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Purpose: To evaluate the feasibility of simultaneous integrated boost intensity-modulated radiotherapy (SIB-IMRT) for
preoperative concurrent chemoradiotherapy (PCRT) in locally advanced rectal cancer (LARC), by comparing with 3-dimensional
conformal radiotherapy (3D-CRT).

Materials and Methods: Patients who were treated with PCRT for LARC from 2015 January to 2016 December were
retrospectively enrolled. Total doses of 45 Gy to 50.4 Gy with 3D-CRT or SIB-IMRT were administered concomitantly with
5-fluorouracil plus leucovorin or capecitabine. Surgery was performed 8 weeks after PCRT. Between PCRT and surgery, one cycle of
additional chemotherapy was administered. Pathologic tumor responses were compared between SIB-IMRT and 3D-CRT groups.
Acute gastrointestinal, genitourinary, hematologic, and skin toxicities were compared between the two groups based on the RTOG
toxicity criteria.

Results: SIB-IMRT was used in 53 patients, and 3D-CRT in 41 patients. After PCRT, no significant differences were noted in tumor
responses, pathologic complete response (9% vs. 7%; p = 1.000), pathologic tumor regression Grade 3 or higher (85% vs. 71%; p =
0.096), and RO resection (87% vs. 85%; p = 0.843). Grade 2 genitourinary toxicities were significantly lesser in the SIB-IMRT group
(8% vs. 24%; p = 0.023), but gastrointestinal toxicities were not different across the two groups.

Conclusion: SIB-IMRT showed lower GU toxicity and similar tumor responses when compared with 3D-CRT in PCRT for LARC.
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Introduction

Preoperative chemoradiotherapy (PCRT) followed by surgery
is the preferred standard of treatment for locally advanced
rectal cancer (LARC) [1]. Radiotherapy (RT) field for LARC
is recommended to encompass the primary tumor, entire
mesorectum, presacral space, and regional lymphatics.
Traditionally, 2D techniques with 3- to 4-fields were used
for coverage of the region of interest. After the introduction
of 3-dimensional conformal radiotherapy (3D-CRT), dose
coverage of target areas and sparing of organs at risks (OARs)
has been improved [2]. However, it is difficult to avoid OARs
even with 3D-CRT because of the horseshoe-shaped target
volume, surrounding the small bowel and the bladder, in rectal
cancer [3]. To further decrease irradiated volumes and doses
delivered to OARs, more advanced RT techniques such as
intensity-modulated radiotherapy (IMRT) are needed.

IMRT has been widely used for various cancer sites, such as
head and neck cancer and prostate cancer. Even though the
dosimetric advantages of IMRT over conformal RT have been
reported in rectal cancer [4-6], the comparisons of clinical
outcomes between two techniques have not been reported
much. In addition to the ability to spare the doses of OARs,
IMRT can deliver different doses to different target volumes
in a single fraction. This simultaneous integrated boost IMRT
(SIB-IMRT) can increase the fraction size of boost volume
with a lower dose to the elective volume, providing clinical
and dosimetric advantages [7,8]. There are several phase Il
clinical trials of PCRT for LARC using SIB-IMRT, reporting good
oncologic outcomes with acceptable toxicities [9-12]. Based on
these clinical data, we commenced SIB-IMRT for PCRT in LARC.

To evaluate the safety and efficacy of SIB-IMRT in LARC,
early treatment outcomes and acute toxicities were compared
between the 3D-CRT and SIB-IMRT groups.

Materials and Methods

The Institutional Review Boards of Kyungpook National
University Chilgok Hospital (No. 2017-06-023) and Kyungpook
National University Hospital (No. 2017-06-012-001) approved
this retrospective study and waived the requirement for
informed patient consent.

1. Patients

From 2015 January to 2016 December, 116 patients were
treated with the intention of PCRT for LARC. The patients who
met the following inclusion criteria were included in this study:
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patients with pathologically proven adenocarcinoma, patients
with locally advanced disease (cT3 or higher T stage, or positive
lymph node), patients treated with 3D-CRT or SIB-IMRT, and
patients who underwent surgery in our institution. Clinical
staging of patients was based on initial chest and abdomen
computed tomography (CT), pelvic magnetic resonance
imaging (MRI), and positron emission tomography-computed
tomography (PET-CT). Patients who underwent surgery outside
our institution, refused surgery, or did not complete planned
PCRT were excluded. Finally, 94 patients met the criteria and
were evaluated for the analysis.

2. Radiotherapy

Planning CT with a 2- to 5-mm slice thickness was performed
in the prone position for 3D-CRT, and in the supine position for
SIB-IMRT. Patients were instructed to hold urination for 1 hour
before simulation and each treatment session. The general
principles of target contouring were based on pre-existing
guidelines, which were identical in 3D-CRT and SIB-IMRT
[3,13]. The gross tumor volume (GTV) was defined as a tumor
visible on CT and MRI. Fusion of diagnostic pelvic MRI and
planning CT scans was optionally carried out for contouring
assistance. Clinical target volume 1 (CTV1) started from the L5-
S1 junction, encompassing the internal iliac lymphatic region,
the obturator lymphatic region, the presacral area, and the
mesorectum down to the pelvic floor. When visceral organs
anterior to the rectum were involved by tumor infiltration, the
external iliac lymphatic regions were also included in CTV1.
CTV2 for boost was defined as the entire mesorectum area at
the level of GTV plus 1 cm, or the GTV plus 3 mm, based on
the practitioner's preferences. To consider the inter-fractional
variation of target volume according to the stool, bowel gas,
and bladder filling, additional anterior margin of 5-10 mm was
added to CTV. Finally, 5-6 mm margins from CTV1 and CTV2
were added for planning target volumes (PTV1 and PTV2).

RT doses and techniques had changed during the study
period. Total dose of 3D-CRT was escalated from 45 Gy in 25
fractions to 50.4 Gy in 28 fractions from January 2016. After
April 2016, we commenced to apply SIB-IMRT of 50 Gy in
25 fractions to PCRT. Forty-one patients were treated with
3D-CRT using 3-field or 4-field box techniques. After receiving
45 Gy in 25 fractions to PTV1, 21 patients received boost of
5.4 Gy in 3 fractions to PTV2. Fifty-three patients were treated
with SIB-IMRT; patients received 45 Gy in 25 fractions to PTV1,
and 50 Gy in 25 fractions to PTV2. SIB-IMRT was generated
with a dynamic multileaf collimator technique using 7-9 fields,
or a volumetric arc technique using 2 arcs. For the SIB-IMRT
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planning, the dose distribution in the normal tissue outside
the PTV1/2 was set to fall off rapidly. The maximum dose of
the small bowel and bladder outside the PTV1/2 was kept to be
lower than the prescribed doses. And, the volume of the small
bowel and bladder receiving 30-40 Gy was further reduced.

During the treatment course of 3D-CRT and SIB-IMRT,
the position of each patient was verified using on-board
kilovoltage imaging device or electronic portal imaging device
once a week.

3. Chemotherapy and surgery
Either 5-fluorouracil (5-FU) plus leucovorin or capecitabine
was used for concurrent chemotherapy during RT. 5-FU (425
mg/m’, days 1-4) plus leucovorin (20 mg/m® days 1-4) was
intravenously administered during the first and fifth weeks
of RT. Capecitabine (825 mg/m’) was administered twice daily
on the day of RT for 25 days. One additional infusion of the
previously described chemotherapy regimen of 5-FU plus
leucovorin was administered 3 weeks after the end of CRT.
Surgery with total mesorectal excision was performed
median 8 weeks after PCRT. Varied surgical techniques were
employed based on patient's status and surgeon's preferences,
including lower anterior resection, abdominoperineal resection,
and intersphincteric resection.

4. Evaluation and statistical analysis

Pathologic responses based on surgical pathology were
compared between 3D-CRT and SIB-IMRT groups for the
evaluation of tumor responses, including primary tumor
downstaging, nodal downstaging, pathologic tumor regression
grade (TRG) based on Dworak grading system [14], and
pathologic complete response (pCR) defined as ypTONO. Clinical
and pathologic tumor staging was based on the American
Joint Committee on Cancer 7th edition [15]. Dworak grading
system is as follows: Grade O, no regression; Grade 1, dominant
tumor mass with obvious fibrosis and/or vasculopathy; Grade
2, dominantly fibrotic changes with few tumor cells or groups
(easy to identify); Grade 3, very few (difficult to identify
microscopically) tumor cells in fibrotic tissue with or without
mucous substance; and Grade 4, no tumor cells, only fibrotic
mass (total regression or response).

During RT, all patients attended weekly interview with
radiation oncologists. For the evaluation of acute toxicities
related to PCRT and surgery, patient charts were reviewed for
gastrointestinal (Gl), genitourinary (GU), hematologic, and
skin toxicities, and for early anastomotic leakage. Gl events
included abdominal pain, constipation, diarrhea, increased

210  www.e-roj.org

Radiation Oncology Journal ROJ

fecal frequency, painful defecation, and tenesmus. GU
events included increase in urinary frequency, dysuria, and
urinary urgency. Hematologic toxicities were graded based
on laboratory results of white blood cell (WBC) and platelet
counts, and hemoglobin levels. Skin toxicity was graded based
on visual inspection and subjective complains of the patient.
Early leakage was defined as leakage that required additional
intervention within 1 month after surgery. Adverse events
were graded based on the Radiation Therapy Oncology Group
toxicity criteria.

To compare dose-volume parameters of the small bowel
and the bladder between 3D-CRT and SIB-IMRT groups,
individual loops of the small bowel and the entire bladder
were delineated at the level of PTV. Volume receiving 15 Gy
or more (V,5), volume receiving 45 Gy or more (V,;), maximum
dose (D,J, and mean dose (D,.,,) of the small bowel and the
bladder were evaluated.

To compare the tumor responses and toxicities between the
3D-CRT and SIB-IMRT groups, Pearson chi-square test, Fisher
exact test, and t-test were used depending on the variables.
IBM SPSS ver. 23 (IBM Corp., Armonk, NY, USA) was used
for analysis, and a p-value of less than 0.05 was considered
statistically significant.

Results

1. Characteristics

Table 1 shows the baseline patient, tumor, and treatment
characteristics. The median age of all patients was 64 years
(range, 24 to 85 years). Eighty-one patients (86%) were
diagnosed with stage Ill disease. All 53 patients in the SIB-
IMRT group received 50 Gy, while 20 patients in the 3D-CRT
group (49%) received 45 Gy. The proportion of patients with
capecitabine for PCRT was higher in the SIB-IMRT group than
in the 3D-CRT group (70% vs. 49%; p = 0.038). The median
time from the end of PCRT to surgery was 58 days (range,
38 to 105 days). Age, gender, performance status, stage,
mesorectal fascia involvement, distance from the anal verge,
time to surgery, and type of surgery were not significantly
different between the SIB-IMRT and 3D-CRT groups (all
p-values > 0.05).

2. Tumor responses

Table 2 shows the pathologic stages after PCRT. pCR was
observed in 8 patients (9%). Eleven patients (12%) had stage |
disease, 32 patients (34%) had stage Il, and 43 patients (46%)
had stage Ill. The distributions of stages were not different
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Table 1. Baseline patient, tumor, and treatment characteristics

SIB-IMRT vs. 3D-CRT in PCRT for LARC

All 3D-CRT SIB-IMRT p-value

Age (yr) 64 (24-85) 61(32-85) 65 (24-83) 0.229

Gender 0.281
Male 73(78) 34(83) 39 (74)

Female 21(22) 7(17) 14(26)

ECOG performance status 0.109
0 41 (44) 13(32) 28(53)

1 50(53) 26 (63) 24 (45)
2 3(3) 2(5) 1(2)

Tumor grade 0.046

Well differentiated 23(24) 14 (34) 9(17)
Moderately differentiated 46 (49) 16(39) 30(57)
Poorly differentiated 4(4) 0(0) 4(8)

Unknown 21(22) 11(27) 10(19)

Clinical stage 0.163
[l 13(14) 5(12) 8(15)

1 81(86) 36(88) 45(8

cT 0.300
cT2 3(3) 0(0) 3(6)
cI3 67(71) 30(73) 37(70)
cT4 24(26) 11(27) 13(25)

cN 0.686
Negative 13(14) 5(12) 8(15)

Positive 81(86) 36(88) 45(85

Mesorectal fascia 0.544
Involved 61(65) 28 (68) 33(62)

Not involved 33(35) 13(32) 20(38)

Distance from the anal verge (cm) 56+28 5.7 +26 56+29 0.933
<5 43 (46) 20 (49) 23 (43) 0.603
>5 51 (54) 21(51) 30(57)

Total dose (Gy) <0.001
50.4 or 50 74(79) 21(51) 53(100)

45 20(21) 20 (49) 0(0)

Chemotherapy 0.038
5-fluorouracil + leucovorin 37(39) 21(51) 16 (30)

Capecitabine 57(61) 20 (49) 37(70)

Time to surgery (day) 58(38-105) 57 (44-72) 59 (38-105) 0.141

Type of surgery 0.237
Low anterior resection 54(57) 24(59) 30 (57)

Abdominoperineal resection 5(5) 0(0) 5(9)
Intersphincteric resection 35(37) 17 (41) 18 (34)

Values are presented as median (range) or number (%) or mean + standard deviation.
3D-CRT, three-dimensional conformal radiotherapy; SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; ECOG,

Eastern Cooperative Oncology Group.

between the SIB-IMRT and 3D-CRT groups.

Primary tumor downstaging was observed in 39 patients
(410%0). Of the 81 patients with clinically positive lymph node,
40 patients (49%) showed conversion to a negative lymph node
status. Tumor response of TRG 3-4 was seen in 74 patients (79%).
When comparing tumor responses between the two groups, no
significant differences were observed (Table 3).

https://doi.org/10.3857/r0}.2017.00353

3. Toxicities

There was no Grade 3 or higher toxic events reported on Gl,
GU, and skin toxicity profiling. Three patients experienced
Grade 3 hematologic toxic events: 2 related with WBC counts
and 1 related with the hemoglobin level. The incidence of
Grade 2 GU toxicity was significantly lower in the SIB-IMRT
group, while that of other toxicity grades were not different
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Table 2. Pathologic stages after preoperative chemoradiotherapy followed by surgery

All 3D-CRT SIB-IMRT p-value
ypStage 0.986
0 (pCR) 8(9) 307) 5(9)
| 11(12) 5(12) 6(11)
Il 32(34) 14(34) 18(34)
[ 43 (46) 19(46) 24 (45)
ypT 0.981
TO 8(9) 3(7) 5(9)
T1-2 14(15) 6(15) 8(15)
13-4 72(77) 32(78) 40 (75
ypN 0.919
Negative 51(54) 22 (54) 29 (55)
Positive 43 (46) 19 (46) 24(45)

Values are presented as number (%).

3D-CRT, three-dimensional conformal radiotherapy; SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy; pCR,

pathologic complete response.

Table 3. Tumor responses to preoperative chemoradiotherapy

All 3D-CRT SIB-IMRT p-value
Primary tumor downstaging 0.670
Yes 39 (41) 16(39) 23 (43)
No 55(59) 25(61) 30(57)
Nodal downstaging 0.960
Yes 40 (49) 18(50) 22(49)
No 41(51 18 (50) 23(51)
Completeness of resection 0.843
RO 81(86) 35(85) 46(87
R1 13(14) 6(15) 7(13)
Pathologic tumor regression grade 0.096
1-2 20(21) 12(29) 8(15)
3-4 74(79) 29(71) 45(85

Values are presented as number (%).

3D-CRT, three-dimensional conformal radiotherapy; SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy.

between the groups. After surgery, 8 patients (9%) experienced
early leakage requiring additional intervention with no
difference in patient distribution between the two groups.
Details of acute toxicities are summarized in Table 4.

On comparing dose-volume parameters, V,; of the small
bowel and the bladder were significantly lower in the SIB-IMRT
group. However, there were no differences in other parameters.
Details are shown in Table 5.

Discussion and Conclusion

This study compared early clinical outcomes between two RT
techniques using similar strategies on tumor dose and target
volumes. Tumor responses were not different between SIB-
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IMRT and 3D-CRT. The incidence of GU toxicities of Grade 2
was significantly lower in the SIB-IMRT group; however, Gl
toxicities were not different between the two groups on the
contrary to our expectation.

The rate of pCR after PCRT has been reported to be 10.4%-
27% [16-19]. In the current study, the pCR rate was 9% with
no difference between the 3D-CRT and SIB-IMRT groups. The
previous study from our institution, with the CRT regimens
similar to the current study, showed a pCR rate of 22.7% [20].
Even though the reason for this difference is unclear, the
differences between the cohorts might explain this; in the
earlier investigation, patients were treated during 2010-2013
vs. 2015-2016 in the current one, and also the proportion
of patients with cT4 doubled from 13% to 26% during this
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Table 4. Comparison of acute toxicities between 3D-CRT and IMRT groups

Grade All 3D-CRT SIB-IMRT p-value
Gastrointestinal 0-1 83 (88) 37 (90) 46 (87) 0.751
2 11 (12) 4(10) 7(13)
Genitourinary 0-1 80 (85) 31(76) 49 (92) 0.023
2 14 (15) 10 (24) 4(8)
Hematologic 0-1 73 (78) 30 (73) 43 (81) 0.358
2-3 21(22) 11 (27) 10 (19)
Skin 0-1 70 (74) 27 (66) 43 (81) 0.092
2 24 (26) 14 (34) 10 (19)
Early leakage Absent 86 (91) 38 (93) 48 (91) 1.000
Present 8(9) 3(7) 5(9)

Values are presented as number (%).

3D-CRT, three-dimensional conformal radiotherapy; SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy.

Table 5. Comparison of dose-volume parameters of the small bowel and the bladder between the 3D-CRT and SIB-IMRT groups

3D-CRT (n = 41) SIB-IMRT (n = 53) p-value

Small bowel

V., (cm?) 172.0 + 160.7 223.0 + 150.4 0.117

Vs (cm?) 38.1+445 8.5+ 10.3 <0.001

Dyean (Gy) 23.6+7.3 247 +8.2 0.478

Drae (GY) 455493 4314134 0.326
Bladder

Vs (em?) 116.6 + 102.4 140.7 + 98.8 0.251

V,s (em®) 32.4+365 15.6+17.3 0.004

Dinear (GY) 34.2+6.1 33.6+5.1 0.562

Do (GY) 48.1+25 489+ 6.4 0.468

Values are presented as mean + standard deviation.

3D-CRT, three-dimensional conformal radiotherapy; SIB-IMRT, simultaneous integrated boost intensity-modulated radiotherapy.

period. In patients who did not achieved pCR, TRG could be
an excellent alternative factor for the assessment of patients'
prognosis [19,21,22]. Our rate of TRG 3-4 (79%) was relatively
higher than those in other studies (38.6%-63%) [19,21,22],
even though direct comparisons among different studies are
difficult. When we compared the rates of TRG 3-4 between
SIB-IMRT and 3D-CRT groups, no significant differences were
observed (85% vs. 71%; p = 0.096).

As IMRT has been widely used in many cancer sites to
reduce normal tissue toxicities, IMRT has been attempted for
rectal cancer. Some authors have reported that the incidence
of Grade 2 or higher Gl toxicity was significantly reduced with
IMRT vs. 3D-CRT (309%-32% vs. 619%-620) [23,24]. Parekh et
al. [24] noted that Grade 2 or higher diarrhea reduced with
IMRT vs. 3D-CRT (10% vs. 43%; p = 0.014) in PCRT for rectal
cancer. However, a prospective multi-institutional single arm
study of PCRT for rectal cancer concluded that IMRT could not
reduce Gl toxicity, with a result of Grade 2 or higher Gl toxicity

https://doi.org/10.3857/r0}.2017.00353

in 51.5% of the patients [25]. In the current study, there was
no difference in Grade 2 Gl toxicity between the SIB-IMRT
and 3D-CRT groups (13% vs. 10%). There are several possible
reasons for this. Even though V,; of the small bowel was
significantly smaller in the SIB-IMRT group, V,s of the small
bowel was not different between the two groups, which was
reported to be a strong factor for acute small bowel toxicity
[26]. In addition, it was not possible to capture or discriminate
all PCRT-related toxicities because of the retrospective nature
of this study. The difference in concurrent chemotherapeutic
agents could have affected the results (Table 1). As all the
symptoms existing before treatment were not recorded, we
could not use the Common Terminology Criteria for Adverse
Events criteria and this restricts the direct comparison of our
results with other studies.

Acute Grade 2 GU toxicities were significantly lower in the
SIB-IMRT group compared to the 3D-CRT group (4% vs. 249%;
p = 0.023). Reduced doses of the bladder and urethra would
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be considered for this difference. Dose volume effects on
bladder toxicity in pelvic RT have been more focused on high-
dose radiation and late toxicities [27], so the presence of acute
toxicities related to lower dose is relatively unclear. Although
the clinical significance is unknown, SIB-IMRT showed
advantages in bladder sparing in V,; of the bladder. When
reviewing the dose distribution near the proximal urethra, SIB-
IMRT seemed to give a lower dose to the area where 3D-CRT
would be supposed to give a dose similar to the prescribed
dose because of the geometric relationship between both
internal iliac areas and the proximal urethra; a connecting line
of the most anterior portions of internal iliac nodal regions is
anterior to that of the rectum and traverses the area near the
proximal urethra.

Although pCR is known to be an important factor of good
prognosis after PCRT in LARC and some studies have reported
dose-response relationship in PCRT [28-31], the optimal RT
dose for PCRT is still unclear. Appelt et al. [30] revealed a
significant dose-response relationship in the range of 50.4 Gy
to 70 Gy. In a meta-analysis comprising 14 studies, Burbach
et al. [31] reported that doses of =60 Gy were associated with
an increased pCR rate with acceptable early toxicity. Notably,
in the era of total mesorectal excision, dose escalation with
the simple purpose of increasing the rate of pCR may not be
beneficial because of the possible increase in toxicities without
an increase in local control. Taking into consideration the
importance of the circumferential resection margin status
after PCRT for local recurrence [32], dose escalation with SIB-
IMRT would be helpful for patients with mesorectal fascia
involvement at the time of diagnosis.

The rate of early leakage after sphincter-saving resection
for rectal cancer has been reported to be 3%-20% [33,34]. In
the present study, on using the current standard RT dose of
45-50 Gy, early leakage occurred in 8 patients (9%), which was
comparable to previous studies and was not different between
the SIB-IMRT and 3D-CRT groups. However, there have been
few reports about the relationship between postsurgical
complications and escalated RT dose over 50 Gy in the setting
of PCRT for LARC. Therefore, it is necessary to find the optimal
RT dose for PCRT while considering both tumor response and
toxicities.

There are several limitations of the current study. As
a retrospective study, the small number of patients and
uncontrolled characteristics related to tumors, patients, and
treatments could have caused bias. For example, although
all SIB-IMRT-group patients received 50 Gy, only 50%
of the 3D-CRT-group patients received 50 Gy, which can
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make comparison of dose-volume parameters difficult. This
difference could have also caused more Gl toxicities of higher
grades in the SIB-IMRT group.

In the current study, SIB-IMRT achieved tumor response
profiles comparable to those of 3D-CRT, using similar
RT strategies. During RT, patients treated with SIB-IMRT
experienced similar or reduced treatment-related toxicities
compared with 3D-CRT treated patients. In addition, reduced
fraction number with one simulation would be an advantage
of SIB-IMRT. Long-term follow-up is needed to see the
differences in the late toxicities.
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