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Abstract

Background: Colorectal carcinoma is one of most common cancers in Iran with increasing incidence. The mean age of the affected
is decreasing. With progresses in multimodality treatment, we witnessed improved prognosis in colorectal cancers.

Objectives: This study aimed at evaluating the outcomes of patients with rectal adenocarcinoma treated with neoadjuvant
chemoradiotherapy followed by surgery.

Methods: In this retrospective cohort study, we assessed the oncologic treatment outcomes of patients with locally advanced (T3-4
or N+ve) rectal adenocarcinoma in our high volume cancer center, Iran cancer institute, Tehran, Iran. Patients with synchronous
metastasis, previous malignancy, and history of pelvic radiation were excluded. The primary endpoint was overall survival (OS) rate
and secondary endpoints were disease-free survival and pathologic response.

Results: Of patients being treated between 2008 and 2014, 158 were entered to final analysis; they completed planned neoadjuvant
treatment and retuned after surgery with pathology report. The mean age was 56 years and mean interval from radiotherapy to
surgery was 9 weeks. Thirty percent achieved pathologic complete response. Two-year overall and disease-free survival rate was
87% and 80%, respectively. In multivariate analysis age, sex, local recurrence, clinical stage, and radiotherapy to surgery interval
failed to predict OS. The pathologic response (complete vs. non-complete) and the absence of distant metastasis were independent
predictors of OS.

Conclusions: The rate of pathologic response and survival in our series was comparable to other big randomized studies in the
world and even better than previous national reports. These findings emphasize the necessity of treating patients with locally ad-
vanced rectal cancer in high volume centers.
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1. Background

There are 1.2 million new cases of colorectal cancers be-
ing diagnosed yearly all over the world, making about 10%
of all newly diagnosed malignancies (1). The mortality rate
of colorectal cancers is beyond half million each year. In
Iran, the reported annual rate of incident colorectal can-

cer is 5,000 (2). The most important risk factor for colorec-
tal cancer is age, and the incidence significantly rises in
people over 45 to 50 years (3, 4). This paradigm was also
evident in Iran (5). Due to the relatively high prevalence
of colorectal cancer and the fact that the age of patients
with colorectal cancer is decreasing, adapting appropriate
treatment methods and evaluating the response to treat-
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ment, as well as, regular follow ups after treatment com-
pletion have gained special importance in these patients.

During the last 3 decades, the outcomes of patients
with colorectal cancers in each stage of the disease have
improved significantly that is attributed to the improve-
ments in treatment methods (6). In the past, surgery alone
was the main treatment for rectal cancer and despite com-
plete resections, up to half of the patients experienced lo-
cal recurrence (7). By accumulation of evidences, multi-
modality therapy consisting of various combinations of
chemotherapy and radiotherapy protocols led to demar-
cated improvement both in local control and survival. Al-
though either neoadjuvant or adjuvant radiation therapy
is effective in rectal cancers, the former is accepted as the
standard treatment. Neoadjuvant radiotherapy usually
with concomitant chemotherapy results in downstaging
of the tumor, increasing the probability of a better surgery,
and the enhancement of sphincter preservation probabil-
ity in distal rectal cancers. European studies have shown
that neoadjuvant treatment results in an improvement in
thelocal control and overall survival of patients with rectal
cancer and these results have had a tremendous effect on
the treatment of rectal cancer (8).

Since Iran cancer institute and its radiation oncology
department is considered a high volume referral center
for the treatment of colorectal cancer and due to the nu-
merous and various patients being referred to this cen-
ter, multiple treatment protocols have been experienced
in the management of colorectal cancer. The aim of this
study was to evaluate the oncologic outcomes of neoadju-
vant long-course radiochemotherapy in order to improve
further protocols.

2. Methods

2.1. Participants and Selection Criteria

We performed a retrospective cohort study of all con-
secutive patients with biopsy proven locally advanced (cT3-
4 or N+) rectal adenocarcinoma located up to 15 cm from
anal verge by endorectal ultrasound or magnetic reso-
nance imaging. Subjects had to be treated with neoadju-
vant chemoradiation followed by surgery at the cancer in-
stitute of Imam Khomeini Hospital Complex, Tehran, Iran
between 2008 and 2015. We also included a few number
of patients with T2N0O, who sought sphincter preservation
by neoadjuvant radiotherapy. Patients with distant metas-
tases at presentation, concurrent malignancies, and prior
pelvic radiation, short course external radiotherapy, and
intraluminal rectal radiotherapy were excluded from the
study. The study design was evaluated and confirmed by
bothinstitutional review board and ethics committee (eth-
ical confirmation code: IRTUMS.REC.1394.1207). Patients

provided written informed consent at the time of treat-
ment initiation.

2.2. Treatment Protocols

Patients were treated with external three-dimensional
radiotherapy (6 -18 Mega Volt energy beams) with the dose
range of 45 to 50.4 Gray and concurrent 5flourouracil-
based chemotherapy (mainly single agent capecitabin or
bolus 5FU). Surgery, generally, was performed no less than
6 to 8 weeks following the completion of radiotherapy and
included low anterior resection or abdominoperineal re-
section. The decision to preserve sphincter was made by
post-radiotherapy status of tumor in preoperative colono-
scopic exam. Pre-operative (induction and/or consolida-
tion) and post-operative chemotherapy was according to
patient compliance as well as at the discretion of treating
physician according to presurgical stage and pathologic
response to neoadjuvant treatment. The therapy mainly
consisted of oral capecitabin and intravenous oxaliplatin
for a total of 4 to 6 cycles.

2.3. Assessment and Follow Up

Standard pathologic tumor staging of the resected
specimen was performed after resection. Complete re-
sponse was defined as the absence of viable adenocarci-
noma cells in the surgical specimen (ypTONO). Intermedi-
ate response was defined as an improvement in stage to
ypT1-2 and ypNoO. Patients with ypT3-4 or positive lymph
nodes were classified as poor response. Post-operative fol-
low up consisted of routine history and physical examina-
tion with carcinoembryonic anti-gen (CEA) measurements
every 3 to 6 months along with colonoscopy and computed
tomography scans as indicated.

2.4. Outcomes and Analysis

Overall survival (OS) was determined by the time from
the end of radiation treatment to death due to any cause
or last follow up for survived individuals. Disease-free sur-
vival (DFS) was determined by the time from the end of ra-
diation therapy to recurrence or death due to any cause or
last follows up.

Gathered data was analyzed by SPSS (Version 21) soft-
ware (IBM, Chicago, IL). We used the Kaplan-Meier and cox
proportional hazards test to assess disease-free survival
and overall survival and their predictors. P values less than
0.05 were considered significant.

3. Results

Between 2008 and 2014, about 400 patients with rec-
tal adenocarcinoma were treated in our center. Of these
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patients, 270 underwent neoadjuvant radiochemotherapy.
Finally, 158 subjects were entered to analysis that were
treated with standard long-course external beam radio-
therapy with concomitant chemotherapy and referred af-
ter extirpative rectal surgery with pathology report. The
male to female ratio was 1.36:1 and the median age was 56
years (range: 24 - 83). Stage Il to Il ratio was 31:127. The char-
acteristics of the patients are depicted in Table 1.

Table 1. Clinical Characteristic of Patients®

Clinical Characteristic Results
Male 91(57.6)
Gender
Female 67(42.4)
<or=5 75 (47.5)
Location, cm above Av > 5t010 60 (38)
>10 23(14.6)
T2 19 (12)
Clinical T T3 124 (78.5)
T4 15(9.5)
No 31(19.6)
Clinical N N1 81(51.3)
N2 45(28.5)
I 31(19.6)
Clinical Stage
11 127(80.4)
CEA High (over 5 nanograms per 79 (50)
milliliter (ng/mL))
Preoperative 51(32.3)
Chemotherapy (induction
and|/or consolidation)
Radiotherapy to Surgery <8 58(36.7)
Interval, w
>8 100 (63.3)

*Values are expressed as No. (%).

The median interval from the last fraction of radia-
tion therapy (RT) to surgery was 9 weeks (range: 1 - 74,
Mean =+ SD:10.9 + 7.79). The wide gap ex parte was due to
the complicated patients, whose conditions necessitated
emergent surgery; on the other hand, some patients expe-
rienced cardiac or medical complications requiring long
recovery time before surgery. Pathologic complete, inter-
mediate, and poor responses were achieved in 48 (30.4%),
37 (23.4%), and 73 (46.2%) patients, respectively. Overall
down-staging (surgical stage < primary clinical stage) was
observed among 116 (73.4%), while tumor and node down-
staging occurred in 100 (63.3%) and 105 (66.5%) subjects,
respectively. Only one of the participants was ypTON1-2,
representing about 2% of ypToO cases. T down-staging oc-
curred in 57.9%, 62.2%, and 100% of patients with clinical
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T2, 3, and 4 tumors (P = 0.011). However, N down-staging
was observed in 80% and 93.2% of clinical N1and 2 tumors
(P=0.068). The pathologic characteristics of surgery spec-
imens are shown in Table 2 and Figures 1- 4.

Table 2. Tumor Characteristics in Surgical Specimen®

Tumor Characteristics Results
Median (range) 4(0-62)
Resected lymph nodes
Mean = SD 5.2+ 7.05
Positive PNI 17 (11.1)
Positive LVI 23(14.6)
Involved Margin 9(5.9)
0 49 (31)
1 6(3.8)
ypT 2 36(22.8)
3 64(40.5)
4 1(0.7)
0 129 (81.7)
ypN 1 21(131)
2 8(5.2)
0 49 (31)
I 36(22.8)
yp Stage
il 45(28.5)
111 28(17.7)

*Values are expressed as No. (%) except for resected lymph nodes.

In order to predict response to neoadjuvant treatment,
in univariate analysis clinical T stage was associated with
better outcomes so as the rate of complete pathologic re-
sponse was more in T2 tumors (47.4%) compared to more
advanced stages. In contrast, age (P = 0.931) and inter-
val from RT to surgery (0.085) was not associated with
improved response; although, there was a trend toward
better response by increasing radiotherapy to surgery in-
terval (mean intervals for complete, intermediate, and
poor responses were 12.0, 12.4, and 9.4 weeks, respectively).
Among other studied factors as presented in Table 3, sex, lo-
cation, clinical stage, clinical N, and preop chemotherapy
were not associated with pathologic response with statisti-
cal significance.

The median follow up time was 28 (range: 1 - 102)
months in our cohort study. The rate of local recurrence
was 8.3% among all subjects, while this rate was 2.1%, 5.4%,
and 13.9% among subjects with complete, intermediate,
and poor response, respectively (P = 0.055). The overall
rate of distal recurrence was 14.6% in our study. This rate
was 6.2%, 16.2%, and 19.4% among subjects with complete,
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Figure 1. Kaplan Meyer Overall Survival Graph
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Figure 2. Kaplan Meyer Overall Survival Based on Pathologic Response

intermediate, and poor response, respectively (P = 0.128).
Among recurred cases, 3 patients suffered from both local
and distal; 20 only distant and 10 only local recurrences.

Actuarial 2-year overall and disease-free survival rates
were 87% and 80%, respectively. Considering pathologic re-
sponse, 2-year overall survival rates were 100%, 94%, and
86% among complete, intermediate, and poor responders

(P = 0.00043). Two-year disease-free survival rates were
98%, 79%, and 68% among complete, intermediate, and
poor responders (P = 0.0013).

The results of univariate cox regression analysis for 2-
year overall survival are shown in Table 4; Multivariate cox
proportional hazards test showed that only pathologic re-
sponse (P=0.035)and distant metastasis (P< 0.0001) were
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Figure 4. Kaplan Meyer Disease-Free Survival Based on Pathologic Response
3 independent predictors of overall survival. Again, patho- 4. Discussion
logic response (P = 0.009) was the only independent pre-
dictor of disease-free survival in multivariate analysis ad- The results of this retrospective study contain valuable

justed model.

Int ] Cancer Manag. 2017; 10(12):e12339.

information about the various aspects of rectal cancer, es-
pecially on treatment protocols. Near three-fourths of all
subjects enjoyed down-staging by neoadjuvant chemora-
diotherapy. In addition, a third of the patients experi-
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Table 3. Tumor Response Based on Clinical Factors

Complete Intermediate Poor Significance
50 or less 15(29.4) 13(25.5) 23(45.1)
Age Group, y 51-65 20 (31.7) 15(23.8) 28(44.4) 0.972
Over 65 13(29.5) 9(20.5) 22(50)
Male 27(29.7) 24(26.4) 40 (44)
Sex 0.585
Female 21(313) 13(19.4) 33(493)
<or=5 24(32) 20(26.7) 31(41.3)
Location, cm above Av > 5t010 20(33.3) 10 (16.7) 30(50) 0.373
>10 4(17.4) 7(30.4) 12(52.2)
T2 9(47.4) 7(36.8) 3(15.8)
Clinical T T3 37(29.8) 25(20.2) 62(50) 0.036
T4 2(133) 5(33.3) 8(53.3)
No 14 (45.2) 8(25.8) 9(29)
Clinical N N1 23(28.4) 17(21) 41(50.6) 0.194
N2 10 (22.2) 12(26.7) 23(511)
2 14 (45.2) 8(25.8) 9(29)
Stage 0.07
3 34(26.8) 29 (22.8) 64 (50.4)
Yes 16 (31.4) 14 (27.5) 21(41.2)
Preoperative chemotherapy 0.62
No 32(29.9) 23(21.5) 52(48.6)
<8 11(19) 14 (24.1) 33(56.9)
Radiotherapy to Surgery Interval, w 0.045
>8 37(37) 23(23) 40 (40)

enced pathologic complete response (pCR), while near half
showed poor response to neoadjuvant treatment. Initial
clinical T stage was a strong predictor for pCR. During fol-
low up period, the rate of local and distant failures were
roughly around 8% and 15%, respectively; both were signif-
icantly higher among poor responders. Two-year overall
and disease-free survival rates were 87% and 80%, respec-
tively. For OS and DFS, the pathologic response was a sig-
nificant independent predictor.

The median age of patients with rectal cancer was 56
years, in concordance with other epidemiologic studies in
Iran (9-11); however, it is less than the median age in west-
ern countries that is 64 years. According to Ansari et al. al-
though the incidence of rectal cancer among people aged
45 to 54 years in the United States is 2.5 times more fre-
quent than Iran, this gap reaches 9 times in persons above
65 years (12). The change of lifestyle among the youth and
younger age pyramid in Iran are among explanations (13,
14).

The rate of pathologic complete response (pCR) in our
study (30%) is higher than the most of large studies eval-
uating neoadjuvant treatment in rectal cancer. In Ger-

mans’ study (CAO/AROJAIO-94) published in 2004, which
is called a milestone research, the reported pCR was only
8% (8). The PAN-EX study, a pooled analysis of 2 studies
EXPERT and EXPERT-C, reported 19% pCR. The rate of pCR
in ACCORD12/0405-Prodige 2 trial, published in 2010, was
14% in the standard arm and 19% in the group receiving
oxaliplatin concurrent with radiation (15). In contrast,
some studies report the high rates of pCR. For instance,
the rate of pCR was 33% in studies conducted by Perez et
al. and Marechal et al. evaluating 39 and 57 patients, re-
spectively (16, 17). One of the likely reasons of this differ-
ence is the interval between the completion of radiother-
apy and surgery. This interval in the majority of older stud-
ies was between 6 to 7 weeks, while in our study, about
64% underwent surgery 8 weeks or later after the comple-
tion of radiotherapy (RT). There are numerous studies in-
dicating that increasing interval between the completion
of RT and surgery leads to an increase in pCR in rectal can-
cer (18). The mean number of resected lymph nodes in
our study was 5.2, while this number is usually more than
10 in other studies. For example, the mean number of re-
sected lymph nodes in the German CAO/ARO/AIO-04 and

Int ] Cancer Manag. 2017;10(12):e12339.
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Table 4. Predictors of 2-Year Overall Survival

0S,% Significance
50 or less 91
Age group, y 51-65 83 0.679
Over 65 90
Male 84
Sex 0.124
Female 91
5o0rless 87
Distance from anal 0.943
verge, cm 6-10 89 :
Above 10 86
T2 100
Clinical T 3 87 0.184
T4 79
No 100
Clinical N N1 86 0.209
N2 82
2 100
Stage 0.095
3 84
Yes 88
Preop Chemo 0.808
No 87
Radiotherapy to <8 84 0413
Surgery Interval, w :
gery y >8 89
Yes 85
TDownstaging 0.299
No 90
Yes 93
N Downstaging 0.500
No 86
Involved 65
Surgical Margin 0.001
Free 90
Yes 92
Local Recurrence 0.469
No 88
Yes 64
Distant Recurrence < 0.00001
No 92

ACCORD12/0405-Prodige2 studies were 15 and 12, respec-
tively (15, 19). Therefore, there is a possibility that the rea-
son why some of our patients were ypNO was the inade-
quate resection of lymph nodes during surgery or the in-
adequate pathologic review of the specimen. The rate of
ypNo in the 2 previously mentioned studies was about 71%
compared to 81% in our study. The rates of primary cN+
in those studies and in the present study were 72% and
80%, respectively. Perhaps one would argue that this less
number of resected lymph nodes is one of the possible

Int ] Cancer Manag. 2017; 10(12):e12339.

reasons for high pCR rates. Nonetheless, we should con-
sider the fact that the most important determinant of pCR
rate is the amount of ypTo, as there are few instances, in
which ypTo is accompanied by ypN+. For example, in the
CAO[ARO/AIO-04 study, among the 83 patients achieving
ypTo in the group receiving Fluorouracil (without oxali-
platin), only 2 were ypN+ (2.4%) (11). Similarly, among 49
patients with ypT0 in our study, only 1had ypN+(2%). There-
fore, the overall impact of this factor on the rate of pCR will
not be much.

The relationship between pCR and survival have been
demonstrated in various studies, prompting many inves-
tigators to suggest the “watch and wait” strategy in pa-
tients achieving clinical CR, of course with close monitor-
ing(20-23). The association of pathologic response and sur-
vival has been significant in our study as well. Neverthe-
less, despite the higher rates of pCR in this study, overall
and disease-free survival is as good as other large studies or
slightly worse. However, these numbers are significantly
higher compared to the median survival of patients with
rectal cancer in Iran. In studies conducted by Moradi et al.
and Akhoond et al. the 2-year survival was 68% to 74% and
the median survival was 3.5 to 3.9 years, respectively (24,
25).

About 6% of our patients had positive surgical margin
that is in line with the literature. The rate of positive mar-
gins was 3% to 4% in German CAO/ARO/AIO-04 study, 6% to
7% in Sauer 2004 study, and 7.7% and 12.7% in 2 arms of
ACCORD12/0405-Prodige2 study (circumferential margin)
(8,15,19).

In our study, although pre-operative (induction and/or
consolidation) chemotherapy led to higher rate of com-
plete response, it did not lead to improved survival. In-
duction chemotherapy allows administering higher doses
and longer exposure time to cytotoxic agents and in the-
ory could lead to more down-staging of tumor and lymph
nodes and faster eradication of micrometastatic disease
(26, 27). To date, many phase II trials have investigated
this matter. The phase II study of Marechal et al. com-
paring neoadjuvant chemoradiation with or without 2
courses of induction chemotherapy with FOLFOX was pre-
maturely closed for futility (16). In the GCR-3 study (con-
ducted by Fernandez-Martos) that compared neoadjuvant
chemoradiation with the addition of 4 courses of adju-
vant or neoadjuvant chemotherapy with CapeOx regimen,
no differences were observed between the 2 groups re-
garding the rate of pCR or complete resection, distant
metastases, 5-year DFS, or 5-year overall survival. How-
ever, patients tolerated the induction chemotherapy bet-
ter than the adjuvant one (28). In our study, 37 patients
were treated with induction chemotherapy. Among them,
10 achieved pCR (27%), not significantly different from the
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group that did not receive it (31.4%). Also, the survival
of patients did not have any association with receiving
induction chemotherapy and the number of cycles. Ac-
cording to the literature to date, neoadjuvant chemora-
diation is still the standard treatment. Although, based
on the results of Fernandez-Martos study, the NCCN guide-
lines consider induction chemotherapy as a treatment op-
tion (29). Another factor evaluated in our study was the
administration of chemotherapy during the interval be-
tween radiation treatment and surgery. Overall, 20 pa-
tients received preoperative consolidation chemotherapy
in our study, 9 of them achieving pCR (45%). This percent-
age is higher in comparison with the percentage of pCR
in the group not receiving this therapy (28.3%); however,
this difference did not reach statistical significance due to
small sample size. Some studies showed that adding pre-
operative chemotherapy results in modest increase in pCR
rate without increasing complications (30). The main ad-
vantage of earlier administration of chemotherapy may be
better tolerance of patients. Delivering chemotherapy dur-
ing the interval between chemoradiotherapy and surgery
decreases the overall treatment time. Also, not evaluated
in our study, the administration of pre-operative consoli-
adative chemotherapy is more pleasant for many patients
treated in Iran, since the long period between radiation to
surgery leads patients to think that they have been aban-
doned. This issue may be the result of cultural traits or the
conditions of clinics in Iran.

Factors associated with overall survival in our study in-
cluded the rate of pathologic response of tumor to neoad-
juvant treatment and distant metastases.

Our study had a number of limitations as well. The
major limitation was very short median follow up time
compared to the expected long prognosis of rectal cancer.
As mentioned previously, the retrospective nature of our
study makes it hard to interpret the results. Also, we did
not have access to some peri-treatment information of pa-
tients. For instance, the information about treatment mor-
bidities or the status of circumferential radial margin were
not accessible in most cases and, therefore, were not re-
ported.

In summary our study showed that pathologic re-
sponse to neoadjuvant therapy could be taken into ac-
count as a surrogate for long-term oncologic outcomes
such as overall survival. Although the meaningful effect
of longer interval between the completion of radiation
and surgery on pathologic response did not equal to bet-
ter overall survival, it is recommended to keep the 8 week
interval. There are no meticulous data on the role of in-
duction or consolidation chemotherapy, but the observed
pathologic responses merits further investigations. Our
promising results may point out the necessity of treating

patients with locally advanced rectal cancer in high vol-
ume comprehensive centers.

This study was completely conducted in radiation on-
cology ward, Iran cancer institute, Imam Khomeini hospi-
tal complex, Tehran University of Medical Sciences
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