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Abstract

Background This study evaluated the impact of tumor
regression grading (TRG) and other pathologic variates in a
cohort of rectal carcinoma patients treated with neoadju-
vant chemoradiotherapy (CRT). The value of a grading less
than pCR for predicting survival is unknown. Tumor
budding has not been systematically studied in rectal can-
cer after neoadjuvant therapy.

Methods Pathologic risk factors for survival were evalu-
ated on surgical specimens of 237 patients with stages I, II,
and IIT rectal cancer treated between 1996 and 2006. All
patients underwent preoperative CRT followed by surgical
resection 6-8 weeks later. TRG, tumor grade, budding,
venous invasion, radial margin, and nodal status were
evaluated. The prognostic value of TRG categories was
calculated with Cox regression models and validated with
resampling methods.

Results TRG of <25% occurred in 61 (25.7%) and a
complete response in 39 (16.4%) of the resected
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specimens. TRG of <25% was shown to be a statistically
significant predictor for cancer-specific survival (CSS) and
recurrence-free survival (RFS) compared to TRG >25%
(P = 0.013). Tumor budding was present in 24 (10.1%) of
the patients and was negatively associated with CSS
(P = 0.013). Lymph node involvement was observed in 83
(35.0%) patients. TRG and nodal status (P < 0.001) were
the most significant predictors associated with outcome.
Conclusion Partial pathologic response >25% was a
superior predictor compared to pCR for improved survival
after preoperative CRT. CSS and RFS were adversely
affected by the presence of lymph node metastases.

Introduction

The pathologic response to radiotherapy and chemotherapy
given prior to surgical resection can be assessed by grading
histologic changes in the resected specimens. The recently
published 7th edition of the American Joint Committee on
Cancer (AJCC) cancer staging manual [1] recommends
recording the tumor regression grade (TRG). Pathologic
complete response (pCR), which means a specimen with-
out viable tumor cells, varies from 8% to 30% [2—-4]. pCR
has been associated with improved recurrence-free survival
(RFS), and factors predicting pCR have been evaluated [5—
7]. Most patients do not achieve pCR. TRG has been
proposed as an alternate assessment and has been shown to
be associated with RFS [2, 8, 9]. Pathologic features such
as the radial margin, venous invasion, lymph node
involvement, and tumor stage have been shown to be
associated with disease recurrence and/or survival [2, 7, 8]
Other pathologic features, including the presence of acel-
lular mucin in patients with pCR [7], tumor budding [9,
10], and the impact of TRG [8, 11-14] have either limited
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or no data in this setting. These features were specifically
identified and studied in this endeavor with unique analysis
as it relates to CSS and RFS in a continuous cohort of rectal
carcinoma patients treated with CRT followed by curative
resection and adjuvant chemotherapy.

The aims of this study were to assess the predictive
value of pathologic features such as budding and TRG for
rectal cancer resected after neoadjuvant therapy and to
define the methods for assessing those features. The pre-
dictive findings discussed here could be used in a post-
surgical treatment algorithm for patients with rectal cancer.

Methods
Patients

The medical records of all patients undergoing curative
resection—abdominal perineal resection (APR), anterior
resection (AR), low anterior resection (LAR)—for stages I,
I, and III rectal cancer at the Mayo Clinic, Rochester
during the years 1996-2006 were reviewed. All stage I
patients were treated with radiation therapy at outside
institutions but had their surgery performed at the Mayo
Clinic. Because of the lack of sensitivity of preoperative
endoscopic ultrasonography (EUS) staging, an “analytical
stage” was determined from either the clinical or patho-
logic stage, whichever was worse. The operative tech-
niques have been described in previous work from our
institution [15]. Institutional review board approval was
obtained to review records, confirm records, and report
results.

Patients with neoadjuvant chemoradiotherapy (CRT)
were selected for this study. Preoperative therapy consisted
of a combination of irradiation and 5-fluorouracil (5-FU)
chemotherapy. At 6-8 weeks after completion of the pre-
operative CRT, all patients underwent curative resection.
Postoperative 5-FU chemotherapy was started 4 weeks
after surgery. Of the 276 patients, 39 were removed before
analysis. Among them, 26 had stage IV disease, 2 had
missing ypT stage, and 11 had inconsistent tumor regres-
sion grading compared to ypT stages. The primary out-
comes were cancer-specific survival (CSS) and RFS. CSS
was defined as the time from operation to death due to
rectal cancer. RFS was defined as the time from operation
to the first event of either recurrence or death due to rectal
cancer.

Pathologic findings
At surgery, the resected specimen was dissected and sam-

pled using a standard pathology technique. The subsequent
pathology report made note of the presence of residual
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tumor and documented its size, grade, and depth of inva-
sion. Angiolymphatic invasion, if present, was recorded.
The radial margin was assessed. All regional lymph nodes
were sampled and reviewed. For the current study, all glass
slides prepared at the time of surgery were recalled and
assessed by a single gastrointestinal pathologist (T.C.S.).
Pathology parameters reported here were scored in real
time by one or more pathologists and were re-reviewed by
T.C.S. Disagreements were rare, but when there were
disagreements we considered T.C.S. the expert reviewer
and used his result. In addition to reviewing the previously
documented parameters, the pathologist assessed tumor
budding, tumor regression, and the presence of acellular
mucin. A tumor bud is a group of five or fewer tumor cells
at the tumor edge. Tumor buds were counted at x 200
magnification using a routine hematoxylin and eosin
(H&E) stain. Budding was scored as negative if no field
had more than 9 buds and positive if any field had 10 or
more buds [16]. Tumor regression of the primary tumor
was determined by the amount of viable tumor versus the
amount of fibrosis, ranging from grade 0 (no regression) to
grade 4 (complete regression), as described by Dworak
et al. [17].

Follow-up

Patients with stage II and III disease were followed up
every 3 months for 2 years and then every 6 months for the
next 3 years. Physical examination, history taking, and
computed tomography (CT) of the chest, abdomen, and
pelvis were performed every 6 months; the carcinoem-
bryonic antigen (CEA) level was recorded every 3 months.
Colonoscopy was performed 1 year after surgery and every
3 years thereafter.

Statistical methods

The »* trend test for ordered categories was used for factors
with more than two ordered categories. Kaplan—Meier and
Cox proportional hazard models were used to estimate the
association of pathologic variables—TRG, tumor budding,
venous invasion, presence of acellular mucin, residual
tumor, pathologic T stage, number of positive nodes, grade,
and clinical stage—with CSS and RFS. The magnitudes of
the association of each preoperative and pathologic feature
with CSS and RFS were evaluated using univariate Cox
proportional hazards regression models and summarized
with hazard ratios (HRs) and 95% confidence intervals
(CIs). The features that were significantly associated with
each outcome in a multivariable setting were determined
using stepwise Cox proportional hazards best subsets
regression algorithm. Clinical and pathologic features were
used in the selection procedure if they attained P < 0.1 in
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univariate associations. Patients were grouped into TRG
classes 0 + 1 (<25% response), TRG 2 + 3 (25% to
>50% response), and pCR (complete regression) [8].

To test the pathologic response as a prognostic measure
for CSS, the concordance index 18 was used to select
optimal change point values to classify patients into low-
risk or high-risk groups. The concordance index (or
C-statistic) is a measure of model discrimination in sur-
vival analyses. A completely random prediction would
have a concordance of 0.5, and a perfect rule has concor-
dance 1. Potential change point values for TRG were
defined as the value of O or 1; 2 or 3; 4 (=complete) leading
to a maximum concordance index in univariate Cox mod-
els. To estimate the robustness of the results, we used 1000
bootstrap samples [18], which applies the Cox models to
random samples with replacements of the patients. All
statistical tests were two-sided, and a level of 0.05 was
considered statistically significant. All data analyses were
performed using R version 2.10.1 software [19].

Results

All 237 patients underwent preoperative CRT, and 233
(98.3%) were treated with postoperative chemotherapy.
The mean age was 60.0 (SD 12.5) years. There were 160
(67.5%) men and 77 (32.5%) women. The number of
patients in each stage were 8 (3.4%) with stage I, 64
(27.0%) with stage II, 165 (69.6%) with stage III. The
distribution of pathologic stages (yp) was 35 (16.5%) with
stage 0, 21 (8.9%) with stage I, 79 (33.3%) with stage I,
and 102 (43%) with stage III. Median follow-up time was
3.5 years, with 25th and 75th percentiles of 2.1 and
4.8 years.

Pathologic findings

The preoperative T stage (uT) was stage 1 in 4 patients
(1.8%), stage 2 in 29 (12.9%), stage 3 in 177 (79.0%), stage
4 (bad) in 14 (6.3%). There were 86 patients (38.4%)
preoperatively identified as node-negative, and 138
(61.6%) as node-positive. The pathologic T stage (ypT)
was 0 in 39 patients (16.5%), stage 1 in 14 (5.9%), stage 2
in 25 (10.5%), stage 3 in 144 (60.8%), and stage 4 in 15
(6.3%). The differences between preoperative and postop-
erative staging were as follows. A lower pathological stage
compared to the US stage occurred in 17 patients (7.5%),
whereas 79 patients (34.8%) had a lower pathologic stage.

Retrospective review by the expert gastrointestinal
pathologist found some disagreement with the original
report. Venous invasion had been missed in 5 cases; the
expert reviewer changed the grade of 8 tumors from high to
low, and 12 tumors were changed from low to high grade.

Table 1 Tumor regression grading in 237 patients treated with pre-
operative chemoradiation therapy

TRG Patients

0 (no regression) 17 (7.2%)
1 (<25% of tumor mass) 44 (18.6%)
2 (25-50% of tumor mass) 72 (30.4%)
3 (>50% of tumor mass) 65 (27.4%)
4 (complete regression) 39 (16.4%)

TRG tumor regression grade

Where tumor response was commented on in the original
report, the reviewer did not have any disagreements with
the original. Acellular mucin was seen in 15.4% of those
without residual tumor. Tumor budding was seen in 24
patients (10.1%). The radial margin was reported as neg-
ative in all 237 patients. Eight patients had a radial margin
of 1-2 mm, 96 patients had a radial margin >2 mm, and
the remaining 133 patients were recorded as negative. The
median number of lymph nodes examined was 11 with
25th and 75th percentiles of 7 and 15 (range 0-50). In all,
83 patients (45%) had metastatic disease in lymph nodes at
the time of operation; 56 were ypN1, and 27 were ypN2.
TRG 0 (no response) was observed in 7.2% of the patients,
and TRG 4 (pCR) was found in 16.4% (Table 1).

The association of TRG with clinical and postoperative
pathologic factors is outlined in Table 2. No association
with TRG groups was found for age, sex, or stage. There
was no difference in the surgical approach (APR or AR/
LAR) for patients in the various TRG categories. However,
there were more lymph nodes involved by metastatic dis-
ease for TRG 0 4 1 groups than for subjects with a better
pathologic response (P < 0.001). The proportion of sub-
jects with positive lymph nodes was 44.3% for TRG 0 + 1,
38.7% for TRG 2 + 3, and 7.7% for cPR. Tumor budding
was significantly more common in tumors with less
regression, being seen in 23% of tumors with TRG 0 + 1
compared to 7.3% of those with TRG 2 + 3 (7.3%)
(P < 0.001).

Recurrence and cancer-specific survival

Of the 237 patients, 6 (2.5%) had local recurrence and 43
(18.1%) had distant recurrence. The median time from
surgery to first recurrence was 38 months (25th—75th per-
centiles 20.7-54.8 months). Association of clinicopatho-
logic features with CSS and RFS are summarized in
Tables 3 and 4, respectively. Age, sex, pathologic T stage
(ypT), and venous invasion were not significantly associ-
ated with CSS and RFS. A higher number of positive nodes
was detrimental to CSS and RFS with an HR of 1.26 (95%
CI 1.13-1.41), P < 0.001 for CSS (Fig. 1) and 1.18 (95%
CI 1.09-1.28), P < 0.001 for RFS.
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Table 2 Patient characteristics by TRG group and association of TRG with pathologic features after preoperative CRT and surgical resection

(n = 237)
Parameter TRG 0,1 TRG 2,3 TRG 4 Total P
(n = 61) (n = 137) (n = 39) (n = 237)

Age (years), mean and SD 60.4 (13.77) 59.6 (12.44) 60.5 (10.69) 60.0 (12.49) 0.9181

Male sex 40 (65.6%) 96 (70.1%) 24 (61.5%) 160 (67.5%) 0.5631

Analytical stage® 0.894
I 1 (1.6%) 6 (4.4%) 1 (2.6%) 8 (3.4%)

I 17 (27.9%) 36 (26.3%) 11 (28.2%) 64 (27%)
I 43 (70.5%) 95 (69.3%) 27 (69.2%) 165 (69.6%)

yPT stage <0.0001

0 0 0 39 (100%) 39 (16.5%)
1 7 (11.5%) 7 (5.1%) 0 14 (5.9%)
2 1 (1.6%) 24 (17.5%) 0 25 (10.5%)
3 46 (75.4%) 98 (71.5%) 0 144 (60.8%)

4 7 (11.5%) 8 (5.8%) 0 15 (6.3%)

uT stage 0.615
Missing 8 5 0 13
1 1 (2.0%) 2 (1.5%) 1 (2.6%) 4 (1.8%)

2 4 (7.5%) 17 (12.9%) 8 (20.5%) 29 (12.9%)
3 44 (83.0%) 105 (79.5%) 28 (71.8%) 177 (79.0%)
4 4 (7.5%) 8 (6.1%) 2 (5.1%) 14 (6.3%)

uN stage 0.768
Missing 12 1 0 13
NO 48 (39.7%) 26 (40.6%) 12 (30.8%) 86 (38.4%)

N1 73 (60.3%) 38 (59.5%) 27 (69.2%) 138 (61.6%)

Surgical class 0.087
Missing 2% 1% 0 3
LAR 26 (44.1%) 80 (58.8%) 25 (64.1%) 131 (56%)

APR 33 (55.9%) 56 (41.2%) 14 (35.9%) 103 (44%)

No. of nodes examined (median, range) 11 (0.0-49.0) 11 (0-31) 10.5 (1-50) 11 (0-50) 0.541

Positive nodal status 0.0001
0 nodes 34 (55.7%) 84 (61.3%) 36 (92.3%) 154 (65%)

1 node 2 (3.3%) 22 (16.1%) 1 (2.6%) 25 (10.5%)
2 nodes 8 (13.1%) 11 (8%) 1 (2.6%) 20 (8.4%)
>3 nodes 17 (27.9%) 20 (14.6%) 1 (2.6%) 38 (16%)

Venous invasion 0.391
No 58 (95.1%) 131 (95.6%) 39 (100%) 228 (96.2%)

Yes 3 (4.9%) 6 (4.4%) 0 (0%) 9 (3.8%)

Budding 0.0005
No 45 (73.8%) 126 (92%) 39 (100%) 210 (88.6%)

Yes 14 (23%) 10 (7.3%) 0 (0%) 24 (10.1%)
Missing 2 (3.3%) 1 (0.7%) 0 (0%) 3 (1.3%)

Mucin <0.0001
No 61 (100%) 137 (100%) 33 (84.6%) 231 (97.5%)

Yes 0 0 6 (15.4%) 6 (2.5%)

Radial margin group 0.052
Negative, no distance recorded 42 (68.8%) 91 (66.4%) 39 (100%) 133 (56.1%) <0.0001
1-2 mm 0 8 (5.8%) 0 8 (3.4%)
>2 mm 19 31.2%) 38 (27.8%) 0 96 (40.5%)

CRT chemoradiotherapy

? Staging was determined from the clinical stage or pathologic stage, whichever was worse
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i?lll)tlif/:ria[tj:la\;ggiit?;ni with Factor Univariate analysis Multivariate analysis
cancer-specific survival HR (95% CI) P HR (95% CI) P
Age (10 year increase) 0.95 (0.66-1.35) 0.753
Sex
Male 1.0 (reference)
Female 1.18 (0.45-2.78) 0.810
T stage (ypT)
0 1.0 (reference)
1 1.47 (0.13-16.27) 0.753
2 0 (0-INF) 0.998
3 2.23 (0.51-9.71) 0.297
4 2.85 (0.40-20.44) 0.522
Budding
No 1.0 (reference)
Yes 2.46 (1.14-5.30) 0.0218
No. of positive nodes 1.26 (1.35-1.41) <0.001
(1-unit increase)
TRG 0.033
0,1 1.0 (reference)
2,3 0.36 (0.14-0.88) 0.025
4 0.28 (0.06-1.27) 0.099
TRG
>25% 1.0 (reference)
<25% 2.95 (1.25-6.96) 0.013 2.73 (1.10-6.77) 0.031
No. of positive nodes 0.0022
0 1.0 (reference) 1.0 (reference)
1 3.81 (0.95-15.32) 0.059 4.88 (1.18-20.24) 0.029
2 5.45 (1.66-17.97) 0.005 5.01 (1.52-16.56) 0.008
HR hazard ratio, CI confidence >3 5.50 (1.85-16.39) 0.002 4.60 (1.52-13.89) 0.007

interval

The optimal change point for pathologic response to
identify groups of patients with respect to risk for survival
was <25% (TRG 0 + 1: high risk) and >25% (TRG 2, 3,
4: low risk). Figure 2 shows the distribution of the TRG
cutoff points that resulted in the largest concordance index
in Cox models based on 1000 bootstrap iterations. The
histogram indicates the number of times any given cutoff
point was selected. In most iterations a pathologic response
of <25% (TRG 0 + 1) versus >25% (TRG 2, 3, 4) was the
most discriminating value for both CSS and RFS. The
corresponding survival curves are shown in Fig. 3. Com-
paring survival curves of TRG 0 + 1, TRG 2 + 3 with
TRG 4 (Fig. 4), the 95% CI of the hazard ratio are over-
lapping for TRG 2 + 3 and TRG 4. Thus, these classes
could not be well distinguished. A lower response rate
(TRG < 25%) negatively affected survival with a hazard
ratio of 2.73 (95% CI 1.10-6.77), P = 0.013 for CSS and
2.06 (95% CI 1.08-3.92), P = 0.014 for RFS. In the
multivariate model selection algorithm, only positive
lymph node and TRG categories were selected for the final

model, and both were statistically significantly associated
with CSS and RFS. The C-indices for the Cox models with
nodal status, two TRG classes, and for the multivariable
model combining TRG classes and nodal status were 0.70,
0.63, and 0.73, respectively. Tumor budding was nega-
tively associated with CSS in univariate models with HR
2.56 (95% CI 1.30-9.75), P = 0.014 (Fig. 5).

Discussion

This study shows that tumor regression grading and nodal
status are independent predictors for CSS and RFS based
on analysis of 237 patients with stages I, II, and III rectal
cancer treated with preoperative CRT and adjuvant che-
motherapy. Tumor budding was a significant predictor of
CSS and RFS.

The use of TRG has been criticized because of poor
reproducibility [20]. Studies have varied in terms of
inclusion criteria, sample size, and TRG scale; and the
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Table 4 Univariate and
multivariate associations with
recurrence-free survival

Factor

Univariate analysis

Multivariate analysis

HR (95% CI) P HR (95% CI) P
Age (10 year increase) 0.81 (0.64-1.03) 0.090
Sex
Male 1.0 (reference)
Female 0.69 (0.35-1.36) 0.284
T stage (ypT)
0 1.0 (reference)
1 1.15 (0.22-5.94) 0.871
2 0.30 (0.04-2.54) 0.267
3 1.86 (0.73-4.77) 0.193
4 1.20 (0.23-6.21) 0.830
Budding
No 1.0 (reference)
Yes 2.46 (1.14-5.30) 0.022
No. of positive nodes 1.18 (1.09-1.28) <0.001
(1-unit increase)
Tumor regression grading 0.040
0,1 1.0 (reference)
23 0.48 (0.26-0.92) 0.025
4 0.40 (0.15-1.09) 0.072
TRG
>25% 1.0 (reference)
<25% 2.14 (1.17-3.93) 0.014 2.06 (1.08-3.92) 0.029
No. of positive nodes <0.001
0 1.0 (reference) 1.0 (reference)
1 3.35 (1.43-7.85) 0.005 3.93 (1.65-9.38) 0.002
2 3.32 (1.36-8.10) 0.008 3.09 (1.26-7.55) 0.013
>3 4.01 (1.93-8.34) <0.001 3.49 (1.66-7.35) <0.001
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Fig. 1 Kaplan-Meier curves for cancer-specific survival (CSS) for
pN stage
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budding

effect of TRG has been either assessed for individual
grades [2, 13] or subjectively combined in groups (no
response or partial or complete response) [8, 11-14].
Beddy et al. [21] showed that a three-tiered system of
TRG was a significant predictor of RFS in 126 patients
with T3/T4, N1/N2 rectal cancer. A five-point scale of
TRG and pN status were associated with RFS for 144
patients with ¢T3,4 rectal cancer in Vecchio et al. [14]. In
a series of 102 rectal cancer patients, Bouzourene et al.
[11] found that a five-point scale of TRG was signifi-
cantly associated with RFS in univariate and multivariable
models. Evaluating pathologic factors, including ypN and
TRG, to predict long-term outcomes, ypN was the most
important prognostic factor in Kim et al. [2]. In patients
with persistent disease (no pCR), Bujko et al. [22] found
limited prognostic value for TRG in a series of 131
patients with cT4/cT4 rectal cancer. Rodel et al. [§]
reported that TRG alone is not significant and that ypN
remains the most important prognostic marker. Our find-
ings support the idea that nodal status is the strongest
predictor for survival outcomes in patients with rectal
cancer after preoperative CRT and adjuvant therapy. In a
subset of 198 patients with incomplete tumor regression,
TRG was significantly associated with CSS (HR 0.35,
95% CI 0.14-0.87, P = 0.024) and RFS (HR 0.48, 95%
CI 0.26-0.91, P = 0.025). TRG remained an independent
predictor in multivariate models with all 237 patients.
Prognostic factors were chosen by best subset selection
and resulted in the combination of TRG and nodal status
as significant predictors for CSS and RFS. Our findings
highlight the critical importance of including the TRG in
the model with nodal status as a improvement for the
prediction of survival outcomes.

Although some studies have compared pCR with other
levels of regression [6], or “no response versus “some
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response” [2], or TRG groups 0 + 1, 2 + 3, and pCR [8],
the extent of tumor response that would be associated with
improved CSS or RFS has not been elucidated. We iden-
tified that a partial tumor response of >25% significantly
improved survival outcomes. This result was robust, as
indicated by applying the Cox models to 1000 bootstrap
samples.

The term “tumor budding” has been used in the surgical
pathology literature since 1993 [23], but only in the last
decade or so has it been generally accepted as a robust
predictor of adverse outcome. The current recommenda-
tions for reporting surgically resected specimens of colo-
rectal carcinoma advise reporting the presence or absence
of tumor budding [24]. The authors of that report, however,
made no recommendation regarding how to define tumor
budding, and the literature is variable in that regard, with
some authors proposing defined cut points [16], others
reporting counts as a continuous variate [25], and others
devising scoring systems [26]. The literature also varies
with regard to the site studied (colon versus rectum), tumor
stage, study endpoints (lymph node metastases, recurrence,
survival), and use of adjuvant therapy [27]. To our
knowledge, this is the first study to assess tumor budding in
patients who underwent neoadjuvant therapy.

The variability in methods for assessing budding trans-
lates into some variability in its reported prevalence. Most
studies find that 25% to 40% of colorectal carcinomas
show budding, although some reports are as low as 15% or
as high as 75%. We observed tumor budding in 10% of
rectal cancers resected after neoadjuvant therapy, sug-
gesting that such therapy reduces the prevalence of tumor
budding. When budding persists, it is has an adverse effect
on outcome; and we found that it was a significant pre-
dictor of survival.

A limitation of this study was that some pathologic
variables (e.g., acellular mucin, venous invasion, distance
to radial margin) were either not present in most of the
patients or could not be consistently assessed. The study
was retrospective, and a follow-up of <5 years may result
in underestimating the disease recurrence. Retrospective
review by the expert gastrointestinal pathologist did turn up
disagreements with the original report, but as the review
was taking place years after the original surgery there were
no discussions with the original pathologist. Another lim-
itation was that all stage I patients had received their pre-
operative radiotherapy elsewhere. However, excluding 13
patients (9 patients with preoperative T stage 1 or 2 and
ulNO as well as 4 patients with missing uT stage and ypT
stage 1 or 2) did not change the conclusions.

There are several strengths of this study. All patients
were treated with preoperative CRT and almost all with
postoperative chemotherapy. A number of pathological
features were collected and recorded, and grades of tumor
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regression were examined instead of limiting the study to
patients with a complete pathological response. This
enabled the distinction of possible risk groups based on
TRG. However, the results need to be validated in larger
scale studies at other institutions.

Conclusions

This study evaluated the impact of various pathologic
features on the prognosis of rectal cancer. We showed that
ypN, TRG, and tumor budding were significant markers for
CSS and RFS. In particular, the extent of tumor response,
TRG >25%, was associated with improved CSS and RFS,
making it a better predictor than a pathologic complete
response. Nodal status and TRG classification were both
selected for predictive multivariate models. These findings
may be used in the postsurgical treatment algorithm for
patients with rectal cancer.
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