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Abstract

Purpose To evaluate the efficacy and safety of preoper-

ative radiotherapy with capecitabine and mitomycin C in

patients with locally advanced rectal cancer.

Methods A prospective, open-label, non-randomized,

phase II study was performed on 49 patients with locally

advanced rectal cancer. Preoperative radiotherapy was

conducted on linear accelerators (15 or 18 MV) with a

tumor dose of 45 Gy in 25 fractions over 5 weeks, com-

bined with mitomycin C 7 mg/m2 on days 1 and 29 and

oral capecitabine 825 mg/m2 twice daily on days 1–35.

Surgery was performed 5–6 weeks after the end of che-

moradiation. The primary study endpoint was histopa-

thological complete regression rate (pCR; Dworak

grade 4).

Results Disease stage at diagnosis was T3 in 34 patients

(69%) and T4 in 15 patients (31%). Positive lymph nodes

were diagnosed in 28 patients (57%). Toxicity (all grades)

was documented in 35 patients (71%). Grade 3 toxicities

were radiation dermatitis (25%), diarrhea (2%), neutrope-

nia (2%), and granulocytopenia (2%). No patient experi-

enced grade 4 toxicity. A pCR was seen in 8 (16%, 95% CI

9–29%) patients, a major response was noted in 24 (49%)

patients and a minor response in 14 (29%) patients. R0

resection was performed in 46 patients (93.9%) and R1 in 3

patients (6.1%). Histopathological tumor downstaging was

documented in 26 patients (53%). One-year disease-free

survival was 93.3% and 1-year survival was 97.7%.

Conclusion Preoperative chemoradiation with capecita-

bine and mitomycin C appeared to be effective with low

toxicity in patients with locally advanced rectal cancer.

Keywords Capecitabine � Mitomycin C � Radiotherapy �
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Introduction

Preoperative chemoradiotherapy is widely accepted as a

standard treatment option in locally advanced rectal cancer.

Studies have shown that preoperative chemoradiotherapy

results in better local control (i.e., a reduction of local

recurrence rate by 20–50%), increased histopathological

complete regression rate (pCR) by 10–30%, increased

likelihood of curative and sphincter-preserving resection,

and increased long-term survival [1–4].

The most commonly used neoadjuvant treatment in

locally advanced rectal cancer involves radiotherapy

45–50.4 Gy with concurrent 5-fluorouracil (5-FU) admin-

istered either as bolus doses during the first and last weeks

of radiotherapy or as a continuous infusion during the

whole radiotherapy treatment period. The rationale for
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combining cytotoxic agents and radiotherapy is based on

the ability of some drugs to act as radiosensitizers [5]. The

current research is focused on identifying the best combi-

nation of chemotherapy agents to be used with

radiotherapy.

Capecitabine is an oral fluoropyrimidine that is con-

verted to 5-FU via thymidine phosphorylase in the tumor

tissue. Radiation has been shown to preferentially increase

tumor thymidine phosphorylase levels by induction of

tumor necrosis factor [6]. In a fluoropyrimidine-resistant,

colorectal cancer xenograft model, exposure to capecita-

bine before irradiation demonstrated a supra-additive effect

compared with radiation alone [7].

Mitomycin C is a cytostatic drug that has been widely

used in the treatment of metastatic colorectal cancer for

many years with good treatment results and low toxicity.

It has also been used as a neoadjuvant agent in locally

advanced rectal cancer in combination with radiotherapy

and other cytotoxic agents [8]. Mitomycin C inhibits DNA

and RNA synthesis by interfering with DNA cross-linking,

primarily at guanine and cytosine pairs. Although mito-

mycin C is not cell cycle specific, it is known to induce

marked cell-cycle arrest at the G2–M transition [8]. In

combination with radiation, mitomycin C acts as a hypoxic

cell sensitizer and is thought to prevent repopulation,

although the exact mechanism remains elusive [5, 8].

Mitomycin C is also known to upregulate the tumor levels

of thymidine phosphorylase in rectal cancer tissues, which

may enhance the efficacy of capecitabine [9].

The purpose of this study was to evaluate the safety and

efficacy of preoperative capecitabine plus mitomycin C and

radiation therapy in patients with locally advanced rectal cancer.

Materials and methods

Study design

This was a prospective, open-label, non-randomized, phase

II study, conducted at two centers, the Institute for

Oncology and Radiology of Serbia and the Institute for

Gastrointestinal Diseases, University Clinical Center of

Serbia. The primary endpoint of the study was pCR. Sec-

ondary endpoints were clinical response, disease-free sur-

vival, overall survival, and toxicity. The study was

approved by a local ethics committee and was performed in

accordance with the ethical standards laid down by the

Declaration of Helsinki.

Patient population

The study inclusion criteria were as follows: minimum age

of 18 years; histologically confirmed, locally advanced

stage II (T3/T4, N0, M0) or stage III (T3/T4, N1/2, M0)

rectal adenocarcinoma located up to 16 cm from the ano-

cutaneous line; no pretreatment except formation of an

artificial anus (e.g., due to imminent intestinal obstruction);

Eastern Cooperative Oncology Group (ECOG) status B 2;

sufficient bone marrow function (i.e., leukocytes [
3.5 9 109/l, neutrophils [ 1.5 9 109/l, thrombocytes [
100 9 109/l, hemoglobin [ 10 g/dl); sufficient liver func-

tion (bilirubin \ 2.0 mg/dl, and aspartate aminotransfer-

ase, alanine aminotransferase, alkaline phosphatase,

gamma glutamyl transpeptidase B 3 times the upper limit

of the normal range); serum creatinine \ 1.5 mg/dl; and

creatinine clearance [ 50 ml/min. In addition, patients

were explained the requirements of the study protocol and

had given their written informed consent to participate.

Exclusion criteria included prior pelvic irradiation or

chemotherapy; secondary malignancies, except basal cell

carcinoma of the skin or in situ cervical carcinoma;

pregnancy or breastfeeding; inability to comply with the

protocol and to undergo treatment and follow-up examin-

ations; unstable cardiac disease in spite of drug treatment;

myocardial infarction within the past 6 months; neurolog-

ical or mental disorders; active, uncontrollable infection

or sepsis; active disseminated intravascular coagulation

disorder; inflammatory bowel diseases; malabsorption

syndrome; synchronous colic or rectal tumors; and other

uncontrolled severe disease precluding administration of

chemotherapy and radiation.

Study treatment

Patients received oral capecitabine 825 mg/m2 twice daily

on days 1–35. Mitomycin C 7 mg/m2 was given on days l

and 29 as a 2-h intravenous infusion in 500 ml of glucose 5%.

Radiotherapy was initiated on day 1 of chemotherapy

after administration of mitomycin C. It was delivered at a

dose of 1.8 Gy once daily according to the International

Commission on Radiation Units and Measurements (ICRU)

recommendations [10] five times per week, in 25 fractions

over a period of 5 weeks, until a total reference dose of

45 Gy was reached. Radiotherapy was delivered with high-

energy photons (15 or 18 MV) on linear accelerators.

Five to 6 weeks after completion of chemoradiotherapy,

patients underwent surgery.

Depending on the tumor stage as determined by histo-

pathology after surgery, and consistent with routine hos-

pital practice, patients received adjuvant therapy consisting

of 6 cycles of 5-fluorouracil and leucovorin.

Diagnostic work-up

Patients were assessed at baseline by digital rectal exami-

nation, total colonoscopy with biopsy of the rectal tumor,
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and determination of the distance between the lower edge

of the tumor and the anocutaneous line, pelvic MRI,

abdominal CT, transrectal ultrasonography, and chest

X-ray. All these examinations were repeated 5–6 weeks

after completing chemoradiotherapy and before surgery.

Complete blood counts, biochemistry including liver

function tests, and an assessment of clinical symptoms and

toxicities were performed at baseline and weekly during

chemoradiotherapy. Patients with grade 3 or 4 hemato-

logical toxicity were hospitalized, and a peripheral blood

count was performed every day until recovery from the

nadir values.

Efficacy and safety evaluations

Treatment response was evaluated 5–6 weeks after com-

pleting chemoradiotherapy according to RECIST criteria

[11]. Overall survival was defined as the time from the start

of chemotherapy (day 1) to death from any cause. Disease-

free survival was defined as the time from the start of

chemotherapy (day 1) to the date on which progression of

disease was first noted. The National Cancer Institute

Common Toxicity Criteria (NCI-CTC) were used to grade

treatment-emergent toxicity [12].

Independent response review was performed by

members of the joint interdisciplinary committee for

gastro-intestinal tumors of The Institute for Oncology and

Radiology of Serbia and The University Clinic for Diges-

tive Diseases. Members of the committee were not

involved in the study.

Histopathological examination

The standardized histopathological examination of the

resected tumor specimens included the assessment of

morphology (histological type and grade), tumor spread

(ypTNM, R classification), and quality of the total meso-

rectal excision. For each patient, a histopathological

assessment of tumor regression in accordance with the

grading method established by Dworak et al. [13] was

made: grade 0 = no regression; grade 1 = minimal

regression (defined as a dominant tumor mass with obvious

fibrosis and vasculopathy); grade 2 = moderate regression

(defined as fibrotic changes dominant with few tumor cell

nests easy to locate); grade 3 = good regression (defined as

very few isolated tumor cells that are hard to find under the

microscope, in predominantly fibrotic tissues and pools of

mucus); grade 4 = complete regression (defined as no

tumor cells, only fibrotic tissue). Responses were thus

defined as complete or pCR (grade 4), major (grades 3 and

2), or minor (grade 1).

Follow-up examinations and analyses

Follow-up procedures were performed every 3 months

within the first 2 years and every 6 months during years

3–5. Furthermore, long-term adverse effects were assessed

using a standardized assessment form at l, 3, and 5 years

after surgery. Follow-up examinations and analyses inclu-

ded survival status, physical examination, and tumor

assessment.

Statistical analysis

All analyses were performed on an intention-to-treat basis.

All subjects enrolled in the study who received at least one

dose of study medication were included in the safety

analyses. The overall rate of histopathologically confirmed

complete remission or pCR (i.e., Dworak grade 4) was

presented with 95% confidence intervals (CI). Kaplan–

Meier procedures were used for time-to-event data.

The Simon two-stage minimax design was applied to test

the null hypothesis that the pCR rate was 15% versus the

alternative hypothesis that the pCR rate was C30%; the

minimal clinically meaningful change was set to be 15%.

To detect such a change, with a = 0.05 and b = 0.20, a

sample size of 49 patients was required. Twenty-one

patients were planned to be included in the first cohort. In

case three or less responses were observed in the first 21

patients, the trial would have been terminated. Alterna-

tively, four or more responses warranted continuation to

the second stage with additional 28 patients included, for a

total of 49 patients.

Results

From October 2006 to April 2008, a total of 49 patients

were enrolled. The median follow-up was 18 months

(range 6–29 months). All 49 enrolled patients were ana-

lyzed for clinical response, histopathological response,

toxicity, overall survival, and disease-free survival.

All patients had measurable disease on an MRI scan.

The median age of the study population was 58 years, and

all patients had a baseline ECOG status of 0 or 1. The

disease stage at diagnosis was T3 in 34 patients (69.4%)

and T4 in 15 patients (30.6%). Positive lymph nodes were

diagnosed in 28 patients (57.1%). In all patients, tumors

were localized in either the distal (36 patients) or middle

third (13 patients) of the rectum. Patient characteristics are

listed in Table 1. The mean time from the end of chemo-

radiotherapy to surgery was 45 (range 35–60) days.
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Tumor response

Confirmed objective clinical tumor responses were seen in

40 (82%) patients (95% CI 69–90%) calculated on an

intention-to-treat basis. Complete response was noted in 10

(20.4%) patients, partial response in 30 (61.2%) patients,

and stable disease in 9 (18.4%) patients. No patient showed

disease progression.

Pathologic tumor response expressed as ypTNM stage,

and tumor regression grade were assessed in all patients

(Table 2). Histopathological complete response (pCR) was

achieved in 8 (16%, 95% CI 9–29%) patients, whereas 24

(49%) and 14 (29%) patients showed major and minor

responses, respectively. No histopathological response was

detected in 3 (6%) patients.

Surgery

All patients underwent surgery after chemoradiotherapy.

Of the 49 patients, 23 (46.9%) underwent abdominoperi-

neal resection secundum Milles, 25 (51%) underwent low

anterior resection secundum Dixon and one patient

underwent a Hartman procedure. R0 resection was

achieved in 46 patients (93.9%) and R1 resection in 3

patients (6.1%). All histopathological non-responders had

an R1 resection. No patient died during surgery. Tumor

downstaging was noted in 26 patients (53.1%).

Major and minor postoperative complications were

observed in 8 patients and consisted of anastomotic leakage

(4 patients), delayed wound healing (3 patients), and per-

ianal abscesses (1 patient).

Of the 49 patients who underwent surgery, 24 patients

(49%) had positive lymph nodes (20 patients had pN1 and

4 patients had pN2) and received adjuvant chemotherapy

according to the hospital protocol.

Toxicity

Almost all patients received[90% of planned dose intensity

for both drugs (capecitabine 92%, range 69–108%; mito-

mycin C 94%, range 54–105%). Of the 49 patients, toxicity

(grades 1–4) was documented in 35 patients (71.4%).

Radiotherapy was temporarily interrupted in one patient due

to grade 3 diarrhea that lasted for 7 days. All patients com-

pleted radiotherapy. Chemotherapy was stopped in 2 patients

(4.1%), due to phlebothrombosis (one patient) and grade 3

neutropenia and grade 3 diarrhea (one patient).

Hand-foot syndrome was noted in only 3 patients

(6.1%), and it was low grade (grade 1 or 2) in all cases.

Hematological toxicities occurred in 14 patients (28.6%)

and non-hematological toxicities in 33 patients (67.3%).

There were no treatment-related deaths.

Table 1 Patient characteristics at baseline (N = 49)

Characteristics No. of

patients

Percent

Sex

Female 8 16.3

Male 41 83.7

Race

Caucasian 49 100.0

Age (years)

Median 58

Range 25–80

Mean 56.2

ECOG status

0 28 57.1

1 21 32.9

Histopathology grading

Well differentiated 31 63.3

Moderately differentiated 16 32.6

Poorly differentiated 2 4.1

T classification

T3 34 69.4

T4 15 30.6

N classification

N0 21 42.9

N? 28 57.1

M classification

M0 49 100.0

M1 0 0

ECOG Eastern cooperative oncology group

Table 2 Pathologic tumor response: correlation between ypTNM

and tumor response grade (N = 49)

Stage Grade 4 Grade 3 Grade 2 Grade 1 Grade 0

ypT0N0 8

ypT2N0 5

ypT2N1 1

ypT3N0 9 4

ypT3N1 9 7

ypT3N2 3

ypT4N0 1

ypT4N1 1

ypT4N2 1

Total 8 6 18 14 3

grade 0 = no regression; grade 1 = minimal regression, i.e., domi-

nant tumor mass with obvious fibrosis and vasculopathy; grade

2 = moderate regression, i.e., fibrotic changes dominant with few

tumor cell nests easy to locate; grade 3 = good regression, i.e., very

few isolated tumor cells that are hard to find under the microscope, in

predominantly fibrotic tissues and pools of mucus; grade 4 = com-

plete regression, i.e., no tumor cells, only fibrotic tissue

ypTNM tumor classification after neoadjuvant therapy
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A summary of hematological toxicities is presented in

Table 3. Grade 3 neutropenia was observed in only one

patient. The nadir occurred on days 9–16 and was not

associated with febrile episodes. No grade 3/4 anemia or

thrombocytopenia and no grade 4 hematological events

were observed.

A summary of non-hematological toxicities is presented

in Table 4. The most common non-hematological adverse

events were radiation dermatitis noted in 29 patients

(59.2%) and diarrhea in 15 patients (30.6%). Non-hema-

tological events were usually of short duration, reversible,

and easy to manage. No grade 4 events were observed.

Long-term outcomes

The 1-year disease-free survival rate was 93.3%, and the

2-year disease-free survival rate was 82%. The 1-year

overall survival rate was 97.7%. At the last follow-up, 5 of

49 patients had relapsed. One patient had died due to dis-

tant progression of disease (liver), two patients had local

relapses, one patient had local relapse and lung and

liver metastases, and one patient had lymphonodal

dissemination.

Discussion

Our results show that preoperative radiotherapy combined

with capecitabine and mitomycin C has promising activity

with a clinical tumor response rate of 82%, a pCR of 16%,

and tumor downstaging rate of 53%. The regimen also has

an acceptable tolerability profile. No grade 4 toxicity was

observed and, with the exception of grade 3 radiation

dermatitis that occurred in 25% of patients, other grade 3

events were documented in B4% of patients. By using a

low cumulative dose of mitomycin C (14 mg/m2) as part of

our regimen, we avoided unwanted dose-related toxicities

associated with this agent (i.e., thrombotic thrombocyto-

penic purpura–hemolytic uremic syndrome) [14].

It is of interest that our findings compare favorably with

two studies that investigated combinations of 5-FU and

mitomycin C with radiotherapy in the preoperative setting

[15, 16]. In the FUMIR study [15], 83 patients were treated

with mitomycin C 10 mg/m2 on day 1 plus a 24-h con-

tinuous intravenous infusion of 5-FU 1,000 mg/m2 on days

1–4 with concurrent radiotherapy (tumor dose 37.8 Gy,

conventionally fractionated 1.8 Gy per day, 5 times per

week). Almost all patients (98%) had T3 tumors. The

response rate was 77% and pCR was 8%. Tumor down-

staging was reported in 57% of patients. Hematological

toxicity grade 3/4 was documented in 12% of patients, one

of whom died from septic complications due to leucopenia.

Grade 3 diarrhea was registered in 2% of patients. Treat-

ment was temporarily interrupted in 11% of patients due to

acute complications. Another study that investigated the

combination of 5-FU and mitomycin C in the neoadjuvant

setting was published by Chau et al. [16]. Thirty-six

patients received a protracted intravenous infusion of 5-FU

300 mg/m2/day for 12 weeks with mitomycin C 7 mg/m2/

day given by intravenous bolus every 6 weeks. At the

beginning of week 13, the 5-FU dosage was reduced to

200 mg/m2/day and combined with concomitant radio-

therapy 50.4 Gy. Postoperatively, patients received

12 weeks of mitomycin C and 5-FU at the same doses as

preoperatively. There was no grade 3 or 4 hematological

toxicity. Nine patients (25%) had grades 3 and 4 non-

hematological toxicity, such as diarrhea, stomatitis, infec-

tion, and hand-foot syndrome. The response rate was 81%.

A pCR was confirmed in one patient, and 25 patients (74%)

had downstaging of their primary tumor on histological

examination. While the usual limitations of cross-trial

comparisons should be taken into account, the findings

from the present study suggest that preoperative radio-

therapy with capecitabine and mitomycin C achieves a

higher pCR rate and has a more favorable toxicity profile

(especially with regard to hematological toxicity)

than 5-FU and mitomycin C combined with radiotherapy.

Furthermore, standard 5-FU-based regimens used in

Table 3 Hematologic toxicity: worst toxicity by patient (N = 49)

Toxicity NCI-CTC grade (no. of patients)

Grade 0 Grade 1 Grade 2 Grade 3 Grade 4

Anemia 40 7 2 0 0

Neutropenia 38 3 7 1 0

Granulocytopenia 40 5 3 1 0

Thrombocytopenia 43 6 0 0 0

NCI-CTC National cancer institute common toxicity criteria

Table 4 Non-hematologic toxicity: worst toxicity by patient

(N = 49)

Toxicity NCI-CTC grade (no. of patients)

Grade

0

Grade

1

Grade

2

Grade

3

Grade

4

Elevated creatinine 46 3 0 0 0

Elevated bilirubin 47 1 1 0 0

Elevated

transaminases

48 0 1 0 0

Nausea 47 2 0 0 0

Vomiting 48 1 0 0 0

Diarrhea 34 6 7 2 0

Mucositis 49 0 0 0 0

Radiation dermatitis 20 7 10 12 0

Neurotoxicity 48 1 0 0 0

NCI-CTC National cancer institute common toxicity criteria
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combination with radiotherapy involve either intermittent

bolus doses or a continuous infusion necessitating central

line placement. Capecitabine, on the other hand, can be

given as a convenient outpatient oral regimen which offers

continuous cytotoxic exposure during radiotherapy without

the need for a central line.

5-FU is commonly used in clinical practice as a radio-

sensitizer. However, capecitabine is now known to be at

least as effective as intravenous 5-FU/LV in the treatment

of colorectal cancer in both the metastatic [17, 18] and

adjuvant settings [19]. Pharmacoeconomic benefits in

terms of less medical resource utilization with capecitabine

have also been documented [20]. Several phase III trials

are currently comparing preoperative capecitabine and

5-FU combined with radiotherapy in patients with locally

advanced rectal cancer. In a preliminary report from the

ongoing German ML16646 study [21], improved tumor

downstaging was reported with capecitabine versus 5-FU

chemoradiotherapy in patients with locally advanced rectal

cancer. The multinational NSABP R-04 trial, which is

comparing preoperative radiotherapy plus capecita-

bine ± oxaliplatin versus radiotherapy plus 5-FU ± oxa-

liplatin in a planned sample of 1,606 patients, is also

currently ongoing. The final results of these studies will

help to determine the place of capecitabine versus 5-FU in

this setting.

To our knowledge, no other clinical trial has investi-

gated the efficacy of preoperative radiotherapy combined

with capecitabine and mitomycin C in patients with locally

advanced rectal cancer. However, this combination has

recently been investigated in patients with anal cancer [22].

The EXTRA study [22] used a schedule that was similar to

our own except that capecitabine was not given at week-

ends and mitomycin C was delivered as a single 12 mg/m2

dose on day 1 rather than as two 7 mg/m2 doses. The

toxicity profile of this regimen was similar to that observed

in our study. The major acute toxicity reported by Glynne-

Jones et al. [22] was skin desquamation; grade 3 events

were reported in 39% of patients. All other grade 3/4

toxicities (diarrhea, neutropenia, and thrombocytopenia)

occurred in 3–10% of patients.

Although no studies have investigated the efficacy of

preoperative radiotherapy combined with capecitabine and

mitomycin C in patients with locally advanced rectal

cancer, some insight can be gained by comparing our

findings with those of phase II studies that investigated

preoperative radiotherapy plus capecitabine alone in

patients with locally advanced rectal cancer. In these

studies, pCR rates ranged from 4 to 23% and downstaging

rates from 42 to 84% [23]. Grade 3 diarrhea was observed

in 3–13% of patients. As in our study, grade 3/4 hemato-

logical adverse events and grade 4 toxicities were rare or

were not observed at all. The incidence of grade 3

dermatitis, however, appeared to be higher in our study

(25%) than in studies that did not use mitomycin C (2–6%)

[23]. A direct comparison of preoperative radiotherapy

with capecitabine with or without mitomycin C is needed

to clarify the relative merits of these two regimens.

In conclusion, preoperative radiotherapy with capecita-

bine and mitomycin C showed promising efficacy with a

good tolerability profile in patients with locally advanced

rectal cancer. Further research on this combination is

merited.
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