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Abstract

Purpose—To assess the efficacy of two different approaches to neoadjuvant chemo-radiation for

distal rectal cancers.

Materials and Methods—106 patients with T3/T4 distal rectal cancers were randomized in a

phase II study. Patients received either CVI 5-FU, 225 mg/m2 per day, 7 days per week plus

pelvic hyperfractionated radiation (HRT) 45.6 Gy at 1.2 Gy bid plus a boost of 9.6 - 14.4 Gy for
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T3 or T4 cancers (Arm 1) or CVI 5-FU 225 mg/m2 per day Monday to Friday, plus Irinotecan 50

mg/m2 once weekly x 4 plus pelvic RT 45 Gy at 1.8 Gy per day and a boost of 5.4 Gy for T3 and

9 Gy for T4 cancers (Arm 2). Surgery was performed 4 to 10 weeks later.

Results—All eligible patients (n=103) are included in this analysis; excluded were 2 patients

who were ineligible and 1 patient withdrew consent. 98 of 103 patients (95%) underwent

resection . 4 patients did not undergo surgery for either disease progression or patient refusal and 1

patient died during induction chemotherapy. The median time of follow-up is 6.4 years in Arm 1

and 7.0 years in Arm 2. The pCR rate was 30% in Arm 1 and 26% in Arm 2. Loco-regional

recurrence was 16% in Arm 1 and 17% in Arm 2. Five-year survival was 61% and 75% and

Disease Specific Survival was 78% and 85% for Arm1 and Arm 2 respectively. Five second

primaries occurred in patients on Arm 1, and one second primary occurred in Arm 2.

Conclusions—High rate of Disease Specific Survival was seen in each arm. Overall survival

appears effected by the development of unrelated second cancers. The high pCR rates with 5-FU

and higher dose radiation in T4 cancers provides opportunity for increased R0 resections and

improved survival.
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Introduction

Rectal cancer management continues to evolve with new approaches to combined modality

treatments especially for advanced and distal cancers. Several studies have reported high

rates of pathological complete response (pCR) of tumor (10-30%) using neoadjuvant

chemotherapy with radiation (1-4). There is, however, no consensus as to patient selection

criteria, use of cytotoxic agents and radiation dose/time schedules. Reporting of treatment

toxicity has also been variable making it difficult to assess the most appropriate regimen of

neoadjuvant therapy for this disease.

This RTOG-0012 study was undertaken to compare neoadjuvant 5-Fluorouracil (5-FU)

infusion and radiation dose intensification (55-60 Gy), using a hyperfractionated schedule to

a chemotherapy intensification approach using Irinotecan and 5-FU with a standard radiation

schedule (50-54 Gy). The primary endpoint of the study was the pathological complete

response (pCR) and toxicity of treatment. The details of the rationale, study design and

results of the primary endpoints have been previously reported (5). The secondary endpoints,

survival and patterns of failure, are the subject of this report.

Materials and Methods

Patients with clinical T3-T4 distal rectal cancers located 0-9 centimeters from the dentate

line (3-12 cm from the anal verge- to exclude tumors involving the anal canal) were

randomized in a phase II study to receive neoadjuvant chemo-radiation followed by surgical

resection. The treatment schema is shown in figure 1. Patients were stratified by clinical

stage and received either continuous venous infusion (CVI) 5-F.U. 225 mg/m2 per day, 7

days per week plus hyperfractionated pelvic radiation therapy to a dose of 45.6 Gy at 1.2 Gy
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BID ( ≥ 6 hour interval between fractions) and a boost of 9.6 Gy for T3 and 14.4 Gy for T4

cancers, (Arm 1) or CVI 5-F.U. 225 mg/m2 per day Monday through Friday (120 hours per

week) plus Irinotecan 50 mg/m2 once weekly x 4, plus pelvic radiation (45 Gy 1.8 Gy per

day with a boost to the tumor of 5.4 Gy for T3 and 9 Gy for T4 cancers), (Arm 2). Surgery

was performed 4-10 weeks following completion of assigned treatment. While Total

Mesorectal Excision (TME) was recommended, it was not required as this was not

standardized and validated amongst surgeons in the US at the time of this study.

All patients were without evidence of distant metastasis and had a zubrod performance

status of 0-1. Patients were required to have a WBC count > 4000/ml, platelet count >

130,000 per ml, satisfactory liver and renal function tests and a bilirubin ≤ 1.5 times the

upper normal limit. All patients were required to have a chest x-ray and CT scan of the

abdomen and pelvis to determine the location, extent and size of the pretreatment disease.

An endorectal ultra sound (TRUS) was performed for TNM staging of mobile cancers. An

MRI scan of the pelvis for corroboration of TNM staging was optional. Patients were

required to sign the study specific informed consent prior to randomization. The distribution

of patients is shown in Table 1.

The initial radiation treatment was delivered to the whole pelvis. All patients were treated

with megavoltage radiation (≥ 6MV) using AP/PA and two lateral fields. The superior

border of the treatment volume was at the L5S1 junction with the inferior border a minimum

of 5cm inferior to the distal most extent of the tumor or the anal verge as identified by a

marker on simulation. Laterally the field extended 2cm lateral to the bony pelvis at its

widest point. The anterior border of the lateral fields covered the lower common and

external iliac nodes to 1cm anterior to the symphysis for anterior wall lesions and to the mid

symphysis for posterior lesions. The posterior border included the entire sacrum with a 1cm

margin posteriorly. The boost fields were planned with a 3cm margin around the tumor but

included the whole of the sacral hallow. Chemotherapy was started on day 1 of the radiation

treatment and continued until the completion of radiation therapy.

Chemotherapy and radiation were interrupted if Grade > 3 toxicity was encountered.

Chemotherapy and radiation were restarted when toxicity had resolved to Grade 1. A dose

modification of chemotherapy was undertaken for subsequent cycles. The dose of 5-F.U.

was decreased by 25% and Irinotecan to 40 mg/m2. Ninety eight of the 103 patients (95%)

underwent resection with negative margins. Twenty one patients (42%) in Arm1 and 19

(36%) in Arm 2 underwent an abdomino-perineal resection. The remaining patients had a

low anterior or other radical resection.

Post operatively chemotherapy was recommended for patients with pathological residual

disease. Patients with pCR could have their postoperative chemotherapy omitted at the

discretion of the treating physician. Twenty four patients in Arm 1 and 32 patients in Arm 2

received post op chemotherapy.

Endpoints of the study were measurement of both acute and late toxicity of treatment, as

well as pCR rate, which was defined as absence of identifiable cancer cells in the surgical

resected specimen. Any residual cancer at surgery or patients not undergoing surgery were
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considered as having < pCR. Secondary endpoints included survival and local recurrence

rates.

Statistical Considerations

This study was designed to evaluate the pCR rate for patients with cancer of the rectum

treated with neo-adjuvant chemo-radiation. Since survival and local recurrence were

secondary endpoints, the study was not powered for statistical comparison of these and the

data is presented as observed. The failure event for overall survival was death due to any

cause and was estimated using the Kaplan-Meier method(6). The failure event for disease-

specific survival was death due to study cancer or complications of protocol treatment; death

due to any other cause was treated as a competing risk. Disease-specific survival rates were

estimated using the cumulative incidence method(7). All statistical analyses were performed

using SAS®.

Results

Patient Characteristics

Fifty-two patients were entered in Arm 1 and 54 patients on Arm 2 between February 1,

2001 and January 22, 2003. Two patients were ineligible for the study, one on each Arm,

and one patient on Arm 1 withdrew consent (Figure 2). The median follow up is 6.4 years in

Arm 1 and 7.0 years in Arm 2. There were more males in Arm 1 than on Arm 2 (76% vs.

55% respectively, p=0.024) but otherwise pretreatment characteristics were well balanced

(Table 1).

Response Rate

Four patients did not undergo the planned surgery (3 in Arm 1 and 1 in Arm 2) because of

either disease progression or patient/physician refusal and one patient in Arm 1 died during

induction therapy for an overall resectability rate of 95%. The median time to surgery was

8.1 weeks of all eligible patients who started treatment on Arm 1 and 6.9 weeks on Arm 2

(p=0.059). The pCR rate, as determined on surgical review, was, 15/50 (30%) in Arm 1 and

14/53 (26%) in Arm 2. For T3 cancers, 29% of patients achieved pCR as compared to 31%

for T4 cancers on Arm 1. For T3 cancers on Arm 2, 31% achieved pCR as compared to 14%

for T4 cancers. The overall tumor down staging rate was 74% in Arm 1 and 75% in Arm 2

(Table 2).

Toxicity

In general the treatment was well tolerated. Acute and late toxicity was previously reported

(5). Worst overall late RT toxicity ≥ grade 3 was 8% (n=4) on Arm 1 and 13% (n=7) on Arm

2.

Survival

The overall survival at 5 years was 61% (95% CI: 47%, 74%) in Arm 1 and 75% (95%CI:

61%, 85%) in Arm 2 (Figure 3). The 5-years Disease Specific Survival was 78% (95% CI:

66%, 90%) in Arm 1 and 85% (95% CI: 75%, 95%) in Arm 2. Survival for patients with a
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pCR was 79% and 85% in Arms 1 and 2 respectively, as compared to the survival for patient

with less than pCR (54% and 72% respectively). The 5-yr. DSS for T4 cancers was 87.5%

(95% CI: 71%,100%) in Arm1 as compared to 71.4% (95%CI: 47%,96%) in Arm 2.

Patterns of Failure

The patterns of first failure were similar in both arms of the study. Loco-regional recurrence

was seen in 8/50 (16%) of all eligible patients in Arm 1 and 9/53 (17%) in Arm 2. This

included 4 patients who did not undergo surgery but are considered as local failure of

treatment in Arm1 and 1 patient in Arm 2. For patients having surgery, 4 patients (8.6%) in

Arm 1 and 8 patients (15%) in Arm 2 developed a loco-regional recurrence. For patients

with pCR following surgery, no patients in Arm 1 and 1 patient in Arm 2 developed a loco-

regional recurrence. All of the other recurrences were in patients with < pCR. The overall

rate of distant metastasis was 8/50 (16%) in Arm 1 and 11/53 (21%) in Arm 2. The rate of

distant metastasis for patients undoing surgery was 2/15 (13%) with pCR and 8/31 (26%) in

patients with <pCR in Arm 1, and 2/14 (14%) with pCR and 11/38 (29%) in patients with

<pCR in Arm 2.

Six second primary cancers developed in these patients, five in Arm 1(Lip sarcoma,

melanoma, lung cancer, bladder, and colon) and 1 in Arm 2 (lung cancer). Four of the five

second primary cancers in Arm 1 occurred in pCR patients and one in <pCR patients. The

one second primary in Arm 2 was in a patient with <pCR.

Discussion

Preoperative radiation for treatment of advanced rectal cancer has historically been used to

downstage the disease in an effort to maximize surgical resection of marginal and

unresectable tumors. Recent studies have shown that preoperative radiation has resulted in

improved local control and survival of patients even with early cancers (1-3). The combined

use of chemotherapy with radiation has been shown to further improve downstaging of

disease and increase the rate of pathological complete responses than with preoperative

radiation alone. 5-fluorouracil has been the mainstay of combined chemotherapy and

radiation for gastro-intestinal tumors. Improved outcomes observed with continuous

infusion of 5-FU with radiation has been most efficacious in the postoperative adjuvant

setting in the Intergroup 0014 trial as compared to bolus 5-FU and this appears to also hold

true for neoadjuvant combined modality therapy (8).

While the response of rectal cancer to neoadjuvant chemo-radiation has been impressive, the

addition of chemotherapy has also lead to increased GI, mucosal and hematologic toxicity.

Many of the studies utilizing combined chemotherapy and radiation have reported GI

toxicities ranging from 21 to 44% (≥ Grade 3) (9 -14).

The question therefore remains whether the increased tumor downstaging and pathological

complete response rates observed with combined modality treatment at the expense of

enhanced toxicity translates into improvement in survival of patients. Reports have now

shown that pathological downstaging does lead to improved survival of patients(14-17). In

patients with a pCR, survival of patients has ranged from 85 to 100%. It has been shown that
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radiation dose, even in the presence of chemotherapy, is of significant importance in

downstaging of disease(15 ). At the same time, it has been observed that combinations

Irinotecan/5-FU also have higher response rates than single agent 5-FU alone(18 ). This study

was therefore designed to test two experimental arms using a radiation dose intensification

(total dose of 55 to 60 Gy) versus a chemo-intensification using two drugs, 5-FU/CPT-11

combined with the standard radiation dose of 50 to 54 Gy, to establish the most efficacious

approach to neoadjuvant therapy in rectal cancer. The results of this study indicate that the

rate of tumor downstaging in T3, T4 cancers is high (80%) and similar with both radiation

dose intensification or with chemotherapy intensification. The higher dose of radiation did

not compromise tumor resectability or increase surgical wound complications.

The pathological complete response of 26-30% in this study appeared higher than most other

studies, where a more moderate dose of radiation (45 to 50.4 Gy) has been utilized (Table

3). The pCR rate in Arm 2 in this study was higher than the identical Irinotecan/Capcitabine/

Radiation in the subsequent RTOG -0247 study but similar to the Capcitabine/Oxaliplat/

Radiation (22%) arm of that study (14). The acute toxicity observed in this study was also

similar to that observed in other studies (15 to 40%) but somewhat higher than the non-

hematological toxicity in the RTOG-0247 study (24-29%)(table 3). There was a marked

difference in pathological complete response for T3 tumors (31%) as compared to T4 tumors

(14%) on Arm 2, indicating that tumor volume may be a critical factor in pCR as a function

of treatment. Radiation dose may be a significant factor in pCR rates especially compared

with results of preoperative chemo-radiation in the German trial were pCR was 10% for T3

cancers and 0% for T4 cancers using a moderate dose of radiation (50.4 Gy) (1 ). In

comparison the 31% (5/16) pCR rate for T4 cancers in Arm 1 and 14% (2/14) in Arm 2 is

encouraging even though the numbers of patients was relatively small.

The median follow up time in this study is over five years and since most recurrences in

rectal cancer occur within the first two years, this data provides a useful perspective on

patterns of failure and survival of these patients. The overall survival with 5-FU, radiation

(Arm 1) at five years was 61%, and the overall survival at five years in the Irinotecan/5-FU/

radiation arm was 79%. However, the survival in the 5-FU radiation arm could have been

compromised with the unanticipated occurrence of five second primary tumors as compared

to one in the Irinotecan/5-FU /radiation arm. This survival outcome is similar to the survival

reported in other studies (1,13) especially considering that the proportion of T4 cancers was

higher in this study (26-32%) than the T4 cancers (6% ) included in the German Trial (1). A

disease-specific survival at five years of 78% in 5-FU/radiation and 85% in the Irinotecan/5-

FU/ radiation arm is a high cure rate for T3 and T4 distal rectal cancers compared to other

reported series and compared to historical results of postoperative adjuvant studies which

have reported a survival of 55 to 60% in a resectable group of patients (1,8). This is

especially significant as TME was not a requirement of this study.

The survival of patients clearly is impacted by the level of downstaging even in this study

with patients with pCR having a survival of 79% and 85% in Arms 1 and 2, as compared to

those with less than pCR of 54% and 72% respectively. These results reflect a similar

outcome to other studies where patients having a pCR have excellent outcomes (17).
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The high survival observed in T4 cancers ( 55% in Arm1 and 62% in Arm 2) is especially

encouraging and may be a reflection of higher downstaging (pCR rates) due to the higher

radiation dose which in turn may allow for greater opportunity for R0 resections in these

patients leading to improved survival. The differences in the two arms of this study were not

compared for statistical significance because this study was not powered for comparison of

secondary endpoints. The lower survival in Arm 1 may be a reflection of the slightly higher

number of male patients and T4 tumors in this Arm and the high incidence of second

primary cancers. The overall survival in these patients is also calculated on an “intent-to-

treat” basis and 4/50 (6%) patients on Arm 1 and 1/53 (2%) in Arm 2 did not undo surgery

but are included in the survival estimates.

Surprisingly the local recurrence rate was not impacted by the pathological completeness of

response. Local recurrence was 16% in the Arm 1 and 17% in Arm 2 as site of first failure.

Again, these results appear higher than other recent reported results following neoadjuvant

therapy. However, this study was undertaken before the requirement of Total Meso-rectal

excision (TME) and also included a significantly higher proportion of T4 cancers in both

cohorts compared to most recent randomized studies.(11-14) Patients not able to undergo

surgery are also included as having failed with local disease-4 in Arm 1 and 1 in Arm 2.

Excluding these patients the effective local recurrence rate would be 8% in Arm 1 and 15%

in Arm 2. Distant metastasis was somewhat greater in those patients having less than a pCR

(26% versus 7% in Arm 1, and 29% versus 14% in Arm 2). However, these were less than

the 30% rate of distant metastasis reported in the German trial(1 ).

Conclusion

Neoadjuvant chemoradiation for advanced rectal cancer is safe with acceptable toxicity.

While a high rate of Disease Specific Survival was seen in each arm, overall survival

appears to be effected by the development of unrelated second cancers in this study. The

high pCR rates and improved DSS with 5-FU and higher dose radiation (55-60 Gy) in T4

cancers provides an opportunity for increased R0 resections and potential for further

improvement in survival.
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Figure 1.
Treatment Schema for RTOG 00-12

NEOADJUVANT THERAPY FOR RECTAL CANCER
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Figure 2.
RTOG 00-12 CONSORT Flow Diagram
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Figure 3.
Survival of all patients in Arm 1 (5-FU /RT) and Arm 2 (5-FU+ CPT-11 /RT)
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Table 1

Distribution of Patients

5-FU & RT
(n=50)

5-FU/CPT-11 & RT
(n=53) p-value*

Age

 Median 56 58

 Range 26-78 22-80

Gender

 Male 38 (76%) 29 (55%) 0.024

 Female 12 (24%) 24 (45%)

Race 0.89†

 White (not of Hispanic origin) 42 (84%) 45 (85%)

 Hispanic 3 (6%) 2 (4 %)

 Black (not of Hispanic origin) 5 (10%) 4 (8%)

 Asian 0 2 (4 %)

Zubrod 0.19

 0 35 (70%) 43 (81%)

 1 15 (30%) 10 (19%)

T-Stage 0.53

 T3 34 (68%) 39 (74%)

 T4 16 (32%) 14 (26%)

N-Stage 0.98

 N0
 N+

31 (62%)
19 (38%)

33 (62%)
20 (38%)

*
From Chi-Square Test

†
Comparing White (not of Hispanic origin) vs. Otherwise
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Table 3

Recent results of neoadjuvant therapy for Rectal cancer

Series RT Chemo pCR Toxicity 5 yr
Survival

RTOG -
0247(19)

50.4 Gy Cap/Irinotecan
Cap/Oxal

10%
22%

24%
29%

Not
available

German (1) 50.4 Gy 5-FU 8% 23% 76%

Accord (11) 45 Gy 5-FU
5-FU/Oxal

14%
19%

25% Not
available

Star -01(12) 50.4 Gy 5-FU
5-FU/Oxal

16%
16%

8%
24%

Not
available

NSABP R-
03(13)

50.4 Gy 5-FU 16% 36% 75%

NSABP R-
04(14)

50.4 ± 5.4
Gy

5-FU
5-FU/Oxal

19%
22%

35%
40%

Not
available

RTOG-0012(19) 55-60 Gy/bid
50-55 Gy

5-FU
5-FU/CPT-11

33%
28%

36%
47%

61%
75%
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