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Abstract

Aim: Magnetic Resonance Imaging (MRI) is used to evaluate response in neoadjuvant
treatment of rectal cancer, and the predictive value of MRI results is important for clin-
ical decisions. The neoadjuvant rectal cancer (NAR) score is the most commonly used
score developed for this purpose. This study aimed to evaluate the power of the NAR
score in predicting prognosis in patients with locally advanced rectal cancer who received
neoadjuvant chemoradiotherapy treatment in two different centers.
Materials and Methods: The data of 85 patients diagnosed with locally advanced
rectal cancer who received neoadjuvant chemoradiotherapy and whose treatment-follow-
up information can be accessed were evaluated retrospectively, and NAR scores were
calculated. Patients were divided into two groups according to NAR score (score ≤16 and
patients with > 16), and overall survival (OS) and disease-free survival (DFS) results
were compared.
Results: The median follow-up was 25 (1.3-56) months from the end of RT. The 13
patients died, 72 patients were alive, and relapse was observed in 25 patients. Patients’
median OS was 28 months (range 4-59), median DFS was 24 (1-59) months. In patients
with NAR ≤16, median OS was 27 (3-59) months; in patients with NAR > 16, median
OS was 24 (5-54) months (0.057). In patients with NAR ≤16, median DFS was 23 (1-59)
months; In patients with NAR > 16, median DFS was 21 (4-54) (p0.003, HR 3.2, 95% CI
1.4-7.3 ). A statistically significantly lower recurrence was observed in the patient group
with NAR ≤16 (p < 0.001, HR 2.03, CI 95% 1.2-3.2). A statistically significant lower
exitus was seen in the patient group with NAR ≤16 (p0.040, HR 1.7, CI 95% 0.89-3.5).
Conclusion: Consistent with the literature in our study, significantly higher DFS and
lower recurrence and death rates were observed in low NAR scores.

Copyright © 2022 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction
Colorectal cancers are the most common gastrointestinal
tract tumors and the third most common type of cancer
worldwide. Rectal cancers constitute one-third of these
cancers [1]. In recent years, advances in surgical techniques
and neoadjuvant/adjuvant treatment modalities have re-
sulted in improvements in the treatment of locally ad-
vanced rectal cancer (LARC) [2]. However, a prolonged
survival expectancy makes it necessary to develop more
successful and less morbid treatment modalities in rectal
cancer management.
In rectal cancer treatment studies, disease-free survival
(DFS) and overall survival (OS) were used as endpoints
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to assess the success of the treatment modality. Because
of the long time to reach these endpoints and the delay in
evaluating studies, researchers have focused on developing
different endpoints and predictive formulas that could give
information in a short time after neoadjuvant therapy. [3,
4, 5, 6]. On the other hand, response assessment obtained
in the pathology specimen has also been used as a popu-
lar endpoint to predict the disease’s prognosis and survival
[7, 8]. The neoadjuvant Rectal Cancer Score (NAR score)
is the most widely used and frequently validated formula
among the predictive formulas developed [9].

This scoring system was developed for patients who un-
derwent surgery 6-8 weeks after neoadjuvant chemoradio-
therapy (CRT). It has also been validated in rectal cancer
cases where other treatment approaches were applied [7-
9]. The parameters evaluated in the NAR score are clinical
T stage, pathological T, and N stages. In this respect, it
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provides ease of use. The NAR score gives a value between
0 and 100, and the complete response is equal to 0, while
100 points indicate disease progression. Consequently, a
lower NAR score is associated with a better prognosis.
Although the underlying cause of stratification was not
clearly stated, < 8 points are defined as a low-risk group,
8-16 points as a medium risk group, and > 16 points as a
high-risk group disease [3].
MRI response to chemoradiotherapy is crucial in the
neoadjuvant treatment of rectal cancer. The clinical deci-
sions are made for the patient based on the MRI results.
However, to what extent the MRI response parallels the
pathological response; this information is the key ques-
tion. This study is aimed to retrospectively examine the
treatment results of patients with locally advanced rectal
cancer receiving treatment in our clinic, to evaluate the
importance of NAR score in determining the prognosis of
patients, and accordingly, to decide the use of this score
in patients with locally advanced rectal cancer.

Materials and Methods
Patients who were operated within 6-8 weeks after neoad-
juvant chemoradiotherapy for locally advanced rectal can-
cer in two radiotherapy clinics between August 2010 and
January 2019 were retrospectively evaluated. The data
of 85 patients whose treatment and follow-up data could
be accessed were analyzed. Patient interview information,
files, treatment plans, and electronic data systems were
used to collect data. The patients’ demographic informa-
tion, tumor localization, clinical and pathological stage of
the disease, applied treatment, treatment response, and fi-
nal disease and patient status were noted. Ethics commit-
tee approval for the study was obtained from the “Ankara
City Hospital Clinical Research Ethics Committee No. 1”
with the decision numbered E1-21-1915.

Patient selection
Patients with a diagnosis of pathologically proven adeno-
carcinoma, aged 18 years and over, who were operated on
6-8 weeks after receiving long-term CRT treatment for lo-
cally advanced rectal cancer, according to AJCC 7 tumor
staging, whose treatment and follow-up information can
be obtained, were included in the study. The definition
of rectum cancer includes tumors located 15 cm from the
anal verge. Patients with secondary malignancies, known
diseases such as familial adenomatous polyposis coli syn-
drome, Lynch syndrome, operated under emergency con-
ditions due to obstruction, and operated after short-term
RT were not included in analysis.

Patient assessment and imaging
In the patients’ initial evaluation, digital rectal exami-
nation, thoracic-abdominal and pelvic computed tomog-
raphy (CT), colonoscopy, and pelvic magnetic resonance
imaging (MRI) were obtained as standard and endorectal
USG and PET CT were requested some patients if deemed
necessary by the clinician. Although MRI was not required
for clinical staging in NAR score, pelvic MRI imaging of all
patients included in the analysis was obtained, and clinical
staging was done accordingly.

After CRT, the follow-up of the patients was done im-
mediately before the surgery, in obtaining the pathology
report, and in the following 3-month periods. The follow-
up period of patients who completed two years without
recurrence was increased to six months.

The primary endpoint
The study’s primary endpoint was to examine the predic-
tive value of MRI in the follow-up of patients with rectal
cancer. For this purpose, the relationship between NAR
score and oncological outcomes was examined. Oncologi-
cal outcomes were OS, PFS, local recurrence, and disease-
related exitus. The date of diagnosis was accepted as the
starting date for OS and PFS. The endpoint for OS was
the last control date for surviving patients, ex-date for pa-
tients who died. The endpoint for DFS was the date of
progression for patients who progressed, the date of last
control for patients who survived, and the date of exitus
for patients who died.

Treatment
Simulations of the patients were performed with 2.5 mm
slice thickness CT images. It is aimed to have an empty
rectum of the patient before simulation. Due to the
intensity-modulated radiotherapy (IMRT) applied to most
patients, each patient’s amount of water consumed and
the waiting time are specially recorded in determining the
bladder fullness. The same conditions are tried to be pro-
vided during the treatment process. RT was administered
at 1.8-2 Gy / fraction daily for 45-50.4 Gy. Chemotherapy
regimens applied concurrently with radiotherapy; contin-
uous infusional 5-FU from 225mg / m2 / week or oral
capecitabine 825 mg/m2 twice a day in equally divided
doses. Patients who completed the CRT were operated on
within 6-8 weeks after the MR evaluation.

Calculation of neoadjuvant rectal cancer score
The patients included in the study were staged with the
imaging and examination information obtained clinically,
and their stages obtained from the pathological specimen
were also recorded. In calculating the NAR score, the
formula NAR = [5 pN - 3 (cT - pT) + 12] 2 / 9.61 was
used [3].

Statistical analysis
This study aims to examine the predictive value of the
NAR score in determining the prognosis of patients with
rectal cancer. The relationship between the calculated
NAR score of the patients and OS, DFS, development of
local recurrence, and mortality due to the disease is eval-
uated. OS is defined as the time between pathologic di-
agnosis and death from any cause. DFS is defined as the
time between pathologic diagnosis and the recurrence at
any location (distant or local).
Descriptive statistics for continuous (quantitative) vari-
ables are expressed as mean, standard deviation,
minimum-maximum, and median values, while categori-
cal variables are expressed as number (n) and ratio (%).
Chi-square and Fisher’s exact test calculated categorical
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Table 1. Patients demographics and treatment details

Gender

Female 33 38.8%
Male 52 61.2%

Age
< 65 years 56 65.9%
≥ 65 years 29 34.1%

cT Stage *
cT2 3 3.6%
cT3 60 72.3%
cT4 20 24.1%

pT Stage **
pT0 13 15.5%
pT1 4 4.8%
pT2 18 21.4%
pT3 44 52.4%
pT4 5 6%

cN Stage***
cN0 6 8%
cN1 32 42.7%
cN2 37 49.3%

pN Stage**
pN0 58 69%
pN1 12 14.3%
pN2 14 16.7%

cM
cM0 79 89.7%
cM1a 6 10.3%

Recurrence
Local 3 12%
Systemic 17 68%
Local+ Systemic 5 20%

Last Status
Alive 72 84.5%
Ex 13 15.5%

Abbr: T=Tumoral Stage, N=Nodal Stage, M= Metastasis, *Two data
is missing, ** One data is missing, *** Ten data is missing

demographic characteristics of the patients. The odds ra-
tio between variables was calculated by binary logistic re-
gression analysis. Kaplan Meier test was used in univariate
survey analyzes, and a comparison was made using the log-
rank test. The Cox regression test was used in multivariate
analysis. Hazard ratio (HR) and 95% confidence interval
(CI) values of significant results were noted. If HR > 1,
it is accepted that there is an increased relative risk com-
pared to the reference category. Analyzes were made with
IBM SPSS Package Program version 22.0 (IBM Corpora-
tion, Armonk, NY, USA), and the statistical significance
level was accepted as p ≤0.05.

Results
Results of 85 rectal cancer patients who received neoadju-
vant chemoradiotherapy for curative purposes were evalu-
ated retrospectively. The median age of patients was 63
(range 32-86). 52 (61.2%) were male, and 33 (38.8%) were
female. While 72.3% of patients had cT3, only 3.6% of
patients had cT2 tumors. When evaluated in terms of the
cN stage, 49.3% of patients had cN2 disease. It was found

Figure 1. Kaplan meier results for OS analysis

Figure 2. Kaplan meier results for DFS analysis

that oral capecitabine treatment (86.2%) was frequently
preferred as concurrent chemotherapy. Patient character-
istics and treatment details are summarized in Table 1.
The median NAR value was 14.9 (range 0- 65), 57 (69.5%)
of the patients had a NAR score of 16 or below; it was over
16 in 25 (30.5%) patients.
The median follow-up period was 25 (1.3-56) months from
the end of RT. During the follow-up period, 13 patients
died, and 72 patients were alive. Besides, relapse was ob-
served in 25 patients. Patients’ median OS was 28 months
(range 4-59), 1-year OS 96.2%; 2-year OS is 84.6% . Me-
dian DFS 24 (1-59); 1-year DFS 82.6%; The 2-year DFS
is 73.7% (Figure 1 and 2).
The median NAR value is 14.9 (range 0-65). Due to the
small number of patients and the relatively low number of
cases with NAR score below 8, the evaluation was made
between the two groups as cases with a score of 16 or less
and cases with a score above 16. NAR score of 16 or less
in 57 (69.5%) of the patients; It is over 16 in 25 (30.5%)
patients. In patients with NAR ≤16, the median OS was
27 (3-59) months; in patients with NAR > 16, the median
OS was 24 (5-54) months. In the median 2-year follow-up
period, a 3-month overall survival advantage was observed
in the patient group with a low NAR-group, but the dif-
ference was not statistically significant even though it was
close to the limit (0.057). This difference may become sig-
nificant if the follow-up period is prolonged or the number
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Table 2. Results of NAR and OS/DFS analysis

NAR≤16 NAR > 16 Univariate analysis Multivariate analysis

Median (Range) mo Median(Range) mo p p HR 95% CI
OS 27 (3-59) 24 (5-54) 0.057 0.069 2.9 0.9-9.1
DFS 23 (1-59) 21 (4-54) 0.003 0.005 3.2 1.4-7.3

Abbr: NAR=Neoadjuvant Rectal Score, OS=Overall Survey, DFS= Disease Free Survey, HR= Hazard Ratio, CI= Confidence Interval, Mo=
months

Table 3. The results of NAR and recurrence analysis

NAR Score Total

NAR≤16 NAR > 16 χ2 p
HR

(95%CI)

Recurrence Negative N 46 9 55 6300 < 0.001
2.03

(1.2-3.2)

Row percentage %83.6 %16.4 %100,0

Column

percentage
%80.7 %36 %67.1

Positive N 11 16 27

Row percentage %40.7 %59.3 %100,0

Column

percentage
%19.3 %64 %32.9

Total N 57 25

Row percentage %69.5 %30.5 %100.0

Column

percentage
%100,0 %100,0 %100.0

Abbr: NAR=Neoadjuvant Rectal Score, OR= Odds Ratio, CI= Confidence Interval
* Chi-Square Test (Fisher’s Exact Test)

Table 4. The results of NAR and exitus analysis

NAR Score Total
NAR≤16 NAR > 16 χ2 p HR (95%CI)

Last Status Alive N 51 18 69 4981 0.040
1.7
(0.89-3.5)

Row percentage %73.9 %26.1 %100.0
Column percentage %91.1 %72 %85.2

Exitus N 5 7 12
Row percentage %41.7 %58.3 %100.0
Column percentage %8.9 %28 %14.8

Total N 56 25
Row percentage %69.1 %30.9 %100.0
Column percentage %100,0 %100,0 %100.0

Abbr: NAR=Neoadjuvant Rectal Score, OR= Odds Ratio, CI= Confidence Interval,
* Chi-Square Test (Fisher’s Exact Test)

of patients increases. In patients with NAR ≤16, the me-
dian DFS was 23 (1-59) months; in patients with NAR >
16, the median DFS was 21 (4-54) (p0.003, HR 3.2, 95%
CI 1.4-7.3 ) (Table 2).
During the follow-up, 11 (19.3%) of the patients with NAR
≤16 had recurrence; In patients with NAR > 16, 16 (64%)
recurrences were observed. In addition, 59.3% of all recur-
rences are in the patient group with NAR > 16. A statis-
tically significantly lower recurrence was observed in the
patient group with NAR ≤16 (p < 0.001, HR 2.03, CI 95%
1.2-3.2) (Table 3).

In patients with NAR ≤16, a total of 5 (8.9%) were ex,
and in the group with NAR > 16, 7 (28%) were ex. In
addition, 58.3% of all deaths were in the patient group
with NAR > 16. A statistically significant lower exitus
was seen in the patient group with NAR ≤16 (p0.040, HR
1.7, CI 95% 0.89-3.5) (Table 4).

Discussion
In our study, 85 patients who received neoadjuvant CRT
were analyzed retrospectively, with a median follow-up of
two years. Consistent with the literature, a low NAR value
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was associated with better oncological results in the cur-
rent study. The low NAR group had statistically signifi-
cantly higher DFS and less recurrence and death. During
the 2-year follow-up period, a 3-month survival advantage
was observed in the patient group with a low NAR value
(0.057). The insignificance of the difference may be due to
the short follow-up period or the small number of patients.
In developing new methods and treatment schemes for the
treatment of rectal cancer, producing short-term surro-
gate endpoints that would effectively evaluate the success
of treatment in studies is essential to accelerate the de-
velopments in this area. For this purpose, a parameter
used in randomized controlled studies is the presence of
complete pathological response. Although many studies
have previously reported that the prognosis is better in
patients with a complete pathological response [7,8,10], its
failure to evaluate the disease’s regression information and
the time taken for this regression reduce this parameter’s
predictive power in determining the prognosis [7-10].
Various pathological tumor regression grading systems
have also been developed to evaluate complete pathological
responses [11-14]. Although successful results are reported
with these grading systems in predicting prognosis, they
contain subjective parameters and lack of standardization
between them, limiting their use, especially in multi-center
studies. On the other hand, nomograms have also been
developed to predict the prognosis of patients diagnosed
with locally advanced rectal cancer. The most popular of
them developed by Valentini et al. in 2011, the c-index
of the nomogram was found to be high in determining lo-
cal recurrence, distant metastasis development, and over-
all survival [6]. In predicting overall survival, clinical T
stage, pathological nodal stage, pathological T stage, pa-
tient age, adjuvant chemotherapy administration, type of
surgery, radiotherapy dose, and gender are the parameters
involved in this calculation model.
The NAR score was developed using the cT, pT, and
pN parameters, essential in Valentini’s nomogram model.
Since this newly developed nomogram would only be used
in patients who will receive neoadjuvant therapy, other
parameters are not included in the calculation. [3]. Thus,
this prognostic scoring system that provides ease of clini-
cal use has been achieved. On the other hand, the study
was not clearly stated according to the scoring determined
when creating the risk groups and how the coefficients were
selected.
The first validation of the NAR score was made by the
researchers who developed the formula with the NSABP
R-04 study patient group results. 1479 stage 2-3 rectal
cancer patients enrolled in this study were randomized
into four arms using different radiosensitizer chemother-
apy schemes. A strong relationship was found between
the overall survival data of the study and the NAR risk
groups of the patients (p < 0.0001), and the same study
reported that the NAR score had a more substantial pre-
dictive power than the complete pathological response [3].
The importance of the NAR score in predicting disease-
free survival was demonstrated in 2018 by validation with
the CAO / ARO / AIO-04 randomized phase III trial [15].
In this study, a NAR score of 1191 patients could be ob-
tained. NAR scores tend to be lower in the 5FU / OX

CRT arm (5FU CRT vs 5FU / OX CRT p = 0.034). Also,
a high NAR score was associated with increased patient
age, clinical lymph node positivity, and the presence of
poorly differentiated tumors. Correlation between NAR
and DFS data in multivariate analysis was again shown.
In the recently published study of Lim et al., NAR score
risk grouping validation was performed with long-term re-
sults [16]. The relationship between the data of 397 pa-
tients treated between 2004-2012 and the NAR score risk
groups was evaluated. Lower OS and DFS were reported
in high-risk group patients at a median follow-up of 76
months (p = 0.011 and P = 0.008). The results of this
study are important in terms of validation with long-term
results.
Although the NAR score is a formula developed to evaluate
patients who underwent surgery 6-8 weeks after neoadju-
vant CRT, average NAR scores were compared in patients
in the newly published study of Imam et al. [9] who ap-
plied different neoadjuvant treatment schemes. The pa-
tients were divided into four arms according to the treat-
ment schemes (1. Short-term RT-surgery at 3-8 weeks, 2.
Short-term RT/surgery at 8-17 weeks, 3. CRT / surgery
at 6-8 weeks, and 4. CRT / surgery at 8-17 weeks.). Al-
though the relationship between NAR score and OS was
demonstrated in all groups, the most substantial relation-
ship was observed in the third CRT + surgery arm, which
contains characteristics similar to the group in which the
formulation was developed. The association was demon-
strated more effectively in low and high-risk groups, while
this was not valid in all groups for the intermediate-risk
group. The studies in which the NAR score was validated
are summarized in Table 3.
Contrary to all these studies, a study showing a lack of
NAR scores to predictive value with extensive patient data
was reported using the Dutch Cancer Registry [17]. Treat-
ment results of 6596 patients who were treated with neoad-
juvant CRT and surgery were evaluated with different pre-
dictive parameters. The compatibility of NAR score, only
pT, and only pN parameters with overall survival was com-
pared with various models. It was reported that the NAR
score was not superior to other parameters. Although
there is a contradiction between the publications regard-
ing the NAR score’s predictive power, most studies have
found that the NAR score has a high predictive feature.
Although this study is a single-center retrospective study
and the number of patients is relatively low are the weak-
nesses of the study, it is important to us that its predictive
effect was shown in a small number of cases. On the other
hand, oral capecitabine treatment was used as a radiosen-
sitizing agent in most patients in the study; It is valuable
in evaluating the use of the NAR score in these patients.

Conclusion

As supported by most of the literature publications, our
study showed that the NAR score could be used to predict
prognosis in rectal cancer patients who will receive neoad-
juvant treatment. Since the score is easy to use and can
get fast results, it is thought that it will be used to manage
personalized treatments, evaluate new treatment schemes,
and intensify treatment schemes according to prediction.
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