in Iran, about 40%-50% of all colorectal cancers
originate in the rectum.! Age is one of the major
risk factors for rectal cancer. In various studies,
the peak age of this cancer has been mentioned
for about 50 years.? Surgery is an approved
treatment for advanced stages of rectal cancer.
Over the past decade, standard treatment for
advanced rectal cancer has shifted from
postoperative chemotherapy to preoperative
chemotherapy and radiotherapy. Neoadjuvant
chemoradiotherapy (CRT) have advantages, such
as pathologic complete response (pCR), reduction
of disease stage, and local control.* It also reduces
the need for surgery and increases sphincter
preservation.® Pathological improvement has been
confirmed in 20%-30% of patients treated with
CRT. Given that CRT treatment is a controversial
issue, researchers have reported long-term positive
outcomes in patients with advanced rectal cancer,
who have received a complete clinical response.®
To evaluate the response to CRT, accurate imaging
techniques are required and magnetic resonance
imaging (MRI) is often employed for this
purpose.” Common MRI imaging cannot be used
to predict a complete response to CRT.8 Diffusion-
weighted magnetic resonance imaging (DW-MRI)
has been applied for diagnosing rectal masses
since the 1990s. In recent years, researchers have
utilized this technique to determine the
effectiveness of CRT treatment in locally advanced
rectal cancers.””!® DW-MRI imaging shows
cellularity of the evaluated tissue. As a result,
this type of imaging plays a very important role
in oncological evaluations and has been proposed
as the primary method of evaluation after
neoadjuvant treatment. Following neoadjuvant
CRT, the morphology of normal intestinal tissue
is affected by fibrosis and it will be very difficult
to detect residual tumor tissue with conventional
MRI in T2 images. Primary therapeutic responses
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occur at the cellular level with a decrease in the
rate of cell proliferation or an increase in apoptosis
and a decrease in microvascularity. These indices
are identified by an increase in tumor apparent
diffusion coefticient (ADC). Therefore, DW-MRI
can quantitatively differentiate the remaining
tumor from fibrosis.!! According to studies, the
prediction of pCR in patients with rectal cancer
with CRT treatment with DW-MRI clinical method
in Iran has not been determined. To this end, this
study was performed.

Materials and Methods

In this diagnostic, prospective study, from May
2016 to October 2017, patients with rectal cancer,
who were referred to Imam Hossein Hospital,
were examined. Inclusion criteria were rectal
carcinoma in pathology, T3-4 stage, lymph node
involvement, no previous treatment or surgery,
lack of metastasis, and surgery after CRT.
Exclusion criteria were pathology other than
adenocarcinoma, metastatic patients, recurrent
rectal cancer, any contraindications to
chemotherapy and radiotherapy, and out-of-center
treatment. Neoadjuvant CRT was carried out with
a dose of 45 Gy, 23-25 fractions, with 18-10 mv
photon, external radiotherapy to the tumor, and
loco regional areas, including the internal iliac
lymph nodes and presacral with a boost to a
maximum of 50.4 Gy to the tumor, and
capecitabine 825 mg / m? twice daily
simultaneously. After CRT, the patients underwent
surgery. MRI of the patients was performed
through DW imaging. MRI with 1.5 Tesla
(Magnetom Avanto; Siemens Medical Solutions,
Erlangen, Germany) was carried out on T1
weighted and T2 weighted sections and at b-value
of 800 s / mm?. All the patients received MRI
twice: 1-One week before the start of CRT to
evaluate tumor stage and disease and lymph node
and 2-seven weeks after the end of CRT to check
the results of treatment. The patients’ imaging
was interpreted by an experienced radiologist.
After surgery, the patients who had no invasive
tumor in the tissue sample were placed in the
pCR group and those who had an invasive tumor
in the tissue sample were placed in the partial
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Table 1. Clinicopathologic factors of patients

Clinicopathologic Factors Number (n=19)

Y%

Male 10
Female 9
Tumor location

Lower 11
Mid

Upper 2
MRF

Positive 18
Negative 1
T Stage

T3 8
T4 11
N Stage

NO 1
N1 3
N2 15

52.6
47.4

57.9
36.6
10.5

94.7
53

42.1
57.9

5.3
15.8
78.9

MREF: Mesorectal fascia

response or no response group. In addition to
MRI results (including tumor stage, lymphatic
stage, disease stage, and ADC number), pathology
results and some demographic information,
including age and sex of patients, were recorded.
The increase in the ADC was calculated from the
formula (Average post-CRT ADC - Average pre-
CRT ADC value) / Average pre-CRT ADC value.
Ethical statement

The study was performed in accordance with
Declaration of Helsinki and was approved by the
Ethical Committee of Shahid Beheshti University
of Medical Sciences (ethics code:
IR.SBMU.MSP.REC.1397.99).

The patients were given a full explanation of
the study and a written consent was obtained.
Statistical analysis

All the statistical analyses were performed
with SPSS software. Quantitative data description
was conducted using mean (standard deviation)
and qualitative data by number (percentage).
Kolmogorov-Smirnov, Shapiro-Wilk tests, and
visual inspection of histograms were employed
to investigate the normal distribution of data. T-
test was used to compare the pathology and
imaging results and non-parametric data were
analyzed through Mann-Whitney U test. We also
utilized receiver operating characteristic (ROC)
curve applied to examine the ADC number
capability in pCR prediction and after determining

the appropriate cut-off, the diagnostic coefficients
of the ADC number, including sensitivity,
specificity, positive predicting value, negative
predicting value, and accuracy, were determined.
P < 0.05 was considered significant.

Results

Initially, 21 patients were included in the study.
During the study, one patient was excluded due
to a desire to continue treatment at another center
and one patient due to metastasis after neoadjuvant
treatment. The mean age among the 19 patients
(10 males and 9 females) was 52.9 years and
ranged from 29 to 73 years. Table 1 shows the
clinical and pathologic characteristics of patients.
In terms of tumor location, 11 patients had a
lower rectum, six patients had a middle rectum,
and two patients had an upper rectum tumor. All
the patients underwent surgery after CRT. The
surgical type was abdominal perineal resection
in four patients (21.1%) and low anterior resection
in 15 patients (78.9%).

All the patients underwent MRI one week
before the start of treatment. Second MRI was
performed seven weeks after the end of CRT to
evaluate the response to treatment. The response
to treatment was evaluated in both radiological
and pathological forms. In radiological
examinations, four patients (21.1%) had complete
response (CR) (Figure 1). After surgery and
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Table 2. Relationship between ADC and pathologic complete response

Pathologic N Mean Standard Standard P-value
response deviation error mean

Preoperative ADC Partial 13 0.73992 0.179782 0.049862 0.18
Complete 6 0.84633 0.073921 0.030178

Postoperative ADC Partial 13 0.99985 0.242166 0.067165 0.15
Complete 6 0.88900 0.073179 0.029875

AADC Partial 13 45.7151 62.65639 17.37775 0.0
Complete 6 5.8196 13.58303 5.54525

ADC: Apparent diffusion coefficient

pathological examinations, it was found that six
patients (31.6%) had pCR and 13 patients (68.4%)
had a partial response. In one patient, the
radiological evaluation and pathology results were
the same for CR. No progressive diseases were
reported in any of the patients. Circumferential
resection margin (CRM) involvement was reported
in seven patients (36.8%) following CRT. CRM
involvement was negative in all the patients after
surgery. There were no significant relationships
between the radiological response and the
pathological response of the patients (P > 0.05).

Quantitative analysis: Mean ADC levels in
pre- and post-CRT DW-MRIs were 0.77 x 10-3
and 0.96 x 1073, respectively. In addition, the
difference between the two ADCs (AADC) was
33%. Although there was no significant
relationship between pre- and post-CRT ADCs
and pCR, % AADC had a significant association
with complete response to treatment (P = 0.04).
The mean ADC before CRT, after CRT, and
AADC in patients with complete response and
partial response are represented in table 2. The
mean ADC was generally higher after CRT than
the pre-CRT ADC and the rate of increase was
higher than of those in patients with partial
response.

Appropriate cut-off: The AUC of the ROC
curve was reported to be 0.692. Based on the
ROC diagram, the value of 15%, with a specificity
of %56 and sensitivity of %67, was considered
as the appropriate cut-off point. Positive and
negative predicting values were 77.8% and 40%,
respectively.

Discussion
We investigated the value of using Diffusion

Weighted Imaging to examine the response to
treatment in patients with rectal cancer. 19 patients
with rectal cancer underwent neoadjuvant
chemotherapy and then surgery. Although there
was no significant relationship between pre- and
post-CRT ADCs with pCR, it was observed that
there is a significant correlation between AADC
and pCR. A cut-off with appropriate predictive
values was also determined.

Colorectal cancer is the fourth most common
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Figure 1. Diffusion imaging of a representative 57-year-old patient
with rectal tumor, a) before neoadjuvant chemoradiation, b) after
neoadjuvant chemoradiation. The patient had pathologic complete
response.
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cancer and the third leading cause of cancer death.
Rectal cancer is the eighth most common cancer
in the world.'>"13 In the patients with locally
advanced rectal cancer, surgery is the main
treatment and extensive surgery can be avoided,
if the patients who benefit from minor surgery
are identified. Preoperative treatment is now
applied as part of standard treatment for these
patients, but it may affect the accuracy of staging
procedures.!* Various studies have also been
conducted to find the predictors of response to
neoadjuvant therapy.!> Rectal MRI may be
valuable in patient care in different circumstances.
Before surgery, MRI can assist physicians in three
stages (a) selecting patients with rectal cancer
who can benefit from neoadjuvant treatment; (b)
assisting surgeons to choose the best type of
surgery for patients; and (c) recognizing poor
prognostic factors, including involvement of the
mesorectal fascia, extramural vascular invasion,
and mucin content.!%-!7 Following neoadjuvant
CRT, rectal MRI can assist in (a) the assessment
of tumor regression; (b) tailoring surgical planning;
(c) detecting a complete clinical response, in
which the digital rectal examinations and
endoscopic procedures are helpful; and (d)
monitoring non-surgical treatment in patients.!8
Although MRI today is an appropriate way to
stage advanced rectal cancers, it is poor at
evaluating the response to treatment and it is not
easy to distinguish necrotic tissue from living
tissue. One of the methods utilized to enhance
MRI images accuracy is Diffusion Weighted
Imaging.!® In this method, based on the diffusion
of water among the intracellular molecules, a
precise image of the tumor is obtained and the
difference in water diffusion can show contrast
in order to differentiate the tumor from normal
tissue. Cancer tissue, due to its higher density,
has a higher emission limit compared with non-
cancerous tissue; hence, it is possible to
differentiate cancerous tissue from non-cancerous
tissue.2?

In this study the pCR rate and the mean ADC
before and after chemotherapy were assessed.
No significant relationship between pre-CRT
ADC and pCR was found in the current work.

This result was similar to those of several
studies.?!"22 However, Chen et al. found that the
amount of ADC before and after CRT was
significantly different in pCR patients and non-
pCR patients (P = 0.003 and P < 0.001
respectively).23 In a study by Sun et al., performed
on 37 patients, the mean pre-CRT ADC in the
group with a tumor down staging was significantly
lower than that of the patients who did not respond
to treatment.?* One of the reasons for these
differences is the difference in the definition of
response to treatment in various studies. DeVries,
for example, has employed tumor shrinkage (50%
reduction in tumor size) as response to treatment.
In a study by Sun et al., the downstaging of the
tumor was the criterion for response. In addition,
the evaluated population in these studies was
generally low and no extensive research has been
conducted in this field. It was also found that
ADC levels after CRT were not significantly
associated with pCR (P = 0.15). Similar results
were obtained in several other studies.?> However,
these results were inconsistent with studies
reporting significant differences in ADC levels
after CRT in pCR and non-pCR patients.?! 26
Meanwhile, these studies reported a low value
for ADC after chemotherapy in predicting pCR.
One of the reasons for this could be the overlap
of ADC in pCR and near pCR patients. In our
work, it was found that the rate of %AADC was
significantly associated with the response to
treatment (P = 0.04). Based on the ROC chart,
the sensitivity and specificity of this variable in
PCR prediction with a cut-off value of 15% were
calculated as 67% and 56%, respectively. AADC%
has been introduced in numerous studies as a
factor for predicting pCR.27-28 Moreover, in a
meta-analysis, AADC% was identified as the
strongest predictor of pCR in locally advanced
rectal cancer.?” In calculating the sensitivity and
specificity of AADCY%, a significant difference
between various studies is observed due to various
factors, the most relevant of which seems to be
the definition of responder group (pCR or
downstaging). Other factors, such as magnetic
field strength and MRI protocol (different b
values), scanners, coil systems, different ADC
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measurement methods along with study population
and design, and operator dependence on ROI
positioning, should also be considered.

This study has several limitations. First, the
number of the studied patients was small and
perhaps with the increase in the number of
patients, a significant relationship could be found
between ADC after CRT and response to
treatment. In addition, although the ADC was
reported by an expert radiologist, several studies
have used reports from two radiologists to prevent
possible errors.

Conclusion

Based on the results of this research, the level
of ADC before and after CRT in patients with
rectal cancer is not significantly associated with
a complete pathological response. However, the
percentage of ADC increment has a significant
association with the complete pathological
response of the tumor and can be employed as a
predictive factor in response to treatment.
Therefore, it seems that this factor can be used
to predict the response to neoadjuvant
chemoradiation and complications of this
treatment in patients with a low probability of
pCR can be avoided. Meanwhile, studies with
more patients are needed to evaluate this
relationship more accurately.
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