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Purpose: Currently, neoadjuvant chemoradiation (CRT) followed by total mesorectal resection is considered the standard 
of care for treating locally advanced rectal cancer. This study aimed to investigate the efficacy and feasibility of adding in-
duction chemotherapy to neoadjuvant CRT in locally advanced rectal cancer. 
Methods: This phase-II clinical trial included 54 patients with newly diagnosed, locally advanced (clinical T3–4 and/or 
N1–2, M0) rectal cancer. All patients were treated with 3 cycles of preoperative chemotherapy using the XELOX 
(capecitabine + oxaliplatin) regimen before and after a concurrent standard long course of CRT (45–50.4 Gy) followed by 
standard radical surgery. Pathologic complete response (PCR) rate and toxicity were the primary and secondary end-
points, respectively. 
Results: The study participants included 37 males and 17 females, with a median age of 59 years (range, 20–80 years). 
Twenty-nine patients (54%) had clinical stage-II disease, and 25 patients (46%) had clinical stage-III disease. Larger tu-
mor size (P = 0.006) and distal rectal location (P = 0.009) showed lower PCR compared to smaller tumor size and upper 
rectal location. Pathologic examinations showed significant tumor regression (6.1 ± 2.7 cm vs. 1.9 ± 1.8 cm, P < 0.001) 
with 10 PCRs (18.5%) compared to before the intervention. The surgical margin was free of cancer in 52 patients (96.3%). 
Treatment-related toxicities were easily tolerated, and all patients completed their planned treatment without interrup-
tion. Grade III and IV toxicities were infrequent. 
Conclusion: The addition of induction chemotherapy to neoadjuvant CRT is an effective and well-tolerated treatment ap-
proach in patients with rectal cancer. 
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INTRODUCTION

Currently, neoadjuvant chemoradiation (CRT) followed by total 
mesorectal excision (TME) is considered the standard of care for 
achieving optimal local control in locally advanced (T3–4 and/or 
N1–2) rectal cancer [1]. Traditionally, this treatment approach is 
followed by six months of adjuvant chemotherapy. Pathologic 
complete response (PCR) is an important marker for the efficacy 
of neoadjuvant treatment. This indicator frequently is used in 
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phase II and III clinical trials to evaluate the efficacy of treatment 
modalities in cancer patients [2]. PCR and tumor down staging 
following neoadjuvant CRT have been associated with improved 
survival in several neoadjuvant studies. Large scale multicenter 
studies confirmed PCR as a potent indicator for predicting lo-
coregional control and 5-year disease-free and overall survival [3, 
4]. While the impact of neoadjuvant CRT on overall survival is 
not yet established; adjuvant chemotherapy following neoadju-
vant CRT and surgery improves survival [5, 6]. However, adjuvant 
chemotherapy following CRT and surgery is associated with 
higher toxicity and lower patient compliance. On the other hand, 
neoadjuvant chemotherapy induces tumor shrinkage and facili-
tates surgical resection [7]. Few small reports found neoadjuvant 
chemotherapy alone is safe and effective and may be a potential 
alternative choice for neoadjuvant CRT in selected cases with lo-
cally advanced rectal cancer [8-10]. This study aimed to investi-
gate the feasibility and efficacy of induction chemotherapy pre-
ceding CRT and surgery in patients with locally advanced rectal 
cancer.

METHODS

Patients and preliminary evaluation
This phase II clinical trial was conducted on 54 patients with lo-
cally advanced rectal cancer who had been treated at Namazi 
Hospital, a tertiary academic center, between September 2016 and 
December 2017. The patients’ performance statuses were scored 
according to the Eastern Cooperative Oncology Group (ECOG) 
performance scaling system. Eligible patients had newly diag-
nosed, locally advanced (clinical T3–4 and/or N1–2, M0) rectal 
adenocarcinoma, no prior therapy, ECOG performance scale ≤1, 
and normal or acceptable kidney, liver, cardiovascular, and bone 
marrow function. Patients with metastatic disease at presentation 
or previous history of pelvic irradiation were excluded. The study 
was approved by the Clinical Research Ethics Committee of 
Namazi Hospital, Shiraz University of Medical Sciences in accor-
dance with the code of ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving humans 
(Ethic code no: IR.SUMS.MED.REC.1395.23). Furthermore, writ-
ten informed consent was obtained from all patients before enter-
ing the trial. This clinical trial was approved and supported by 
Shiraz University of Medical Sciences (research project number: 

94-P-9514). In addition, the study was registered on the Iranian 
Registration of Clinical Trial (IRCT) website on 24 September 
2016 (IRCT registration number: IRCT2016082129403N2). Tu-
mor staging was performed using the eighth edition of the Amer-
ican Joint Committee on Cancer TNM (AJCC) staging system 
[11]. Clinical staging was performed using imaging studies for all 
patients before starting the neoadjuvant intervention. Preliminary 
evaluation involved comprehensive history and physical examina-
tion, including careful rectal examination, colonoscopy, complete 
blood cell count, liver and renal function studies, carcinoembry-
onic antigen, chest, abdominal, and pelvic multidetector com-
puted tomography scans, and pelvic magnetic resonance imaging 
(MRI) and/or endorectal ultrasonography. Tumor size and loca-
tion and distal tumor margin from the anal verge were defined 
based on the findings of endoscopy and MRI. PCR rate and treat-
ment-related toxicity were the primary and secondary endpoints 
of the study, respectively. Acute treatment-related toxicities, in-
cluding radiation dermatitis, diarrhea, noninfective cystitis, hand-
foot syndrome, and bone marrow suppression were recorded ac-
cording to the Common Terminology Criteria for Adverse 
Events, ver. 4.30. Clinical response was evaluated by colonoscopy 
and imaging after neoadjuvant therapy and before surgery. Clini-
cal complete response was defined as complete clinical and radio-
logic disappearance of the primary tumor and regional lymph 
nodes. Clinical partial response was defined as at least 30% tumor 
shrinkage. Clinical tumor response less than 30% tumor shrink-
age was defined as no response or stable disease. The grade of tu-
mor regression was evaluated based on the 4 AJCC tumor regres-
sion grading (TRG) classifications (Table 1). 

Chemotherapy
Chemotherapy consisted of oral capecitabine 1,000 mg/m2 twice 
daily for 14 days of every 3-week cycle plus oxaliplatin 130 mg/m2 
intravenously on day 1 (XELOX regimen). Additionally, for con-
current CRT, oral capecitabine monotherapy was administered.

External beam radiation therapy  
Concurrent neoadjuvant CRT consisted of conventional external 
beam radiation therapy using megavoltage linear accelerator pho-
tons. The photon energy was 18 MV in a three-field (one direct 
posterior and two lateral fields) or four-field technique (AP-PA 
parallel opposed fields and 2 lateral opposed fields). All patients 

Table 1. American Joint Committee on Cancer TRG 

TRG American Joint Committee on Cancer definition PCR definition Our results (%)

0 No viable cancer cells Complete regression 10 (18.5)

1 Residual single or small groups of tumor cells Near complete regression 5 (9.3)

2 Residual cancer outgrown by fibrosis Moderate regression 24 (44.4)

2 Minimal or no tumor cells killed Minimal or no regression 15 (27.8)

TRG, tumor regression grade; PCR, pathologic complete response.
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were treated in the prone position with a full bladder to reduce 
small bowel toxicity. A median dose of 45 Gy (range, 45–50.4 Gy) 
was delivered via a daily fraction of 1.8–2 Gy with 5 fractions per 
week. Concurrent chemotherapy consisted of oral capecitabine 
825 mg/m2 twice daily during the whole period of pelvic radio-
therapy with weekend breaks. Two weeks after the completion of 
radiation, 2 cycles of consolidation chemotherapy (XELOX regi-
men) were administered and all patients were subsequently re-
ferred for surgery with a median 8 weeks (range, 8–10 weeks) in-
terval after the last session of radiation therapy. 

Surgical technique
A standard curative surgery through TME was performed as a 
part of a low anterior resection (LAR) or an abdominoperineal 
resection (APR) procedure for all patients. A colorectal surgeon 
performed all rectal surgeries. Pathologic response was assessed 
after curative surgery. PCR was defined as the disappearance of all 
invasive tumors, either on a macroscopic or a microscopic scale, 
in the rectum and lymph nodes. Two weeks after surgery, all pa-
tients received 3 cycles of adjuvant chemotherapy regardless of 
achieved response to neoadjuvant therapy.

Statistics
Statistical analyses were performed using IBM SPSS Statistics ver. 
22.0 (IBM Co., Armonk, NY, USA). Chi-square, Fisher exact, and 
Mann-Whitney tests were used for comparing the clinical and 
pathological response rates and the categorical clinicopathologic 
characteristics of the patients as appropriate. Additionally, the 
Student t-test was used for comparing continuous variables, such 
as age, tumor size, and radiation dose. According to previous 
studies, a sample size less than 50 patients for analysis was needed 
[12-14]. All statistical tests were two-sided and P-values less than 
0.05 were considered statistically significant.

RESULTS 

This phase-II clinical trial included 54 patients with locally ad-
vanced rectal cancer. All patients were treated with curative intent 

and completed CRT as scheduled. Fig. 1 shows a diagram of the 
study protocol. The study participants included 37 males and 17 
females, with a median age of 59 years (range, 20–80 years). 
Twenty-nine patients (54%) had clinical stage-II disease, and 25 
patients (46%) had clinical stage-III disease. The median clinical 
tumor size was 5 cm (range, 2–13 cm). Additionally, the median 
distance from the anal verge was 6 cm (range, 1–15 cm). Table 2 
correlates clinicopathological characteristics and PCR rate among 
the 54 patients with rectal cancer. There was a statistically signifi-
cant difference between patients who achieved PCR and those 
who did not in terms of initial clinical tumor size and distance 
from the anal verge. Larger tumor size (P = 0.006) and distal rec-
tal location (P = 0.009) showed lower PCR compared to smaller 
tumor size and upper rectal location. Just before surgery, clinical 
complete and partial response was achieved in 14 patients (26%) 
and 31 patients (57%), respectively, and 9 patients (17%) had sta-
ble disease. 

All patients receive a median 3 cycles (range, 3–4 cycles) of pre-
operative chemotherapy and completed the chemotherapy cycles 
as scheduled. Three weeks after the last cycle of chemotherapy all 
patients underwent a LAR (n = 34) or an APR (n = 10). Patho-
logic examinations showed significant tumor regression (mean, 
6.1 ± 2.7 cm vs. 1.9 ± 1.8 cm; P < 0.001) with 10 PCRs (18.5%) 
compared to before the intervention. However, no significant 
node response was observed (P = 0.232) compared to the initial 
clinical stage. Classifications of TRG 0, 1, 2, and 3 were found in 
18.5%, 9.3%, 44.4%, and 27.8% of the specimens, respectively. The 
surgical margin was free of cancer in 52 patients (96.3%) and mi-
croscopically involved in 2 patients (3.7%); 1 involving the distal 
margins in LAR and 1 involving the circumferential resected 
margins in APR. 

Regarding treatment-related toxicity, most patients developed 
grade-2 dermatitis (57%), grade-1 diarrhea (18%), and grade-1 
anemia (35%). However, noninfective cystitis was infrequent. 
Other hematologic complications, such as neutropenia and 
thrombocytopenia, were also uncommon (Table 3). Treatment-
related toxicities were easily tolerated, and all patients completed 
their planned treatment without interruption. In addition, peri-

Fig. 1. Study protocol diagram.
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operative and early postoperative surgical complications, such as 
anastomotic leakage, delayed wound healing, increase in infec-
tions, and fistula formation were rare.

DISCUSSION

Despite advances in neoadjuvant CRT and TME in patients with 
locally advanced rectal cancer, local recurrence and distant metas-
tasis occur in about 25%–30% and 10%, respectively [7, 15]. In or-
der to enhance tumor shrinkage and minimizing metastasis, in-
duction chemotherapy preceding surgery has been considered 
with or without CRT in some studies. Induction chemotherapy 
with or without CRT in locally advanced rectal cancer has many 
potential advantages including higher rate of PCR and resectabil-
ity, micrometastasis eradication, minimizing ileostomy duration, 
and higher rate of patients compliance to complete chemotherapy 
courses [5, 9, 16]. In this study, we incorporated a median of three 
cycles of induction chemotherapy to standard neoadjuvant CRT to 

investigate this treatment approach in patients with rectal cancer. 
Some authors believe that radiation therapy increases periopera-

tive morbidity, and induction chemotherapy without radiotherapy 
may be effective and allow radiation side effects to be avoided [17]. 
In few recent prospective and retrospective studies, chemotherapy 
was investigated as the sole neoadjuvant treatment. Chemother-
apy was well tolerated in these studies and the main complication 
was neutropenia. PCR rate was 4%–25%. The rate of complete tu-
mor resection was 92%–100%. The main drawbacks were small 
number of patients (10–60) and different chemotherapy regimens. 
In addition, the dose and schedule modification was reported in 
these studies [8, 17-20]. In our study, the patients tolerated che-
motherapy with the XELOX regimen well and grades III–IV bone 

Table 2. Correlation between clinicopathological characteristics and 
PCR to therapy

Variable PCR No PCR P-value

Sex 0.105a

   Male 9 26

   Female 1 16

Age (yr) 57.7 ± 15.9 59.6 ± 11.9 0.670*,b

Clinical tumor size (cm) 4.0 ± 1.2 6.5 ± 2.7 0.006*,b

Distance from anal verge (cm) 10.1 ± 4.2 6.4 ± 3.5 0.009*,b

Clinical tumor stage 0.262a

   T2 1 1

   T3 8 30

   T4 1 13

Clinical node stage 0.252a

   Negative 7 22

   Positive 3 22

Tumor grade 0.239a

   I 7 30

   II  0 12

   III 0 1

Radiotherapy dose (Gy) 44.5 ± 7.3 46.8 ± 2.5 0.100b

Type of surgery 0.034*,a

   Low anterior resection 10 24

   Abdominoperineal resection 0 10

Values are presented as number or mean ± standard deviation.
PCR, pathologic complete response. 
*P-values less than 0.05 were considered statistically significant. aFisher exact 
test. bStudent t-test.

Table 3. Rate of treatment-related toxicity in 54 patients with rectal 
cancer

Grade No. (%)

Radiation dermatitis

   1 23 (43)

   2 31 (57)

Diarrhea

   0 40 (74)

   1 10 (18)

   2 3 (6)

   3 1 (2)

Noninfective cystitis

   0 29 (54)

   1 17 (31)

   2 8 (15)

Hand-foot syndrome

   0 29 (54)

   1 22 (41)

   2 3 (5)

Anemia

   0 28 (52)

   1 19 (35)

   2 5 (9)

   3 2 (4)

Leukopenia

   0 26 (48)

   1 19 (35)

   2 7 (13)

   3 2 (4)

Thrombocytopenia

   0 48 (89)

   1 6 (11)
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marrow and gastrointestinal (GI) toxicity was uncommon. 
Bevacizumab was also used in combination with chemotherapy 

in a neoadjuvant setting in one study. In an ongoing randomized 
phase II trial by Glynne-Jones et al. [10], 60 patients will receive 
FOLFOX + bevacizumab or FOLFOX + irinotecan (FOLFOXIRI) 
+ bevacizumab. All patients will receive chemotherapy for 6 cycles 
and bevacizumab will be discontinued in the last cycle to avoid 
postoperative complications such as anastomotic leakage. One of 
the weaknesses in our study was the lack of assessment of postop-
erative complications.

The multicenter PROSPECT trial (N1048, available at www.
ctsu.org) has been designed to confirm the efficacy and feasibility 
of preoperative chemotherapy in clinical stage T2N1 or T3N0–1 
rectal cancer. In this trial, all patients will receive six cycles of 
modified FOLFOX6 after which, patients with a clinical response 
will undergo surgery and nonresponders will receive neoadjuvant 
or adjuvant CRT. In the PROSPECT trial, patients with clinical 
stage T4 or N2 disease and those with low-lying tumors needing 
APR will be excluded. In the present research, we included all 
clinical stage II–III rectal cancers, and we did not exclude T4 or 
N2 lesions.

In the largest retrospective study using the National Cancer Da-
tabase, Cassidy et al. [21] investigated the feasibility of induction 
combination chemotherapy in selected cases of stage II or III rec-
tal cancer with the aim of eliminating neoadjuvant CRT. Their 
study included 21,707 patients with clinical stage T2N1 or 
T3N0–1 rectal cancer treated with neoadjuvant CRT (n = 21,433) 
or neoadjuvant combination chemotherapy alone (n = 272). Us-
ing Cox-proportional hazards regression analyses they found a 
significantly higher 5-year actuarial overall survival rate (75% vs. 
67.2%) in favor of the CRT arm. Therefore, they concluded in-
duction chemotherapy alone even in selected cases with low risk 

stages II–III rectal cancer should be restricted in the context of a 
clinical trial.

However, other studies investigated induction chemotherapy in 
combination with neoadjuvant CRT in patients with locally ad-
vanced rectal cancer. Most of these trials found induction chemo-
therapy enhanced tumor shrinkage and PCR rate with treatable 
toxicities. Table 4 illustrates the rates of PCR and R0 resection in 
these recent clinical trials and compares their results with those of 
the present study [7, 12, 14, 15, 22-28]. Accordingly, our study 
shows comparable results in terms of PCR and R0 resection com-
pared to previous reports. 

Preliminary results of the FORWARC Chinese multicenter clini-
cal trial showed modified FOLFOX (mFOLFOX) combined with 
CRT provided a significantly higher rate (31.3%) of PCR com-
pared to induction mFOLFOX alone (7.4%); however, induction 
mFOLFOX6 alone resulted in similar tumor down-staging with 
lower treatment toxicity and postoperative complications. Ac-
cording to the results of these clinical trials and the current study, 
the addition of induction chemotherapy to neoadjuvant CRT is 
associated with a higher rate of PCR and disease-free surgical 
margins compared to the results of historical reports [29]. It 
seems an infusional chemotherapy regimen such as mFOLFOX 
and further chemotherapy cycles can achieve a higher PCR rate; 
however, its impact on oncologic outcomes should be confirmed 
by large prospective studies.

The limitations of our phase II study include a relatively small 
sample size and single arm design and the use of conventional ra-
diotherapy instead of newer modalities such as intensity-modu-
lated radiotherapy. Furthermore, most patients in this study re-
ceived a lower median total radiation dose (45 Gy) compared to 
those (50.4–54 Gy) in recent studies. Nevertheless, our study pro-
vides a well-tolerated alternative treatment approach to the cur-

Table 4. Recent clinical trials investigating the combination of induction chemotherapy and neoadjuvant chemoradiation in locally advanced 
rectal cancer

Study No. of patients ChT × cycles Rate of PCR (%) Rate of R0 resection (%)

Cercek et al. [28] 49 mFOLFOX × 7 26.5 100

Chau et al. [22] 77 XELOX × 4 24 98.7

Deng et al. [27] 149 mFOLFOX × 5 31.3 88.2

Eisterer et al. [23] 25 XELOX × 3 25 95

Fernandez-Martos et al. [7] 56 XELOX × 4 14.3 86

Koeberle et al. [14] 58 XELOX × 3 23 98

Larsen et al. [15] 52 XELOX × 6 20 100

Marechal et al. [26] 28 mFOLFOX × 2 32.1 NS

Moore et al. [24] 25 XELOX × 3 16 NS

Nogue et al. [25] 45 XELOX × 3 36 98

Perez et al. [12] 39 mFOLFOX × 8 33 NS

This study 54 XELOX × 3 18.5 96.3

ChT, chemotherapy; PCR, pathologic complete response; mFOLFOX, modified FOLFOX; NS, not stated.
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rent standard neoadjuvant CRT alone regimen in patients with 
rectal cancer. 

This phase II clinical trial concluded that the addition of preop-
erative chemotherapy with the XELOX regimen to neoadjuvant 
CRT in locally advanced rectal cancer is an effective and well-tol-
erated treatment approach in patients with rectal cancer. How-
ever, a larger multicentric phase III clinical trial with longer fol-
low-up is warranted to confirm our findings and evaluate the im-
pact of this treatment strategy on oncologic outcomes. 
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