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Abstract

Purpose: Pathologic complete response to neoadjuvant chemoradiation therapy (CRT) is associ-
ated with improved outcomes for patients with locally advanced rectal cancer (LARC). Increased
response rates have been reported with higher radiation doses, but these studies often lack long-
term outcome and/or toxicity data. We conducted a case-control analysis of patients with LARC
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who underwent definitive CRT to determine the efficacy and safety of intensified treatment with a
concomitant boost (CB) approach.
Methods and materials: From 1995 to 2003, a phase 2 protocol examined CRT with 5-fluorouracil
and CB radiation therapy (52.5 Gy in 5 weeks) for patients with LARC. Seventy-six protocol
patients were matched (case-control approach) for surgery type, tumor (T) stage, and clinical nodal
(N) stage with patients who received standard dose (SD) CRT (5-fluorouracil, 45 Gy). A chart
review was performed. McNemar’s test and Kaplan-Meier analyses were used for statistical
analysis.
Results: The SD and CB groups did not differ in tumor circumferential involvement and length,
but the tumors of CB patients were closer to the anal verge (4.7 vs 5.7 cm; P Z .02). Although
tumor downstaging was higher in the CB cohort (76% vs 51%; P < .01), pathologic complete
response rates did not differ (CB, 17.1% vs SD, 15.8%, P Z 1.00). The incidence of grade �3
radiation-related toxicities was low and similar in both groups (CB, 10% vs SD, 3%, P Z .22).
Postoperative (anastomotic leak, wound complications/abscess, bleeding) and late (small bowel
obstruction, stricture) complication rates did not differ between the groups (P > .05). The
median follow-up was 11.9 years. The 5-year local control rates were higher for CB (100.0%)
compared with SD (90.0%) patients (P Z .01). CB patients had higher rates of 10-year
progression-free survival (71.9% vs 57.6%, P < .01) and overall survival (71.6% vs 62.4%,
P Z .01) compared with SD patients.
Conclusions: CRT dose escalation for patients with LARC is safe and effective. The improved
T-downstaging and local control observed in CB patients should encourage further dose escalation
studies.
ª 2017 the Authors. Published by Elsevier Inc. on behalf of the American Society for Radiation
Oncology. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Standard-of-care treatment for locally advanced rectal
cancer (LARC) includes neoadjuvant chemoradiation
therapy (CRT) followed by total mesorectal excision. This
approach is based on randomized prospective data that
show both local control and sphincter preservation ben-
efits.1 However, even with this validated treatment
regimen, only approximately 15% of patients benefit from
a pathologic complete response (pCR) at the time of
surgery, and a significant proportion of lesions fail to be
downstaged by treatment.2,3 Because achievement of a
pCR has been shown to confer a survival benefit in pa-
tients with LARC, there is obvious interest in improving
the outcomes of preoperative therapy.3

Recently, investigations in rectal cancer treatment have
focused on organ preservation strategies because surgical
resection can be accompanied by significant morbidity for
the patient. Several studies have reported patient out-
comes for CRT followed by either local excision only or
observation with careful follow-up.4-6 Although random-
ized data are limited, the results of these studies are
encouraging, and local control rates for tumors with
excellent response to CRT were comparable to surgical
outcomes (0%-23%).5 These regimens have the potential
to improve the quality of life of patients, but they must
also provide safe oncologic outcomes. Patients who are
recommended for these alternative regimens must
demonstrate an excellent clinical response to neoadjuvant
CRT.

To achieve this, other researchers have investigated
radiation therapy dose escalation using both external
beam radiation therapy (EBRT) and brachytherapy
techniques.7-15 A dose-response relationship for rectal
cancer has been confirmed, and patients receiving boost
doses have demonstrated increased rates of tumor response
with acceptable rates of early toxicity (gastrointestinal
complaints, dermatitis, leukopenia/neutropenia, pain).16

Escalated radiation doses leading to the possibility of less
morbid surgical procedures must also result in reasonable
late toxicities because these complications also have the
potential to significantly decrease a patient’s quality of life.
However, long-term reports of toxicity associated with
high-dose radiation therapy are not often available.

We sought to explore the potential relationship be-
tween escalated dose regimens during neoadjuvant CRT
and increased rates of tumor response while carefully
considering any increase in radiation-related toxicity or
surgical complications. To accomplish this, we conducted
a case-control analysis of patients with LARC treated
with neoadjuvant CRT, with and without a concomitant
boost (CB). We performed long-term follow-up of these
patients to evaluate outcomes and identify any possible
late toxicities associated with boost treatment.
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Methods and materials

Patient selection

From 1995 to 2003, 78 patients were treated with
neoadjuvant CRT with continuous infusion 5-fluorouracil
(5-FU) 300 mg/m2 on the days of radiation and 52.5 Gy
radiation in 5 weeks given as 45 Gy at 1.8 Gy per fraction
to the pelvis and an additional 1.5 Gy per fraction given as
a second daily dose to the tumor with 2 to 3 cm margins in
the fifth week of treatment (ie, CB). Forty-five of these
patients were enrolled on an institutional review
boardeapproved phase 2 institutional protocol that exam-
ined the feasibility of adding a CB to neoadjuvant CRT.17

In the same time period, 137 patients were treated off-
protocol with neoadjuvant CRT without a CB (standard
dose [SD], 45 Gy in 5 weeks). Each patient in the CB group
was matched for type of surgery performed, tumor stage
(T-stage), and clinical nodal metastases (N-stage) with a
patient from the SD group using a computerized shuffling
algorithm with a random number generator. Seventy-six
pairs of patients were generated in this manner. For all
152 patients, a chart review was performed to determine
clinicopathologic parameters and treatment outcomes.

Treatment

All patients received neoadjuvant CRT followed by
surgical resection. Protocol patients in the CB group
received a total dose of 52.5 Gy over 5 weeks. They were
administered 45 Gy in 25 fractions to the pelvis, typically
with 18 mV photons at 1.8 Gy per fraction daily with a
3-field belly board technique. The treatment fields were
typically weighted 2:1:1 for the posterior, right lateral,
and left lateral fields, respectively, with 45-degree wedges
on the lateral fields. During the last week of radiation
therapy, patients were given a CB to the tumor with a 2 to
3 cm margin. This boost dose totaled 7.5 Gy over 5
fractions at 1.5 Gy/d and was delivered as a second daily
fraction with a 6-hour interfraction interval. The matched
pair patients (SD) were treated to a total dose of 45 Gy in
25 fractions, delivered at 1.8 Gy/d over 5 weeks. These
patients did not receive a boost. All other therapy details
were identical to the protocol patients. All patients
received continuous venous infusion 5-FU at 300 mg/m2

on the days of radiation. Surgical resection was performed
approximately 6 weeks after completion of CRT. The
type of operative procedures included low anterior
resection, abdominoperineal resection, and proctectomy
with coloanal anastomosis.

Follow-up

Follow-up evaluations included a physical examina-
tion with carcinoembryonic antigen measurement every 3
to 6 months with proctoscopy and cross-sectional imaging
every 6 to 12 months for 5 years. Recurrence was defined
as local (within the colon near the anastomosis), regional
(within the pelvis), or distant (outside of the pelvis).

Study endpoints

The primary endpoint of our study was efficacy of the
CB approach, including both early (tumor downstaging
and pCR rates) and late efficacy (local control rates).
Secondary endpoints included toxicity and complication
rates.

Statistical analysis

The clinicopathologic parameters of the 2 groups were
compared using the Student t or c2 test, as appropriate.
Categorical data were summarized by frequency, and
McNemar’s test was used to determine differences in
clinicopathologic factors and toxicities between matched
pairs. Time-to-event analyses (time to local, regional, and
distant recurrence, progression-free survival [PFS], and
overall survival [OS]), calculated from the date of diag-
nosis to time of recurrence or death, were assessed by the
Kaplan-Meier method. Patients who were alive at last
follow-up and those lost to follow-up were censored. The
log-rank test was used to compare groups. Effects were
considered statistically significant at P < .05. All statis-
tical analyses were performed using statistical software
(JMP Pro, Version 11, SAS Institute, Cary, NC).

Toxicity analysis

Toxicities and complications were assessed in a subset
of pairs with complete toxicity data available. A radiation
oncologist (J.R.G.) abstracted radiation toxicity informa-
tion from the medical record and used the Common
Terminology Criteria for Adverse Events, Version 4.0 for
grading. Two surgical oncologists (K.V.K. and I.J.P.)
abstracted all surgical complication information that was
reported in the medical record. Toxicities that were clearly
secondary to disease progression were not reported (eg,
bowel obstruction secondary to carcinomatosis).

Results

Clinical and pathologic characteristics

Clinical characteristics of the CB and SD cohorts were
well matched by type of surgery performed, T-stage, and
N-stage (P Z 1.0 for all 3 variables; Table 1). In addition
to the selection matching criteria, there were no signifi-
cant differences between patients who received SD
treatment versus those who received a CB in terms of age



Table 1 Clinical characteristics of matched patient pairs

Variable Standard Dose (n Z 76) Concomitant Boost (n Z 76) P-value

Age (y) 57.1�13.0 55.9�11.7 .54
Sex (male) 49 (64.5%) 50 (65.8%) .86
Ethnicity/Race (Caucasian) 62 (81.6%) 68 (89.5%) .17
T Stage Matched
T2 2 (2.6%) 2 (2.6%)
T3 71 (93.4%) 71 (93.4%)
T4 3 (4.0%) 3 (4.0%)

N Stage Matched
N0 42 (55.3%) 42 (55.3%)
N1 34 (44.7%) 34 (44.7%)

AJCC Stage Matched
I (T1-T2, N0, M0) 1 (1.3%) 1 (1.3%)
IIA (T3, N0, M0) 39 (51.3%) 39 (51.3%)
IIB (T4, N0, M0) 2 (2.6%) 2 (2.6%)
IIIA (T1-T2, N1, M0) 1 (1.3%) 1 (1.3%)
IIIB (T3-T4, N1, M0) 33 (43.4%) 33 (43.4%)

Operative procedure
Low anterior resection 19 (25.0%) 19 (25.0%)
Abdominoperineal resection 21 (27.6%) 21 (27.6%) 1
Proctectomy with coloanal anastomosis 36 (47.4%) 36 (47.4%)

Distance from anal verge (cm) 5.7 � 3.1 4.7 � 2.5 .02
Circumferential involvement (%) 54.4 � 20.5 (n Z 41) 58.4 � 22.2 (n Z 36) .41
Tumor length (cm) 5.1 � 2.6 (n Z 45) 5.1 � 2.0 (n Z 54) .97
Time from radiation therapy to surgery 48 (24-83) 42 (24-256) .67
Duration of chemoradiation therapy (d), (range) 35 (22-42) 35 (31-42) .80

AJCC, American Joint Committee on Cancer.
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(57.1 vs 55.9 years, PZ .54), male sex (64.5% vs 65.8%,
P Z .86), or race/ethnicity (P Z .17). Neither percentage
of circumferential involvement (54.4% vs 58.4%,
P Z .41) nor tumor length (5.1 vs 5.1 cm, P Z .97)
differed between the groups (information available only
for a subset of patients). However, the CB patient tumors
were located closer to the anal verge (CB, 4.7 cm vs SD,
5.7 cm, PZ .02). The time interval between radiation and
surgery (P Z .67) and the duration of CRT (P Z .80) did
not differ between the groups.
Pathologic outcomes

The rate of tumor downstaging was substantially
improved in the CB cohort, with 76% of patients found to
have a reduction in T-stage versus 51% of patients in the
SD arm (odds ratio, 2.9; confidence interval, 1.4-6.7;
P < .01; Table 2). However, the rates of pCR did not
differ significantly (CB, 17.1% vs SD, 15.8%; P Z 1.00).
Other pathologic variables, including lymphovascular
space invasion (PZ 1.00), perineural invasion (PZ .22),
and radial resection margin (P Z .22) did not differ
between the cases and controls. The number of patho-
logically evaluated and pathologically positive lymph
nodes did not differ between the CB and SD arms
(P Z .13 and P Z.74, respectively).
Survival outcomes

The median clinical follow-up for the entire cohort was
11.9 years (cases, 13.5 years; controls, 10.8 years), and
radiographic follow-up was 5.0 years (cases, 5.2 years;
controls, 5.0 years). Figure 1 depicts the local, regional,
and distant control rates and the PFS and OS rates for the
CB and SD patients. The 5-year local control rates were
significantly higher for CB patients (100.0%) compared
with SD patients (90.0%; P Z .01). CB patients also
showed a trend toward higher 5 and 10 year regional
control rates compared with SD patients (97.7% and
97.7% vs 97.1% and 82.9%, respectively; P Z .12 for
both) at 5 and 10 years, respectively. Similarly, there was
a trend toward improved 5-year distant control rates
(78.2% vs 67%; P Z .09) for the CB patients compared
with SD patients. CB patients had significantly higher 10-
year PFS and OS rates compared with SD patients (71.9%
and 71.6% vs 57.6% and 62.4%, respectively; P < .01
and P Z .01). Notably, all patients received 5-FU as
adjuvant therapy except for one patient who received
capecitabine and one who received 5-FU and cisplatin.

Figure 2 compares the local control, PFS, and OS of
patients with and without pCR and with or without
T-downstaging. Patients with pCR had significantly
higher rates of PFS (P < .01) and OS (P < .01)
compared with those without pCR. Similarly, patients



Table 2 Pathologic factors of matched pairs

Parameter (n Z 76 pairs, else specified) CB/Yes
SD/Noa

CB/No
SD/Yes

CB/Yes
SD/Yes

CB/No
SD/No

Odds Ratio (CI) P-value

Tumor downstaging 29 10 29 8 2.9 (1.4-6.7) .004
pCR 6 5 7 58 1.2 (0.3-5.0) 1
LVSI 4 3 1 68 1.3 (0.2-9.1) 1.00
PNI 1 5 1 69 0.2 (0.0-1.8) .22
Radial resection margin 12 20 3 26 0.6 (0.3-1.3) .22

CB, concomitant boost; CI, confidence interval; LVSI, lymphovascular space invasion; pCR, pathologic complete response; PNI, perineural invasion;
SD, standard dose.

a Yes means patient experienced an outcome; no means patient did not experience an outcome.
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with T-downstaging had higher PFS (P < .01) and OS
rates (P < .01) compared with patients without
T-downstaging.

Radiation outcomes and toxicities

Radiation-related toxicities were similar for both
groups (Table 3). The groups had no significant
Figure 1 Local control (a), regional control (b), distant control (c),
treated with concomitant boost and standard dose radiation therapy.
differences in radiation therapy interruptions (P Z .37)
or neoadjuvant chemotherapy reductions (P Z .22). In
general, the cohorts did not differ in terms of overall
toxicities noted (grades 1-4, and any grade; P > .05).
Additional toxicities, including skin reaction (grade
�2), fatigue, nausea, mucositis, diarrhea, pain, and
acute urinary symptoms, did not differ between the
cohorts (P > .05).
progression-free survival (d), and overall survival (e) of patients



Figure 2 Local control (a), progression-free survival (b), and overall survival (c) for patients with and without pathologic complete
response. Local control (d), progression-free survival (e), and overall survival (f) for patients with and without tumor downstaging.
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Surgical outcomes and toxicities

Surgical wound complications that required treat-
ment did not differ between the groups (P > .05).
Urinary side effects, including early urinary retention
(P Z .04) and urinary tract infection (P Z .004), were
higher in the SD group compared with the CB group.
Bowel complications, including anastomotic leak,
bleeding, wound complication, and abscess, were not
different between the groups (P > .05). Late toxicities,
including small bowel obstruction and stricture, also
did not differ significantly (P > .05). Surgical out-
comes, including sphincter preservation (P-value not
calculable), temporary ileostomy (P Z 1.00), and
permanent colostomy (P Z .62), also did not differ
between the groups. Full details are presented in
Table 4.
Discussion

Our results suggest that dose escalation in patients
with LARC receiving neoadjuvant CRT leads to
improved outcomes without a significant increase in ra-
diation toxicity or surgical complication rates.
The increased T-downstaging seen in the CB group
supports the dose-response relationship confirmed by
other studies and lends support to the argument for
moderate dose escalation to improve complete response
rates.7



Table 3 Radiation toxicity of matched pairs

Parameter (n Z 76 pairs, unless specified) CB/Yes
SD/Noa

CB/No
SD/Yes

CB/Yes
SD/Yes

CB/No
SD/No

Odds ratio (CI) P-value

Interruption in radiation 4 1 0 58 4.0 (0.5-197.0) .37
Neoadjuvant chemotherapy reduction 5 1 0 56 5.0 (0.6-236.5) .22
Radiotoxicity (n Z 63 pairs)
Grade I 9 7 45 2 1.3 (0.4-4.1) .8
Grade II 17 12 9 25 1.4 (0.6-3.3) .46
Grade III 4 1 1 57 4.0 (0.4-196.9) .37
Grade IV 1 0 0 62 NA 1

Any Grade 6 5 52 0 1.2 (0.3-4.9) 1
Fatigue 4 3 0 56 1.3 (0.2-9.1) 1
Nausea 12 4 9 38 3.0 (0.9-12.8) .08
Mucositis 10 3 2 48 3.3 (0.9-18.9) .1
Diarrhea 17 16 25 5 1.1 (0.5-2.3) 1.0
Hand/foot syndrome 2 2 0 59 1.0 (0.1-13.8) .62
Skin reactionb (52 pairs) 12 22 11 7 1.8 (0.9-4.1) .12
Pain 12 5 3 43 2.4 (0.8-8.7) .15
Acute urinary symptoms 4 7 1 51 0.6 (0.1-2.3) .55

CB, concomitant boost; CI, confidence interval; SD, standard dose.
a Yes means patient experienced an outcome; no means patient did not experience an outcome.
b Grade 1 dermatitis treated as unaffected.

Table 4 Surgical outcomes and toxicities of matched pairs

Parameter (n Z 76 pairs, else specified) CB/Yes
SD/Noa

CB/No
SD/Yes

CB/Yes
SD/Yes

CB/No
SD/No

Odds ratio (CI) P-value

Temporary ileostomy 5 4 45 22 1.3 (0.3-6.3) 1.00
Permanent colostomy 1 3 19 53 0.3 (0.0-4.2) .62
Urinary
Early urinary retention 0 6 1 69 b .04
Urinary tract infection 0 10 0 66 b .004

Bowel
Mucositis (63 pairs) 10 3 2 48 3.3 (0.9-18.9) .1
Diarrhea (63 pairs) 17 16 25 5 1.1 (0.5-2.3) 1.0
Bowel obstruction
Early small bowel 0 3 0 73 b .25
Late small bowel 8 5 0 63 1.6 (0.5-6.2) .58

Anastomotic Leak
Radiologic 5 4 0 67 1.3 (0.3-6.3) 1.0
Clinical 3 3 0 70 1.0 (0.1-7.5) .68

Wound complications
Abdominal wound complication 12 7 1 56 1.7 (0.6-5.1) .36
Perineal wound complication 4 3 2 67 1.3 (0.2-9.1) 1.00

Pelvic abscess
Abdominal/pelvic abscess 8 4 1 63 2.0 (0.5-9.1) .39
Abdominal/pelvic abscess needing percutaneous drainage 5 2 1 68 2.5 (0.4-26.3) .45
Abdominal/pelvic abscess needing operative drainage 2 2 0 72 1.0 (0.1-13.8) .62

Postoperative bleeding 1 1 0 74 1.0 (0.01-78.5) .48
Perineal hernia 3 1 0 72 3.0 (0.2-157.5) .61
Anastomotic stricture 7 4 1 64 1.75 (0.5-8.2) .55

CB, concomitant boost; CI, confidence interval; SD, standard dose.
a Yes means patient experienced an outcome; no means patient did not experience an outcome.
b odds ratio not calculable due to value of zero.
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Other researchers have reported a highly significant
dose-response relationship for patients with LARC after
neoadjuvant CRT for dose levels in the range of 50.4 to
70 Gy, notably higher than a conventional dose.7 Addi-
tionally, the efficacy and safety of dose escalation deliv-
ered using both EBRT and/or brachytherapy in LARC has
been reported by several groups.4,9-13 Jakobsen et al re-
ported a phase 3 randomized trial that compared 50.4 Gy
in 28 fractions of EBRT and 50.4 Gy with an endorectal
brachytherapy boost of 10 Gy in 2 fractions.10 The au-
thors concluded that a higher dose increased the rate of
major response by 50% for T3 tumors and that an
endorectal boost is feasible with no increased toxicity or
surgical complications. Passoni et al described the use of
adaptive radiation therapy plans using a CB technique to
give an additional dose to the residual tumor near the end
of treatment.11 In this study, 25 patients with LARC
received concurrent CRT that consisted of 41.4 Gy in 18
fractions to the full field with a CB to the residual tumor
over the last 6 fractions to give 45.6 Gy in 18 fractions
(equivalent dose in 2 Gy fractions Z 54 Gy). They
concluded that this adaptive strategy is feasible with
acceptable toxicity and tumor response rates, and they
encouraged further dose escalation in these patients.
Given the significant interest in this area, Burbach et al
compiled a meta-analysis of patients with LARC treated
with dose escalation above 60 Gy and concluded that
these doses resulted in high pCR rates (estimated pCR,
20.4%) and acceptable acute grade �3 toxicity (estimate,
10.3%).8 Resectability was estimated at 89.5%. Interest-
ingly, the total equivalent dose in 2 Gy fractions did not
correlate with acute toxicity, resectability, or pCR rates
in this study. Due to the inherent limitations of
meta-analysis, the authors recommended additional larger
randomized phase 3 studies of dose escalation in this
population. These same authors also designed a ran-
domized controlled trial to compare 50 Gy standard CRT
with a 15 Gy EBRT boost plus 50 Gy CRT. This trial is
currently ongoing.16

However, these studies are limited by a lack of control
patients, nonstandard chemotherapy protocols, or
nonuniform pathologic response assessment. Without SD
patients for comparison, interpretation of the boost dose
contribution to patient toxicity is impossible. Addition-
ally, several studies included patients who eventually
declined surgical resection; therefore, the pathologic
response cannot be known.8 In this report, we used a
matched case-control approach to ensure that the patients
in the CB and SD cohorts were similar in terms of
T-stage, N-stage, and type of surgery performed.
Chemotherapy regimen and standard pathologic assess-
ment were also identical for both cohorts. This careful
study design increases the likelihood that the differences
noted between the patient groups are attributable to the
effects of the boost radiation dose rather than the
measured patient or tumor factors.
Our study is also unique in the significant length of
follow-up for the included patients. Nearly all other
studies reported only on the acute toxicities of radiation
treatment and surgical complication rates. As data on late
toxicity were scarce, this information was not discussed in
the recent meta-analysis.8,18 Potential long-term compli-
cations include fistula, anastomotic stricture, or recurrent
bowel obstruction, all of which affect a patient’s quality
of life. Interestingly, many prior studies used higher ra-
diation doses with larger fraction sizes or brachytherapy,
which resulted in biologically equivalent doses that were
much higher than both the prescribed dose and the stan-
dard CRT. Accordingly, with these dose schedules, there
may be greater potential for late toxicities, which is only
notable with long-term follow-up. We report both the
immediate and long-term complication rates for CB and
SD patient groups with no significant differences between
the measured outcomes. These data may be considered
during treatment planning in anticipation of subsequent
successful resection.

The LARC treatment paradigm leads to excellent
outcomes, but the morbidity associated with treatment can
be significant. Thus, there is considerable interest in
alternative treatment strategies that deintensify or exclude
one of the treatment modalities to decrease toxicity and
morbidity. Appelt et al recently reported a series of pa-
tients with distal rectal cancer in a prospective observa-
tional trial who received 60 Gy in 30 fractions to the
tumor with a 5 Gy endorectal brachytherapy boost. Forty
of 51 patients had a complete clinical response, and local
regrowth for those who were observed (no surgical
resection) was 15.5% at 1 year.4 The Preoperative Radi-
ation Or Selective Preoperative Radiation and Evaluation
before Chemotherapy and Total Mesorectal Excision
(PROSPECT) trial (currently recruiting patients) will
compare receipt of chemotherapy alone versus CRT fol-
lowed by surgical resection for patients with LARC.
However, these alternative treatment regimens need a
longer follow-up to ensure good oncologic outcomes.

There is considerable interest in the identification of
clinical, molecular, and imaging-based predictors of
response to treatment either prior to or early during the
course of therapy, which would allow for individualized
treatment strategies.19 Patients who are predicted to be
poor responders could undergo treatment intensification
(eg, high dose radiation boost) or alternative therapies
with the potential for improved outcomes. Those pre-
dicted to have excellent response to therapy could benefit
from treatment de-escalation with associated decreased
morbidity.

Our study provides evidence for the efficacy and safety
of moderate radiation dose escalation. We show that a
boost dose is associated with increased tumor down-
staging, with potential implications for tailoring subse-
quent treatments. Practically, this CB approach could be
used in patients who are predicted upfront (prior to
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treatment initiation) to be poor responders, particularly
given the emergence of new information with regard to
rectal cancer subtypes, with implications for treatment
sensitivity. Alternatively, if a midtreatment assessment
(via imaging or examination) predicts a poor overall
response to preoperative therapy, the CB could be plan-
ned during the first few weeks of treatment and safely
delivered at the end of the radiation therapy course. This
boost dose delivery schedule is therefore advantageous
compared with treatments that deliver a dose throughout
the entire treatment course.

It is now well established that tumor regression
(measured by regression grade or pathologic response) is
associated with improved long-term outcomes for patients
who are treated with neoadjuvant CRT.2,20-23 Several
studies report an association between improved patho-
logic response and improved local control and disease-
free survival.2 We confirmed that patients who achieved
a pCR or T-downstaging had improved PFS and OS rates.
In the present study, we did not observe a significant
increase in pCR for the CB patients, but we did observe
increased rates of tumor downstaging after receipt of a
CB. In this study, surgery was performed at a mean of 6 to
7 weeks after completion of CRT. However, a longer
interval to surgical resection can also increase the rates of
pCR, and it is likely that those patients with more sig-
nificant downstaging at 6 weeks would have ultimately
achieved a complete response if given more time.

There are several limitations of our study. The study
enrollment period was over a decade ago, which allows
for a long period of actual follow-up for both the SD and
CB groups, especially for documenting late toxicities, but
also makes comparisons to current standard-of-care
treatments more challenging. The overall treatment strat-
egy with regard to concurrent chemotherapy agents and
the use of adjuvant chemotherapy has not fundamentally
changed during this time. However, the use of 45 Gy was
relatively standard at the time that these patients were
treated; we currently typically use a sequential boost to
50.4 Gy after treating the pelvis to 45Gy. Therefore, the
impact of an additional radiation boost beyond the current
standard of care of 50.4 Gy on tumor downstaging and/or
treatment toxicity would need to be addressed separately.

The patients in this study were treated with 3-
dimensional conformal radiation therapy; however,
recent investigations have shown acute toxicity
benefits24-27 with the use of intensity modulated radiation
therapy for LARC CRT treatment when compared with
3-dimensional techniques, and many have adopted the
routine use of intensity modulated radiation therapy in
this setting. Additionally, there is the possibility of higher
staging inaccuracies with the endorectal ultrasound stag-
ing that was employed for these patients (albeit for pa-
tients on both arms being compared). Currently, we
routinely use magnetic resonance imaging for staging.
Furthermore, to compare the outcomes after SD and CB
radiation treatment, matching was based on clinical stage
information, which is subject to risk for stage inaccuracy.
Clinical stage information is less predictive of survival
than pathologic stage, but any inaccuracies of clinical
staging would have been equally likely to affect both
groups.

Finally, despite matching on the known factors, it is
possible that other residual confounding factors could
account for the survival differences. However, it is
notable that the CB was associated with greater treatment
response despite initial tumor characteristics, such as
circumferential extent and size, that did not differ between
the groups. The improvement in PFS and OS seems
intuitively incongruous with merely an incremental in-
crease in radiation dose via a CB. Given that some pa-
tients on the CB arm were treated on protocol, there may
have been an inherent but intangible bias in selection by
the treating team (although eligibility criteria were similar
to those for off-protocol patients) and/or with patient
willingness to participate in the protocol that eventually
translated to a PFS or OS benefit. This is unlikely to be
due to more intensive systemic therapy administered to
patients in the CB group because there was no difference
in adjuvant chemotherapy between the groups.

These data demonstrate that dose escalation in LARC
treatment is feasible, safe, and associated with increased
tumor response. Dose escalation may have important im-
plications for novel treatment strategies for rectal cancer
that rely on pCR, such as nonoperative management.
Therefore, strategies to enhance radiation therapy response
through dose optimization should be further pursued.
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