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PURPOSE: The aim of this study was to evaluate factors
associated with pathologic tumor response following pre-
operative chemoradiation therapy, and the prognostic im-
pact of pathologic response on overall and disease-free sur-
vival. METHODS: Between 1994 and 2002, 132 patients
underwent chemoradiation therapy followed by surgery for
middle to lower rectal cancer. After excluding 26 cases
(metastatic cancer, n = 13; nonradical surgery, n = 6; local
excision procedure, n = 4; non-5-fluorouracil-based chemo-
therapy, n = 2; incomplete data on preoperative chemora-
diation therapy regimen used, n = 1), the remaining 106
patients were included in the study. Variables considered
were the following: age, gender, tumor location, pretreat-
ment T and N stage, modality of 5-fluorouracil administra-
tion, total radiotherapy dose delivered, chemoradiation
therapy regimen used (Regimen A: chemotherapy (bolus of
5-fluorouracil and leucovorin, days 1–5 and 29–33) + radio-
therapy (45 Gy/25 F/1.8 Gy/F); Regimen B: chemotherapy
(5-fluorouracil continuous venous infusion ± weekly bolus

of carboplatin or oxaliplatin) + radiotherapy (50.4 Gy/28
F/1.8 Gy/F)), time interval between completion of chemo-
radiation therapy and surgery, postoperative chemotherapy
administration, surgical procedures, pT, pN, and pTNM
stage, and response to chemoradiation therapy defined as
tumor regression grade, scored from 1 (no tumor on surgi-
cal specimen) to 5 (absence of regressive changes). Statis-
tical analysis was performed by means of logistic regression
analysis (Cox’s model for overall and disease-free survival).
RESULTS: Median age of the 106 patients was 60 (range,
31–79) years and the male:female ratio, 66:40. Median dis-
tance of tumor from the anal verge was 6 (range, 1–11) cm.
Pretreatment TNM stage, available in 104 patients, was cT3–
T4N0, n = 41; cT2N1, n = 9; cT3N1, n = 39; and cT4N1,
n = 17. The median radiotherapy dose delivered was 50.4
(range, 40–56) Gy; 58 patients received 5-fluorouracil by
continuous venous infusion, and carboplatin with oxalipla-
tin was added to the chemotherapy schedule in 71 cases.
Patients were given Regimen A in 47 cases and Regimen B
in 59. The median interval between chemoradiation therapy
and surgery was 42.5 (range, 19–136) days, and 94 patients
underwent a sphincter-saving procedure. Tumor regression
grade, available in 104 cases, was 1, n = 19; 2, n = 18; 3,
n = 15; 4, n = 13; and 5, n = 39. At a median follow-up of 42
(range, 1–110) months, 11 patients had died, and 95 were
alive. None of the patients had local recurrences, but 13 had
distant recurrences. At logistic regression analysis, the che-
moradiation therapy regimen used was the only indepen-
dent predictor of tumor response following preoperative
chemoradiation therapy (odds ratio = 0.29, 95% confidence
interval = 0.13–0.67, P = 0.003). At Cox’s regression analy-
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sis, pretreatment T stage was the only independent prog-
nostic factor for both disease-free survival (relative risk =
7.13, 95% confidence interval = 2.3–21.8, P = 0.001) and
overall survival (relative risk = 4.83, 95% confidence interval
= 1.1–19.9, P = 0.029). CONCLUSIONS: Tumor response
following preoperative chemoradiation therapy is mainly
related to the preoperative regimen used. For patients re-
ceiving preoperative chemoradiation therapy, pretreatment
T stage, but not tumor response to preoperative chemora-
diation therapy, is prognostic for outcome (both disease-
free and overall survival). [Key words: Rectal cancer; Patho-
logic complete response; Radiotherapy; Chemotherapy;
Adjuvant therapy]

P ostoperative adjuvant combined chemotherapy
and radiotherapy (CRT) has long been consid-

ered standard treatment for locally advanced rectal
cancer (T3–T4 and or positive lymph nodes).1 Now,
however, combined preoperative CRT has gained
popularity, and is accepted worldwide as a valid op-
tion in the treatment of locally advanced middle to
lower rectal cancer. This approach allows high rates
of tumor resectability,2,3 sphincter-saving proce-
dures,4,5 and downstaging3,6,7; it has also been re-
ported to improve local control and five-year survival
rates.3,6,8–10

One potential advantage of preoperative combined
treatment is that it can lead to clinical and pathologic
disappearance of the tumor. Findings for pathologic
complete response (pCR) after preoperative CRT vary
greatly,2,8,10–12 and predictive factors for tumor re-
sponse are still a controversial issue. Most authors
suggest that better outcomes may be expected for
patients with a pCR after preoperative CRT.6,13,14

However, the outcome measures (local control, or
disease-free or overall survival) considered in series
reported on in the literature vary.6,13,14 Moreover, in
some series no correlation has been found between
pCR and outcomes.15 A better outcome for complete
responders may have relevant clinical implications,
particularly in relation to the need for adjuvant treat-
ment, and for a different surgical approach.

The aim of this study was to evaluate, in a retro-
spective consecutive series of locally advanced
middle to lower rectal cancer, factors predictive of
response to preoperative CRT and the prognostic im-
pact of pCR on outcomes (overall survival (OS) and
disease-free survival (DFS)).

PATIENTS AND METHODS

Patient Selection

Between January 1994 and June 2002, 132 consecu-
tive patients with primary adenocarcinoma of the

middle and lower rectum underwent surgery at
Clinica Chirurgica II, the University of Padova, follow-
ing preoperative combined CRT. The evaluation of
patients included a complete clinical history and
physical examination, proctoscopy and/or colonos-
copy, complete blood cell count, chest x-ray, hepatic
and transrectal ultrasound (TRUS), pelvic computed
tomography (CT) scan, and carcinoembryonic anti-
gen test. Criteria used for giving preoperative adju-
vant-combined CRT were a) biopsy-proven adenocar-
cinoma of the middle and lower rectum; b)
preoperative stage T3–T4 and/or node positive; c) age
�75 years; and d) Eastern Cooperative Oncology
Group performance status of 0 to 2. Carcinomas were
considered localized in the lower two-thirds of the
rectum if their lowest edge was up to 11 cm from the
anal verge. To make the series more homogeneous
and to rule out potential biases of patient selection, 26
patients were not included in the study for the fol-
lowing reasons: distant metastasis (n = 13); local re-
sidual tumor following surgery, both microscopic (n =
4) and macroscopic (n = 2); local excision (n = 4)
following preoperative CRT; non-fluorouracil (5-FU)-
based CRT (n = 2); or no reliable data available on the
preoperative CRT regimen used (n = 1). The study
group comprised the remaining 106 patients.

Chemoradiation

Preoperative therapy. Patients underwent external
beam radiotherapy (RT) with LINAC (linear accelera-
tor) x-ray (10 MV). The clinical target volume, accord-
ing to the ICRU 50, included primary tumor and re-
gional lymph nodes (mesorectal, presacral, internal
iliac vessels, and obturator foramen). The four-beam
“box technique” was used, with the upper border ex-
tending to L5/S1. Chemotherapy consisted of 5-FU
alone or in combination with other drugs (leucovorin,
carboplatin, or oxaliplatin). During the period consid-
ered, different regimens were used. Variations in pre-
operative therapy were related to a) the period of
treatment (during the initial years of the study we
routinely used 5-FU bolus together with low-dose leu-
covorin and external beam RT, 45 Gy in 25 fractions,
and in later years we used 5-FU continuous venous
infusion (CVI) and external beam RT, 50.4 Gy in 28
fractions); b) the enrollment of patients in prospective
clinical trials; and c) the different treatment regimens
used by the referring RT and oncological units. On the
basis of preoperative CRT regimen used, patients
were subdivided into two groups: 1) Regimen A: ex-
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ternal beam RT (45 Gy in 25 fractions of 1.5 Gy/day)
and fluorouracil (5-FU 350 mg/m2/day) with low-
dose leucovorin (10 mg/m2/day) bolus for five days
on days 1 to 5 and 29 to 33 during RT; and 2) Regimen
B: external beam RT (50.4 Gy in 28 fractions of 1.8
Gy/day) and fluorouracil CVI (5-FU 225 mg/m2/day
for the duration of radiation). This regimen was used
in the more recent years. Some of the patients in this
second subgroup also received weekly bolus of ox-
aliplatin (25–60 mg/m2/day) or carboplatin (70 mg/
m2/day) in addition to 5-FU CVI. Patients on intrave-
neous oxaliplatin were enrolled in Phase I–II trials in
which a combination of 5-FU CVI and weekly admin-
istration of oxaliplatin were used.

Postoperative chemotherapy. Some patients were
given postoperative adjuvant chemotherapy, usually
four to six cycles of 5-FU 375 mg/m2/day and leu-
covorin 100 mg/m2/day, bolus on days 1 to 5 every 28
days. Again, variations in adjuvant chemotherapy ad-
ministered were related to the period of treatment
(during the initial years of the study we did not use
adjuvant chemotherapy for patients staged as pTNM
0–I, whereas more recently adjuvant chemotherapy
was given to all patients irrespective of pTNM stage);
the enrollment of patients in prospective clinical trials;
and the different treatment regimens used by the re-
ferring oncological units.

Surgery

Surgery was planned six to eight weeks following
the completion of preoperative therapy. The inferior
mesenteric artery was usually divided at its origin and
standard lymphadenectomy was performed. The me-
sorectum was completely removed by means of a
sharp dissection in the avascular planes between the
fascia propria and parietal tissue under direct vision.
Further technical details of total mesorectal excision
(TME) are given elsewhere.8,16

Pathology

Surgical specimens were reviewed by two patholo-
gists (VR, FM) who were unaware of the patients’
outcome and reported findings following the Ameri-
can Joint Committee on Cancer TNM classification.17

The tumor response to preoperative therapy was re-
ported following the Tumor Regression Grade (TRG)
criteria proposed by Mandard et al.18 for esophageal
carcinoma: TRG-1, pathologic complete response
(pCR), i.e., absence of viable cancer cells in the re-

sected specimen; TRG-2, presence of residual cancer
cells; TRG-3, fibrosis outgrowing residual cancer cells;
TRG-4, residual cancer cells outgrowing fibrosis; and
TRG-5, absence of response. The rationale for using
the TRG criterion in the setting of this study was be-
cause it is a specific measure for tumor response fol-
lowing preoperative CRT. However, on making sta-
tistical analysis, we also considered the more
standardized pTNM stage system.

Study End Points

The end points of the study were 1) the pathologic
response to preoperative CRT evaluated by the TRG
score; 2) tumor recurrence, defined as local (any re-
currence in the pelvis) or distant (any recurrence out-
side the pelvis); and 3) crude OS.

Follow-Up and Statistical Analysis

Patients were examined at routine follow-up 3, 6,
12, 15, and 18 months after surgery, and then yearly.
At each follow-up, carcinoembryonic antigen level
was determined and liver ultrasound and sigmoidos-
copy were performed. A chest x-ray and colonoscopy
were performed yearly. Survival was considered the
interval between surgery and the date of the last fol-
low-up or death (OS) or the date of the last follow-up
or recurrence (DFS).

Recurrence was determined by clinical examina-
tion, x-ray, or biopsy. Local recurrence was defined as
a recurrence in the pelvis (tumor bed, pelvic nodes,
anastomosis, drain site, or perineal scar). Any other
recurrence was defined as “distant recurrence.”

Continuous variables were reported as a median
(range) value. The association between variables was
analyzed for significance by use of Fisher’s exact test
or chi-squared test (for categorical variables), and the
Kruskall-Wallis test (for continuous variables). Sur-
vival curves, estimated with the Kaplan-Meier
method, were compared by means of the log-rank
test.

To find factors predictive of tumor response follow-
ing preoperative CRT, univariate and multivariate
analyses were performed with logistic regression
analysis and stepwise procedure. For this analysis,
following the method described by Mandard et al.,18

patients were subdivided into two groups: responders
(TRG-1, TRG-2, TRG-3) and nonresponders (TRG-4,
TRG-5).

The prognostic relevance of a single factor for OS
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and DFS was determined by univariate analysis and
Cox’s multivariate proportional hazards model
through stepwise procedure. A P value of �0.05
was considered statistically significant.

RESULTS

Patients, Tumor, and
Treatment Characteristics

Patients, tumors, and treatment characteristics are
listed in Table 1. Preoperative TNM stage was avail-
able in 104 cases, and in 9 patients, staged as cT2,
regional lymph nodes were considered positive
(pTNM stage III).

Pathologic response in postirradiated surgical
specimens, whether reported as tumor regression
grade (TRG) or as pTNM stage, is shown in Table 2.

No correlation was found between pretreatment T
stage and adjuvant chemotherapy, whereas 70 and 34
patients with pretreatment N-positive and N-negative
stage, respectively, underwent adjuvant chemo-
therapy (P = 0.000). Moreover, a significant percent-
age of patients with a higher pTNM stage or TRG
score underwent postoperative chemotherapy: 42
percent of patients with pCR or pTNM stage I com-
pared with 76 percent of those with pTNM stage 2–3
(P = 0.004); likewise, 63 percent of patients with poor
response (TRG-4 to TRG-5) received adjuvant chemo-
therapy, compared to 38 percent of those with a good
response (TRG-1 to TRG-2) (P = 0.038).

Factors Predictive of Tumor Response
to Preoperative Chemotherapy

and Radiotherapy

At logistic regression univariate analysis (Table 3),
CVI of 5-FU (odds ratio (OR) = 0.32, 95% confidence
interval (CI) = 0.14–0.73, P = 0.007), high RT doses
delivered (OR = 0.99, CI = 0.98–0.99, P = 0.006), and
Regimen B (OR = 0.29, CI = 0.13–0.67, P = 0.003) were
found to be predictors of a better tumor response.

At multivariate analysis, only the CRT regimen used
independently predicted a better response (Table 3).

Factors Prognostic for Disease-Free and
Overall Survival

At a median follow-up of 42 (range, 1–110) months,
no local recurrences and 13 distant recurrences were
found. The median time interval between surgery and
recurrence was 22 (range, 6–48) months. Of 19 pa-
tients with pCR, 3 had distant metastases at 16, 18, and
31 months following surgery and 3 died, 2 of them of
cancer-related causes. Overall, 93 patients are alive
and disease-free, 2 patients are alive with disease, and
11 patients have died, 7 of cancer-related causes. Be-
cause the number of events (recurrences and deaths)
was low, and to enable statistical analyses, preopera-
tive stage cT2 patients were considered together with
cT3 stage patients, postoperative stage pT0 patients
were considered together pT1 stage patients, and pT3
stage patients were considered together with pT4
stage patients.

The actuarial five-year survival was 83.6 percent for
both OS and DFS.

Table 1.
Patient Characteristics

Variable
Median (range)

or No. (%)

Age (years) 60 (31–79)
Gender

Female 40 (38%)
Male 66 (62%)

Tumor location (cm) 6 (1–11)
Preoperative cTNM stagea

cT3N0 40 (38%)
cT4N0 1 (1%)
cT2N1 9 (9%)
cT3N1 37 (36%)
cT4N1 17 (16%)

Total RT dose delivered (Gy) 50.4 (40–56)
5-FU administration

Bolus 48 (45%)
CVI 58 (55%)

CRT regimen
Ab 47 (44%)
Bb 59 (56%)

Carboplatin or oxaliplatin
Yes 71 (67%)
No 35 (33%)

Interval RT to surgery (days) 42.5 (19–136)
Surgical procedure

Abdominoperineal resection 12 (11%)
Low anterior resection 93 (88%)
Hartmann’s procedure 1 (1%)

Postoperative ChT
Yes 59 (56%)
No 47 (44%)

Data are reported as median (range) or No. (%).ChT =
chemotherapy; CRT = chemotherapy + radiotherapy;
cTNM = preoperative, clinical TNM; CVI = continuous ve-
nous infusion; 5-FU = 5-fluorouracil; RT = radiotherapy.

aPreoperative stage available in 104 cases.
bRegimen A: ChT (bolus of 5-FU and leucovorin, days

1–5 and 29–33) + RT (45 Gy/25 F/1.8 Gy/F). Regimen B:
ChT (5-FU CVI ± weekly bolus of carboplatin or oxalipla-
tin) + RT (50.4 Gy/28 F/1.8 Gy/F).
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At univariate analysis, statistically significant prog-
nostic factors for both DFS (Table 4) and OS (Table 5)
were clinical pretreatment T stage and surgical pro-
cedure performed. Five-year actuarial DFS for patients
with clinical pretreatment stages T2, T3, and T4 was
90 percent, 83 percent, and 41 percent, respectively
(P = 0.003), and the corresponding five-year actuarial
OS was 100 percent, 85 percent, and 43 percent, re-
spectively (P = 0.043). Patients who underwent a
sphincter-saving procedure had a five-year DFS and
OS of 85 percent and 86 percent, respectively, com-
pared with 63 percent and 57 percent, respectively,
for patients who underwent an abdominoperineal
procedure (DFS, P = 0.021; OS, P = 0.023). No statis-
tically significant differences were found for DFS and
OS on comparing the actuarial survival curves of pa-
tients with different tumor responses to preoperative
treatment, whether evaluated as TRG (Fig. 1) or as
pTNM stage (Fig. 2).

At multivariate analysis, the only independent
prognostic factor for DFS (Table 4) and OS (Table 5)
was found to be the pretreatment T stage.

DISCUSSION

This retrospective study was undertaken to identify
factors predictive of tumor response following preop-
erative CRT and to evaluate the impact of tumor re-
sponse on outcome. Our findings show that the tumor
response following preoperative CRT depends on the
modality of treatment used: a better tumor response is
achieved with high RT doses and CVI of 5-FU. How-
ever, the outcome (DFS and OS) is unrelated to tumor
response and depends on the pretreatment stage.

Clinical stage, as defined by TRUS and by CT scan
with air insufflation in the rectum, is reported to be
inaccurate in 10 percent to 30 percent for T stage, and

Table 2.
Relationship Between Tumor Regression Grade and Pathologic TNM Stage Following Preoperative Chemotherapy

and Radiotherapy

TRGa

pTNM Stage

pCR 1 2 3 Total

1 19 — — — 19 (18.3)
2 — 16 1 1 18 (17.3)
3 — 7 3 5 15 (14.4)
4 — 6 5 2 13 (12.5)
5 — 16 11 12 39 (37.5)
Total 19 (18.3) 45 (43.3) 20 (19.2) 20 (19.2) 104 (100)

pCR = pathologic complete response; TRG = tumor regression grade.
aTRG is reported in 104 out of 106 patients (in 2 cases, both pT3N0M0, TRG was not available).

Table 3.
Factors Associated with Tumor Response in 104 Rectal Cancer Patientsa

Univariate Analysis Multivariate Analysis

Variable OR (CI) P Value OR (CI) P Value

Age 0.98 (0.94–1.03) NS
Gender (male vs. female) 1.63 (0.73–3.62) NS
Tumor location 0.94 (0.81–1.10) NS
Pretreatment T stage (T2–T3 vs. T4) 1.31 (0.47–3.64) NS
Pretreatment N stage (–ve vs. +ve) 0.55 (0.24–1.25) NS
5-FU (bolus vs. CVI) 0.32 (0.14–0.73) 0.007
Regimen (A vs. B)b 0.29 (0.13–0.67) 0.003 0.29 (0.13–0.67) 0.003
Carboplatin or oxaliplatin (yes vs. no) 0.77 (0.34–1.74) NS
Total RT dose 0.99 (0.98–0.99) 0.006
RT to surgery interval 1.00 (0.98–1.03) NS

CI = confidence interval; CVI = continuous venous infusion; 5-FU = 5-fluorouracil; NS = not significant; OR = odds ratio;
RT = radiotherapy; -ve = negative; +ve = positive.

aData from univariate and multivariate analysis (logistic regression analysis).
bRegimen A: chemotherapy (bolus 5-FU and leucovorin, days 1–5 and 29–33) + RT (45 Gy/25 F/1.8 Gy/F). Regimen

B: chemotherapy (5-FU CVI ± weekly bolus of carboplatin or oxaliplatin) + RT (50.4 Gy/28 F/1.8 Gy/F).
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in 20 percent to 40 percent for N stage.19–23 In our
study, ultrasound T stage was evaluated following the
Hildebrandt classification,20 and pelvic CT scan was
performed after air insufflation of the ampulla.
Through use of this method, T1–T2 and T3 lesions are
correctly identified by CT scan in 81.9 percent and
82.5 percent of cases, respectively. For N stage (con-
sidering metastatic all lymph nodes >0.5 cm of diam-
eter), diagnostic accuracy was reported to be 79.2 per-
cent.22 We are aware that accuracy of clinical stage is
a major concern and one of well-known disadvan-
tages of the neoadjuvant approaches. Approaches us-
ing magnetic resonance imaging or positron emission
tomography may improve accuracy of clinical stage
and correctly select patient candidates for preopera-
tive CRT.

Preoperative CRT therapy is a well-established
treatment for locally advanced middle to lower rectal
cancer. The absence of viable cancer cells (pCR) on
the resected specimen following this treatment ranges
from 4 percent to 44 percent of cases.2,8,10–12 The
reasons for this wide variability in response are un-
clear, and the results of studies reporting on clinico-

pathologic factors predictive of tumor response are
controversial. Discrepancies between studies are
mainly related to differences in patient selection, ac-
curacy of preoperative staging and pathologic reports,
and differences in treatments and definitions used for
tumor response. Moreover, few studies take the tumor
biology into account. Several biologic markers have
been reported to be associated with tumor response:
proliferative cellular nuclear antigen and Ki-67,24

p27,25 p53,26,27 and p21 expression,28 and apopto-
sis.27 Moreover, variations in the levels of enzymes,
such as thymidylate synthase, involved in the metabo-
lism of 5-FU, may be important in predicting response
to chemotherapy,29,30 and polymorphisms of the re-
peated sequences in the enhancer region of the thy-
midylate synthase gene promoter may predict down-
staging following CRT in rectal cancer.31 Tumor
biology is likely to play a key role in explaining CRT
responsiveness of rectal cancer, and biologic markers
should be considered in future studies in this field.

Concerning clinicopathologic factors, in two large
retrospective studies on patients with locally ad-
vanced rectal cancer who underwent CRT14 (n = 168)

Table 4.
Factors Associated with Disease-Free Survival in 106 Rectal Cancer Patientsa

Univariate Analysis Multivariate Analysis

Variable RR (CI) P Value RR (CI) P Value

Age 0.98 (0.92–1.04) NS
Gender (male vs. female) 2.06 (0.57–7.48) NS
Tumor location 0.827 (0.64–1.05) NS
Pretreatment T stage (T2–T3 vs. T4) 7.13 (2.32–21.89) 0.001 7.13 (2.32–21.89) 0.001
Pretreatment N stage (+ve vs. –ve) 1.62 (0.52–5.03) NS
5-FU (bolus vs. CVI) 1.2 (0.38–3.7) NS
Regimen (A vs. B)b 1.62 (0.51–5.07) NS
Carboplatin or oxaliplatin (yes vs. no) 1.19 (0.36–3.96) NS
Total RT dose 1 (0.9–1.0) NS
RT to surgery interval 0.98 (0.9–1.0) NS
Postoperative ChT (yes vs. no) 0.69 (0.2–2.1) NS
SSP (yes vs. no) 0.29 (0.8–0.9) 0.029
pT stage (0 vs. 1–2 vs. 3–4) NS

pT0 vs. pT1–pT2 0.54 (0.13–2.27) NS
pT0 vs. pT3–pT4 0.94 (0.22–3.96) NS
pN stage (+ve vs. –ve) 1.42 (0.3–5.1) NS

pTNM (0–1–2–3) NS
pTNM0 vs. pTNM1 0.53 (0.11–2.38) NS
pTNM0 vs. pTNM2 0.75 (0.15–3.76) NS
pTNM0 vs. pTNM3 0.96 (0.19–4.81) NS

TRG (1–2–3 vs. 4–5) 2.16 (0.66–7.05) NS

ChT = chemotherapy; CI = confidence interval; CVI = continuous venous infusion; 5-FU = 5-fluorouracil; NS = not
significant; RT = radiotherapy; RR = relative risk; SSP = sphincter-saving procedure; TRG = tumor regression grade; -ve
= negative; +ve = positive.

aData from univariate and multivariate analysis (Cox’s regression model with stepwise procedure).
bRegimen A: chemotherapy (bolus 5-FU and leucovorin, days 1–5 and 29–33) + RT (45 Gy/25 F/1.8 Gy/F). Regimen

B: chemotherapy (5-FU CVI ± weekly bolus of carboplatin or oxaliplatin) + RT (50.4 Gy/28 F/1.8 Gy/F).
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or RT alone32 (n = 167) followed by curative surgery,
Garcia-Aguilar et al.14 and Berger et al.32 found pCR
of 13 percent and 5 percent, respectively. In neither
study were clinicopathologic factors found to be as-
sociated with tumor response. Mohiuddin et al.12

found an overall pCR of 30 percent. Like us, these
authors observed a higher pCR rate in patients receiv-
ing 5-FU by CVI than in those receiving 5-FU bolus
(67 percent vs. 10 percent, P = 0.0002), and in patients
receiving total RT dose �55 Gy than in those re-
ceiving a radiation dose of �5000 Gy (44 percent
vs. 13 percent, P = 0.05). Higher pCR rates have also
been reported by other authors7,11 using more aggres-
sive CRT treatment regimens. Based on results in the
literature and our findings, a routine regimen includ-
ing 5-FU CVI and external beam RT of 50.4 Gy is now
used at our institution. Although more aggressive
treatments, including oxaliplatin or other new anti-
neoplastic drugs added to 5-FU, have been used in
Phase I–II studies, the end point of a higher pCR rate
with these aggressive regimens should be weighed
against an increased early and late toxicity. The main
end point of the neoadjuvant treatment is improve-

ment in DFS and OS rates. A higher pCR rate should
be considered a secondary end point.

The time interval between completion of CRT and
surgery may also affect the tumor response. This fac-
tor was evaluated in a French multicenter prospective
study on 201 uT2–T3 rectal cancer patients. The au-
thors33 found that a longer time interval between
completion of RT and surgery was associated with a
statistically significant advantage in pCR rate: 10 per-
cent pCR in the short-interval group (surgery per-
formed within 2 weeks after the end of RT) vs. 26
percent in the longer-interval group (surgery per-
formed 6 to 8 weeks after completion of RT) (P =
0.007). Because only 25 of our 106 patients under-
went surgery before four weeks or after eight weeks
from completion of CRT, it is not surprising that this
factor was not associated with tumor response in our
study.

The second aim of our study, to evaluate whether
the pathologic complete response has an impact on
outcome, was considered important because if patho-
logic response is confirmed as a prognostic factor fol-
lowing neoadjuvant treatment, postoperative adju-

Table 5.
Factors Associated with Overall Survival in 106 Rectal Cancer Patientsa

Univariate Analysis Multivariate Analysis

Variable RR (CI) P Value RR (CI) P Value

Age 1.00 (0.93–1.08) NS
Gender (male vs. female) 2.99 (0.64–13.89) NS
Tumor location 0.89 (0.69–1.15) NS
Pretreatment T stage (T2–T3 vs. T4) 4.83 (1.17–19.96) 0.029 4.83 (1.17–19.96) 0.029
Pretreatment N stage (+ve vs. –ve) 0.95 (0.26–3.49) NS
5-FU (bolus vs. CVI) 0.55 (0.11–2.78) NS
Regimen (A vs. B)b 0.966 (0.23–4.02) NS
Carboplatin or oxaliplatin (yes vs. no) 1.65 (0.41–6.56) NS
Total RT dose 0.99 (0.99–1.01 NS
RT to surgery interval 0.98 (0.93–1.03) NS
Postoperative ChT (yes vs. no) 1.21 (0.36–1.03) NS
SSP (yes vs. no) 0.266 (0.08–0.91) 0.035
pT stage (0 vs. 1–2 vs. 3–4) NS

pT0 vs. pT1–pT2 0.18 (0.03–1.12) NS
pT0 vs. pT3–pT4 0.85 (0.21–3.55) NS

PN stage (+ve vs. –ve) 1.86 (0.49–7.03) NS
pTNM (0–1–2–3) NS

pTNM0 vs. pTNM1 0.21 (0.036–1.34) NS
pTNM0 vs. pTNM2 0.58 (0.12–2.95) NS
pTNM0 vs. pTNM3 0.857 (0.17–4.28) NS

TRG (1–2–3 vs. 4–5) 1.14 (0.32–4.1) NS

ChT = chemotherapy; CI = confidence interval; CVI = continuous venous infusion; 5-FU = 5-fluorouracil; NS = not
significant; RR = relative risk; RT = radiotherapy; SSP = sphincter-saving procedure; TRG = tumor regression grade; -ve
= negative; +ve = positive.

aData from univariate and multivariate analysis (Cox’s regression model with stepwise procedure).
bRegimen A: chemotherapy (bolus 5-FU and leucovorin, days 1–5 and 29–33) + RT (45 Gy/25 F/1.8 Gy/F). Regimen

B: chemotherapy (5-FU CVI± weekly bolus of carboplatin or oxaliplatin) + RT (50.4 Gy/28 F/1.8 Gy/F).
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vant treatment can be tailored on the basis of
postsurgical stage rather than pretreatment stage.
Moreover, a different surgical approach might be
used.

Our clinical approach is now to offer routinely ad-
juvant chemotherapy for pretreatment of cTNM stage
2–3 rectal cancer, irrespective of the pathologic pTNM
stage. The findings of our study seem to support this
policy because the pretreatment T stage and not the
pTNM stage was found to be a prognostic factor for
outcome at multivariate analysis. Moreover, the lack
of correlation between postoperative adjuvant
therapy and outcome does not contradict our ap-
proach because a statistically significant percentage of

patients receiving adjuvant chemotherapy had a
higher pTNM stage (P = 0.004) or TRG score (P =
0.038).

On the basis of the clinical and/or pathologic com-
plete response, some investigators advocate less in-
vasive surgery or even a “watch-and-wait” ap-
proach.6,34,35 Moreover, pCR may be considered a
relevant end point for Phase III trials, achieved more
easily and quickly than the traditional DFS and OS
end points. Because no prospective studies have been
conducted to investigate this aspect, it is not surpris-
ing that the retrospective series available report ap-
parently contradictory results. Janjan et al.15 found a
statistically significant association between tumor size
and local recurrence, but did not find that the final
pathologic tumor stage affected the outcome param-
eters. In 22 patients with pTNM stage 0–1 of 77 pa-
tients with tethered or fixed primary and local recur-
rent rectal cancer who underwent preoperative
radiotherapy, Mohuddin et al.12 found no local or dis-
tant metastases. At multivariate analysis, the only in-
dependent factor predictive for survival was the
pathologic stage. On the basis of these findings, the
authors suggest that adjuvant chemotherapy be given
only to pTNM stage 2–3 patients. In a report on 161
patients with locally advanced rectal cancer with a
10.5 percent pCR rate, Valentini et al.6 found that pCR
is correlated with OS, DFS, and freedom from distant
metastasis, but not with local recurrence. However, 3
of 17 patients (18 percent) with a pCR had distant
metastases. Garcia-Aguilar et al.14 found in their series
that female gender was the only factor associated with
tumor recurrence at univariate and multivariate analy-
sis. The estimated five-year DFS was 95 percent for
patients with pCR vs. 55 percent for patients without a
pCR (P = 0.03), but no statistically significant differ-
ences were found between patients with pTNM stages
1, 2, and 3. The authors concluded that pCR to pre-
operative CRT is associated with better local control
and survival. In 69 T3–T4 and/or N1 patients who
underwent preoperative RT with or without chemo-
therapy, Ruo et al.36 found that recurrence-free sur-
vival was independently affected by aggressive patho-
logic features (angiolymphatic and/or perineural
invasion) and nodal status. The marked response to
preoperative treatment was associated with good
long-term outcome but was not prognostic for RFS.
We found that outcome is affected by the pretreat-
ment, not pathologic, stage. Distant metastases are
still an unresolved problem even for patients with a
complete clinical and pathologic response. The small

Figure 1. Overall survival curves (Kaplan-Meier) stratified
by tumor regression grade in 104 patients who underwent
preoperative chemoradiation therapy for middle to lower
rectal cancer. NS = not significant; TRG = tumor regres-
sion grade.

Figure 2. Overall survival curves (Kaplan-Meier) stratified
by pTNM stage in 106 patients who underwent preopera-
tive chemoradiation therapy for middle to lower rectal can-
cer. NS = not significant; pCR = pathologic complete re-
sponse.
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number of events (local and distant recurrences, and
deaths) makes statistical analysis and comparison be-
tween series questionable. To perform logistic regres-
sion analysis, TRG scores of 1, 2, and 3 were grouped
together vs. TRG-4 and TRG-5. The main problem is
how to consider TRG-3 cases (tumor with fibrosis out-
growing residual cancer cells). As suggested by Man-
dard et al.,18 we included these patients in the “re-
sponder” group.

CONCLUSIONS

The findings reported in the present study demon-
strate that in patients with locally advanced rectal can-
cer, the modality of 5-FU administration and the RT
doses delivered affect tumor response. However, for a
more reliable evaluation of factors predictive of tumor
response, tumor biology and chemoresponsiveness
should be taken into account.

Moreover, although our findings show that preop-
erative disease stage affects the outcome, studies with
a greater number of events (pCR, recurrence, death),
standardized treatment (both preoperative and post-
operative), and adequate follow-up will lead to a bet-
ter understanding of the impact of tumor response on
outcome. Surgical procedure and postoperative adju-
vant therapy should still be tailored on the basis of
pretreatment, not pathologic, stage.

ACKNOWLEDGMENT

The authors thank Ms. Sara Pearcey for her assis-
tance with the English language.

REFERENCES

1. NIH Consensus Conference. Adjuvant therapy for pa-
tients with colon and rectal cancer. JAMA 1990;264:
1444–50.

2. Minsky BD, Cohen AM, Kemeny N, et al. Combined
modality therapy of rectal cancer: decreased acute tox-
icity with the preoperative approach. J Clin Oncol 1992;
10:1218–24.

3. Minsky BD, Cohen AM, Enker WE, et al. Preoperative
5-FU, low-dose leucovorin, and radiation therapy for
locally advanced and unresectable rectal cancer. Int J
Radiat Oncol Biol Phys 1997;37:289–95.

4. Minsky BD, Cohen AM, Enker WE, Paty P. Sphincter
preservation with preoperative radiation therapy and
coloanal anastomosis. Int J Radiat Oncol Biol Phys
1995;31:553–9.

5. Janjan NA, Khoo VS, Abbruzzese J, et al. Tumor down-

staging and sphincter preservation with preoperative
chemoradiation in locally advanced rectal cancer: the
M.D. Anderson Cancer Center Experience. Int J Radiat
Oncol Biol Phys 1999;44:1027–38.

6. Valentini V, Coco C, Picciocchi A, et al. Does down-
staging predict improved outcome after preoperative
chemoradiation for extraperitoneal locally advanced
rectal cancer? A long-term analysis of 165 patients. Int J
Radiat Oncol Biol Phys 2002;53:664–74.

7. Janjan NA, Crane CN, Feig BW, et al. Prospective trial of
preoperative concomitant boost radiotherapy with con-
tinuous infusion 5-fluorouracil for locally advanced rec-
tal cancer. Int J Radiat Oncol Biol Phys 2000;47:713–8.

8. Pucciarelli S, Friso ML, Toppan P, et al. Preoperative
combined radiotherapy and chemotherapy for middle
and lower rectal cancer: preliminary results. Ann Surg
Oncol 2000;7:38–44.

9. Chan AK, Wong AO, Langevin J, et al. Preoperative
chemotherapy and pelvic radiation therapy for tethered
or fixed rectal cancer: a phase II dose escalation study.
Int J Radiat Oncol Biol Phys 2000;48:843–56.

10. Theodoropoulos G, Wise WE, Padmanabhan A, et al.
T-level downstaging and complete pathologic response
after preoperative chemoradiation for advanced rectal
cancer result in decreased recurrence and improved
disease-free survival. Dis Colon Rectum 2002;45:895–
903.

11. Chan AKP, Wong AO, Langevin J, et al. “Sandwich”
preoperative and postoperative combined chemo-
therapy and radiation in tethered and fixed rectal can-
cer: impact of treatment intensity on local control and
survival. Int J Radiat Oncol Biol Phys 1997;37:629–37.

12. Mohiuddin M, Regine WF, John WJ, et al. Preoperative
chemoradiation in fixed distal rectal cancer: dose time
factors for pathological complete response. Int J Radiat
Oncol Biol Phys 2000;46:883–8.

13. Mohiuddin M, Hayne M, Regine WF, et al. Prognostic
significance of postchemoradiation stage following pre-
operative chemotherapy and radiation for advanced/
recurrent rectal cancers. Int J Radiat Oncol Biol Phys
2000;48:1075–80.

14. Garcia-Aguilar J, Hernandez de Anda E, Sirivongs P, Lee
S-H, Madoff RD, Rothenberger DA. A pathologic com-
plete response to preoperative chemoradiation is asso-
ciated with lower local recurrence and improved sur-
vival in rectal cancer patients treated by mesorectal
excision. Dis Colon Rectum 2003;46:298–304.

15. Janjan NA, Abbruzzese J, Pazdur R, et al. Prognostic
implications of response to preoperative infusional che-
moradiation in locally advanced rectal cancer. Radio-
ther Oncol 1999;51:153–60.

16. Enker EW, Thaler TH, Cranon LM, Polyak T. Total me-
sorectal excision in the operative treatment of carci-
noma of the rectum. J Am Coll Surg 1995;181:335–46.

17. AJCC American Joint Committee on Cancer (1997) In:

1806 PUCCIARELLI ET AL Dis Colon Rectum, November 2004



Fleming, DI, Cooper, SJ, Henson, ED, Hutler, VR,
Kennedy, JB, Murphy, PG, O’Sulivan, B, Sobin, HL,
Yarbo, WJ (eds.), AJCC cancer staging manual, 5th ed,
Lippincott-Raven, Philadelphia, pp 83–90.

18. Mandard AM, Dalibard F, Mandard JC, et al. Pathologic
assessment of tumor regression after preoperative che-
moradiotherapy of esophageal carcinoma. Clinicopath-
ologic correlations. Cancer 1994;73:2680–6.

19. Garcia-Aguilar J, Pollack J, Lee S-H, et al. Accuracy of
endorectal ultrasonography in preoperative staging of
rectal tumors. Dis Colon Rectum 2002;45:10–5.

20. Hildebrandt U, Feifel G. Preoperative staging of rectal
cancer by intrarectal ultrasound. Dis Colon Rectum
1985;28:42–6.

21. Mackay SG, Pager CK, Joseph D, et al. Assessment of
the accuracy of transrectal ultrasonography in anorectal
neoplasia. Br J Surg 2003;90:346–50.

22. Chiesura-Corona M, Muzzio PC, Giust G, et al. Rectal
cancer: CT local staging with histopathologic correla-
tion. Abdom Imaging 2001;26:134–8.

23. Osti MF, Padovan FS, Pirolli C, et al. Comparison be-
tween transrectal ultrasonography and computed to-
mography with rectal inflation of gas in preoperative
staging of lower rectal cancer. Eur Radiol 1997;7:26–30.

24. Willett CG, Warland G, Hagan MP, et al. Tumor prolif-
eration in rectal cancer following preoperative irradia-
tion. J Clin Oncol 1995;13:1417–24.

25. Esposito G, Pucciarelli S, Alaggio R, et al. P27kip1 is
associated with tumor response to preoperative chemo-
radiotherapy in rectal cancer. Ann Surg Oncol 2001;8:
311–8.

26. Starzynska T, Bromley M, Ghosh A, Stern PL. Prognostic
significance of p53 overexpression in gastric and colo-
rectal carcinoma. Br J Cancer 1992;66:558–62.

27. Lowe SW, Bodis S, McClatchey A, et al. p53 status and
efficacy of cancer therapy in vivo. Science 1994;266:
807–10.

28. Brugarolas J, Chandrasekaran C, Gordon JI, et al. Ra-

diation-induced cell cycle arrest compromised by p21
deficiency. Nature 1995;377:552–7.

29. Aschele C, Lonardi S, Monfardini S. Thymidylate Syn-
thase expression as a predictor of clinical response to
fluoropyrimidine-based chemotherapy in advanced co-
lorectal cancer. Cancer Treat Rev 2002;28:27–47.

30. Saw RP, Morgan M, Koorey D, et al. p53, deleted in
colorectal cancer gene, and thymidylate synthase as
predictors of histopathologic response and survival in
low, locally advanced rectal cancer treated with preop-
erative adjuvant therapy. Dis Colon Rectum 2003;46:
192–202.

31. Villafranca E, Okruzhnov Y, Dominguez MA, et al. Poly-
morphisms of the repeated sequences in the enhancer
region of the thymidylate synthase gene promoter may
predict downstaging after preoperative chemoradiation
in rectal cancer. J Clin Oncol 2001;19:1779–86.

32. Berger C, De Muret A, Garaud P, et al. Preoperative
radiotherapy (RT) for rectal cancer: predictive factors of
tumor downstaging and residual tumor cell density
(RTCD): prognostic implications. Int J Radiat Oncol Biol
Phys 1997;37:619–27.

33. Francois Y, Nemoz CJ, Baulieux J, et al. Influence of the
interval between preoperative radiation therapy and
surgery on downstaging and on the rate of sphincter-
sparing surgery for rectal cancer : the Lyon R90-01 ran-
domized trial. J Clin Oncol 1999;17:2396–402.

34. Mohiuddin M, Marks G, Bannon J. High-dose preopera-
tive radiation and full thickness local excision: a new
option for selected T3 distal rectal cancers. Int J Radiat
Oncol Biol Phys 1994;30:845–9.

35. Habr-Gama A, de Souza PM, Ribeiro U, et al. Low rectal
cancer: impact of radiation and chemotherapy on sur-
gical treatment. Dis Colon Rectum 1998;41:1087–96.

36. Ruo L, Tickoo S, Klimstra DS, et al. Long-term prognos-
tic significance of extent of rectal cancer response to
preoperative radiation and chemotherapy. Ann Surg
2002;236:75–81.

1807TUMOR REPONSE TO PREOPERATIVE CHEMORADIOTHERAPYVol. 47, No. 11


