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ABSTRACT

Background Our study evaluated long-term survival outcomes in rectal cancer patients treated with preoperative
radiotherapy, and the impact on survival of concomitant and postoperative adjuvant chemotherapy (cTx), among
other prognostic factors.

Methods The study included 196 patients [median age: 58 years (range: 20-86 years); 63.0% men] with locally
advanced rectal carcinoma and, in some cases, resectable liver metastasis. Rates of distant metastasis and local
recurrence and of 5-year distant metastasis-free survival (bmFs) and overall survival (0s) were determined.

Results The 5-year os rate was 57.0%, with amedian duration of 81.5 months (95% confidence interval: 73.7 months
to 89.4 months), and the 5-year pmFs rate was 54.1%, with amedian duration of 68.4 months (95% confidence interval:
40.4 months to 96.4 months). Prognostic factors for higher os and pmFs rates were downstaging (p = 0.013 and p = 0.005
respectively), radiotherapy dose (50 Gy vs. 56 Gy or 45-46 Gy, both p=0.002), and concomitant ctx use (p =0.004 and
p=0.001) and type (5-fluorouracil-leucovorin—folinic acid vs. tegafur—folinic acid, p = 0.034 and p = 0.043). Adjuvant
ctx after neoadjuvant long-term concomitant chemoradiotherapy (ccrT) and surgery was associated with better
5-year os rates for postoperative T0-T3 disease (p = 0.003) and disease at all lymph node stages (p = 0.001).

Conclusions Our findings revealed a favourable survival outcome with long-term fractionated irradiation and
concomitant 5-fluorouracil-based cTx, achieving 5-year os and bmFs rates of 57.0% and 54.1% respectively. Preoperative
administration of radiotherapy (50 Gy) and postoperative adjuvant cTx were associated with a significant survival
benefit. Radiation doses above 50 Gy and the interval between ccrt and surgery had no significant effect on survival.

Curr Oncol. 2017 Feb;24(1):e24-e34

Key Words Rectal cancer, preoperative chemoradiotherapy, survival, prognostic factors

www.current-oncology.com

INTRODUCTION

Rectal cancer is the 3rd most common malignancy world-
wide and amajor cause of cancer-related death in the devel-
oped world"?. According to 2007-2008 data from 12 cancer
centresin Turkey, the incidence of colorectal cancersis 7.8%
in women and 7.5% in men, respectively representing the
3rd and 4th most common types of cancer3.

In view of high rates of local recurrence and poor sur-
vivalinrectal cancer patients even after curative resection
(40%-55% at 5 years), multimodal therapeutic options have
gained importance to provide the optimum sequence and
combination of radiotherapy (rt), chemotherapy (crx),
and surgery*>,

Guidelines from the U.S. National Comprehensive Can-
cer Network recommend preoperative pelvic rT at a dose of

50.4 Gyin28fractions, with concurrent 5-fluorouracil (ru)-
based cTx for 6 weeks, as a standard concomitant chemora-
diotherapy (ccrt) regimen for stages 11 and 11 rectal cancer®.

The newer-generation chemotherapeutics such as
capecitabine, S-1, oxaliplatin, and irinotecan have also been
suggested to further enhance the disease control rate and to
improve survival in patients with advanced colorectal can-
cer’. However, in a limited number of large-scale clinical
trials, those agents have been associated with possible risks
of acute and late toxicities”®.

Since 2007, legislation for health care in Turkey has
prohibited the use of UFT-FA regimens [combination
chemotherapy with the oral ru prodrug tegafur (urr), and
folinic acid (ra)], while allowing for the use of intravenous
FU and Fa for preoperative ccrt in patients with locally
advanced rectal cancer.
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For about 10 years now in our clinic, preoperative CCRT
has been implemented in selected patients with locally
advanced rectal cancer. We therefore set out to evaluate
long-term outcomes in rectal cancer patients treated with
preoperative RT and the effect of concomitant cTx and
postoperative adjuvant cTx, together with other prognostic
factors, on survival.

METHODS

Our retrospective study included 196 consecutive pa-
tients [median age: 58 years (range: 20-86 years); 63.0%
men] with locally advanced (T3/4) or any radiologically
pelvic node—positive rectal carcinoma with or without
resectable liver metastasis who were treated with various
doses of preoperative RT in our department between 2004
and 2012. Patients with disseminated multiple metas-
tases and unresectable liver metastasis were excluded
from the study. Additional treatment options (based on
records in the hospital database) included concomitant
FU-based cTX, curative resection, and postoperative
adjuvant cTx.

Permission for the use of patient data for publi-
cation purposes was obtained from our institutional
ethics committee.

Assessments

Abdominopelvic magnetic resonance and computed
tomography imaging were performed in all patients;
endoscopic ultrasonography or phase-array magnetic res-
onanceimaging was applied only ifrequired for preoper-
ative staging. Anyidentifiable lymph nodes were recorded
as N1. Histopathologic parameters were evaluated in each
patient. Operability after neoadjuvant therapy, rates of
distant metastasis and local recurrence, 5-year distant
metastasis—free survival (pMFs) and overall survival (0s)
were determined postoperatively. The prognostic factors
evaluated were staging, lymphovascular invasion, peri-
neural invasion, rRT dose, course of neoadjuvant CCRrT,
interval from ccrrt to surgery, and adjuvant crx. Survival
outcomes and RT doses were also analyzed with respect
to RT device.

Standard Treatment Protocol

For patients of advanced age with high comorbidity and
for patients with resectable liver metastasis, the treatment
protocol consisted of rT (5500 cGy), followed by surgery
(after 7-10 days on average), and postoperative cTx (pref-
erably oxaliplatin-based, depending on performance status
and age).

For patients with either or both of advanced T3/4 or
lymph node—positive disease who gave consent, concomi-
tant cTx (5-day intravenous bolus Fu-ra on weeks 1 and 5 of
RT or oral UFT-FA onirradiation days throughout treatment)
was followed by a 4- to 6-week interval between last day
of rT and surgery. Postoperative ctx was then initiated,
preferably within 4-6 weeks. The cTx regimen was chosen
based on the pathologyreport (oxaliplatin-based regimens
inlymph node—positive cases; and consistent with the type
of preoperative cTx, FU-FA or UFT in lymph node-negative
cases, even for patients with complete tumour response).

Adjuvant ctx was not applied in patients who were admit-
ted after the 6th postoperative month or who did not give
consent for treatment.

RT

During 2004-2007, conventional two-dimensional (2D)
pelvic Rt was given using °Co (Alcyon II: General Electric,
Milwaukee, WI, U.S.A.) or the Saturn 41 Linear Accelerator
(General Electric, Buc, France) and an anteroposterior or
3- or4-field technique. Startingin 2007, three-dimensional
(3D) conformal pelvic rr withlinear accelerators was given
[Onco Impression (Siemens Healthineers, Erlangen, Ger-
many) with the XiO planning system (Elekta, Stockholm,
Sweden), or Clinac DHX with the Eclipse planning system
(Varian Medical Systems, Palo Alto, CA, U.S.A.)]. Pelvic RT
was delivered at a dose of 50-50.4 Gy in 25-28 fractions,
45-46 Gy in 23-25 fractions, or 56 Gy (50 Gy plus 6 Gy boost)
in 28-31 fractions. In patients treated with 2D systems,
boost doses to the tumour site in the rectum were imple-
mented with anteroposterior fields; in 3D systems, boost
doses were implemented to the gross tumour volume, with
1 cm margins. In patients with low performance status
or resectable liver metastasis, short-term Rt (25 Gy in 5
fractions) was given. A few patients received 39 Gy in 13
fractions because of their performance status.

Concomitant CTx with Irradiation

Most patients received crtx either in the form of Fu-ra [Fu
350-400 mg/m? daily, and rFa 20 mg/m? as abolus at weeks 1
and 5 of irradiation; or UFT-FA (tegafur 300 mg/m? daily
in 2 divided doses with ra 15 mg tablet, 2 times daily) on
irradiation days.

Adjuvant CTx

After long-term neoadjuvant ccrt and curative resection,
patients with any postoperative tumour stage and nega-
tive lymph node involvement received 4-6 cycles of FU-Fa
or UFT-FA depending on their initial concomitant crx.
Patients with positive lymph node involvement received
an oxaliplatin-based adjuvant crx regimen [either XELOX
(oxaliplatin 130 mg/m? on day 1, followed by oral capecit-
abine 1000-1200 mg/m? twice daily for days 1-14 every 3
weeks) or FOLFOX4 (oxaliplatin 85 mg/m? on day 1, followed
byleucovorin 200 mg/m? by intravenous infusion on day 1
and ru 400 mg/m? by intravenous bolus given over 2-4
minutes, followed by Fu 600 mg/m?2 by 22-hour continuous
intravenous infusion on days 1 and 2 every 2 weeks for a
total of 12 cycles)].

Statistical Analysis

The statistical analysis was conducted using the MedCalc
software application (version 12.7.7: MedCalc Software,
Ostend, Belgium). Chi-square and Fisher exact tests were
used to analyze categorical data. Numerical data were
analyzed using the Student t-test and Mann-Whitney
U-test for normally and non-normally distributed variables
respectively. The survival analysis used the Kaplan—-Meier
method, and the log-rank test was used for comparisons.
Data are expressed as mean + standard error of the mean,
medians with ranges, and percentages as appropriate.
Statistical significant was accepted at p < 0.05.
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RESULTS

Patient Demographics and Histopathologic

Tumour Characteristics

Table 1 shows the characteristics of the patient cohort.
Preoperative evaluation showed that tumours werelocated
mostly at the distal rectum (35.0%) and were identified as
T3 (75.0%) and N1 (51.0%) tumours.

Radiotherapy treatment was given using 2D sys-
tems in 93 patients (47.4%) and using 3D conformal rRT
103 patients (52.6%). An anteroposterior technique was
used in 34 patients (17.3%) and a 4-field box technique in
162 patients (82.7%). Pelvic rT was delivered at a dose of
50-50.4 Gy in 41.0% of patients and at 50 Gy plus a 6 Gy
boost dose in 35.0% of patients. Concomitant cTx was
given before surgery in 85% of the patients, mostly using

Excluding inoperable cases

TABLEI Patient demographics and tumour histopathologic characteristics

FU-FA 117 (59.7)
UFT-FA (oral) 38 (19.4)
None 24 (12.2)
Excluding patients treated with
hypofractionated radiotherapy
FU-FA 114 (58.2)
UFT-FA (oral) 38 (19.4)
None 11 (5.6)
Operation type [n (%)]
Miles 66 (36.9)
Low anterior resection 113 (63.1)
Postoperative T stage [n (%)]
Complete response 23 (13.0)
T1 focal 18 (10.0)
T2 35 (20.0)
T3 93 (51.0)
T4 10 (6.0)
Postoperative N stage [n (%)]
NO 107 (54.5)
N1 39 (19.9)
N2 33 (16.8)
Adjuvant chemotherapy (n=125)
FU-FA 70 (57.0)
XELOX 15(12.4)
UFT-FA (oral) 10 (8.3)
FOLFOX 30 (22.3)

FU = 5-fluorouracil (350-400 mg/m? daily); FA = leucovorin-folinic acid
(20 mg/m?) as a bolus at 1st and 5th weeks of irradiation; UFT = a fixed
combination of the oral FU prodrug tegafur and folinic acid 300 mg/
m? daily in two divided doses; XELOX = capecitabine-oxaliplatin;
FOLFOX = oxaliplatin-FUfolinic acid.

FU-FA regimens (65.0%). Low anterior resection was the
most common type of surgery (58.2%), followed by the
Miles procedure (32.6%).

Postoperative evaluation reported T3 (51.0%) and
NO (54.5%) tumours in just more than half the patients.
Adjuvant cTx using Fu-Fa (57.0%) and FOLFOX (22.3%) was
given after neoadjuvant ccrr and surgery in 125 of the 179
operated patients (69.8%, Table 1).

Differentiation was noted to be intermediate in most
patients (n=120), with smaller numbers having poorly dif-
ferentiated (n=30) or well-differentiated (7 =21) tumours.
No significant differences in terms of histologic grade were
observed (data not shown).

Baseline Characteristics by RT Dose and Device
Apart from a significantly lower percentage of female
patients receiving therapy by 2D Co6° than by 2D and 3D
linear accelerator (p = 0.02), and a significantly higher
percentage of T4 tumours being treated with a 46 Gy
dose than with a 50 Gy dose of RT (p = 0.04), no significant
differences were evident in patient demographics or base-
line tumour T and N stages with respect to RT dose and type
of Rt device used (Table 11).

Variable Value
Age (years)
Median 58
Range 20-86
Sex [n (%)]
Women 73 (37.0)
Men 123 (63.0)
Localization [n (%)]
Distal rectum 69 (35.0)
Middle third 46 (23.0)
Proximal third 49 (25.0)
Whole rectum 32(17.0)
Preoperative T stage [n (%)]
T2 22 (11.0)
T3 147 (75.0)
T4 27 (14.0)
Preoperative N stage [n (%)])
NO 96 (49.0)
N1 100 (51.0)
Radiotherapy device [n (%)])
2D (°°Co or linear accelerator) 93 (47.4)
3D (Siemens or Varian) 103 (52.6)
Radiotherapy dose [n (%)]
5x500 cGy 16 (10.0)
50 Gy 82 (41.0)
50 Gy plus 6 Gy boost 68 (35.0)
46 Gy 22 (10.0)
13x300 cGy 4 (2.0)
<45 Gy 4(2.0)
Concomitant chemotherapy [n (%)]
Overall
FU-FA 126 (64.3)
UFT-FA (oral) 40 (20.4)
None 30 (15.3)
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Survival Analysis in the Overall Study Population 33 2 8 8 3
Overall, the median os duration was 81.5 months (95% con- = S 8 § s g2 =
fidence interval: 73.7 months to 89.4 months), and the pmEs S NN : s =
duration was 68.4 months (95% confidence interval: 40.4 - N2 9 © &
months to 96.4 months). Median os duration for patients
who received long-course ccrr (n = 165), excluding those o PN
with inoperable tumours and those receiving hypofrac- _ g 33 ot =
tionated rt, was 110.8 months overall, 73.8 months for T3 z n 22 S )
o @ o o 1 —
tumours, and 24.2 months for T4 tumours (95% confidence o oo S 0= g
interval: 0.0 months to 54.3 months). For patients whose tu- & = $
mours were located in the distal rectum and who received z & &
long-course ccrt (n = 58), median os duration was 110.8 - g ; o o2 2
months for T2 and 9.7 months for T4 tumours. z g % E 2’ i ?
el <t o —
Prognostic Factors for OS Duration
Analysis of survival time by dose of rT, with the exclusion of
patients receiving hypofractionated rt (log-rank p=0.002), —~ = =
revealed a higher os duration for patients receiving 50 Gy < 24 = 2 4 I
compared with 56 Gy or 45-46 Gy [p < 0.001, Figure 1(A)]. = g -3 Lj:’ = %
A significant difference in survival time was noted - =
depending on the type of concomitant crx, with a longer
osduration being observed in patients receiving Fu-ra than ~ ~ = . = = = .
. .. . @ N = S ORO
in those receiving UFT-FA [p = 0.045, Figure 1(B)]. = EP o RIS g =N g
Median os duration was significantly longer in patients &2 o © — 1 ® = = 1
receiving than not receiving postoperative adjuvant cTx = - Lo
(110.7 months vs. 31.1 months, p = 0.0005, Figure 2). %
] n © O O =
Prognostic Factors for 5-Year DMFS and OS g & g4 o S T 28
In the overall study population, the 5-year os rate was - Z S o oo o
57.0%, and the DmFs rate was 54.1%. Considering prognos- g v ” -
tic factors, downstaging was positive in 46.9% of patients, -
lymphovascular invasion was negative in 55.3%, and §
perineural invasion was negative in 50.3%. 2 a7 a3 )
Presence of downstaging was associated with a sig- 3 5 S a3 BB
nificantly higher os rate (71.7% vs. 53.8%, p = 0.013) and z = T =% e 9o
DMFs rate (71.6% vs. 51.1%, p = 0.005). Lack of perineural § >< é a
invasion was associated with a significantly higher pmrs 3 A < T
rate (76.4% vs. 50.7%, p = 0.029, Table 11). T < R8> Raes o
Compared with T1-3 tumours, T4 tumours were associ- =z £ o g3 s < 3
ated with significantly lower os rates (preoperative p = 0.040 4 3 N g RN
and postoperative p = 0.042) and pmFs rates (p = 0.010 and 3
p =0.015 respectively). The 5-year os and DMFs rates were ig
significantly lower for postoperative N2 tumours (each g
p =0.0005) than for NO-1 tumours (Table 111). S £ s © @ G
Compared with other long-term Rt doses, a dose of 3 i 833 S
50 Gy was associated with a significantly higher os rate E 18 + D5 . D = & 5
(77.2%) and DMEs rate (77.2%, p = 0.002, Table 11). I Y N &
The 5-year os and pmrs rates were significantly higher TE) < ‘i 'O:'L o
in patients who received concomitant ctx than in those 8 § E § g i ?j g %j
who did not (p =0.004 and p = 0.001 respectively). Survival = ; N T B 5 1 I §
rates were noted to be better with Fu-ra than with UFT-FA © e a2 5@ =3
regimens (0s: 71.1% vs. 50.0%, p = 0.034; pmFs: 72.8% Vs. £ %
50.0%, p = 0.043; Table 111). % - = B
Whether a 2D Co8?, 2D linear accelerator, or 3D linear éo o~ e £ 2
accelerator system was used, 5-year 0s rates and DMFS g g g %5 2
rates were similar (os: 54.2%, 50.1%, and 57.5% respec- = ::: j‘j § ° 3
tively, p = 0.28; pmFs: 52.7%, 43.2%, and 61.7% respectively, % 5.8 _ g g S
p=0.28), despite the use of significantly different radiation =183 S 2 5 o b
doses: 45-46 Gy [27.0% (n = 6) for 2D Co0°°, 18.0% (n = 4) = E 9 “\’D/ = g g g g j:E
for 2D linear accelerator, and 55.0% (n = 12) for 3D linear 2 S 8 8 @ T i
accelerator], 50 Gy [6.0% (n =5), 12.0% (n=10), and 82.0% = S QO .
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(n=67)],and 56 Gy [7.0% (n=5), 81.0% (n =55), and 12.0%
(n=8)], p<0.001.

Postoperative Adjuvant CTx and Survival

Use of adjuvant ctx after neoadjuvant long-term ccrT and
surgery was associated with better 5-year os rates for all
postoperative T stages (apart from T4) and also for all
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FIGURE 1 Kaplan—-Meier survival curves for overall survival with
(A) conventionally fractionated irradiation [50 Gy, 50 Gy plus 6 Gy
boost, and 46 Gy (excludes hypofractionated radiotherapy)], log-
rank p = 0.002; and (B) concomitant chemotherapy (broken line:
5-fluorouracil-leucovorin—folinic acid; solid line: tegafur—folinic acid),
log-rank p = 0.04.

postoperative lymph node stages. The survival benefit
obtained with adjuvant crx was particularly remarkable for
patients postoperatively staged T2 (73.6% vs. 56.1% without
ctx) and T3 (69.3% vs. 17.9% without cTx, p = 0.0005) and
even in patients postoperatively staged as NO (77.2% vs.
52.3% without cTx, p = 0.0005, Table 1v).

Operability After Neoadjuvant Treatment
Given that tumours in 17 patients (8.7%) were determined
to be inoperable, 179 patients (91.3%) underwent surgery.
Of those 179 patients, 99 (55.3%) received 6 weeks of CCRT,
ending within 4-6 weeks of surgery in 59 patients (33.0%)
and ending 4 weeks before surgery in 21 patients (11.7%).
A median 45-day interval (range: 22-339 days) was noted
between the last day of ccrr and surgery. No difference
in the duration of bMFs was observed with respect to the
interval from ccrr to surgery (log-rank p = 0.652, Figure 3).
Distant metastasis, mostly to liver (11.6%), was noted
in 19.6% of the patients;local recurrence was noted in 3.6%
of patients.

DISCUSSION

Our findings reveal that concomitant cTx (85.0%) and
postoperative adjuvant cTx (69.8%) were given in most of
our rectal cancer patients. Rates for 5-year os, bmFs, dis-
tant metastasis, and local recurrence were 57.0%, 54.1%,
19.6%, and 3.6% respectively. Median os duration extended
to 110.8 months in operable patients and in patients with
a tumour of the distal rectum, particularly for tumours
staged T2 or lower. The 5-year os and DMFs rates were
significantly higher in patients with rather than without
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FIGURE 2 Survival probability for patients receiving (broken line) and
not receiving (solid line) adjuvant chemotherapy, log-rank p = 0.001.
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TABLE Il Prognostic factors for 5-year rates of distant metastasis—free (DMFS) and overall survival (OS)
Factor Patients (0} DMFS
(n of 196)
(%) p Value? (%) p Value?
Downstaging
Positive 84 71.7 0.013 71.6 0.0050
Negative 95 53.8 51.1
Lymphovascular invasion
Positive 110 59.8 0.853 59.2 0.711
Negative 63 62.1 62
Perineural invasion
Positive 71 53 0.054 50.7 0.029
Negative 100 78.33 76.4
Radiotherapy doseP
46 Gy 22 56.4 0.002 56.3 0.002
50 Gy 82 77.2 77.2
56 Gy 68 49.7 49.3
Preoperative T stage
T2 22 57.9 0.040 59.1 0.010
T3 147 61.7 61.4
T4 27 33.4 32.9
Postoperative T stage
Complete response 23 62.0 0.042 62.0 0.015
T1-T2 52 72.2 72.4
T3 93 61 58.5
T4 11 25.5 26.9
Postoperative nodal stage
NO 107 69.5 0.0005 69.7 0.0005
N1 39 67.3 63.8
N2 33 28.5 25.9
Concomitant chemotherapy
Overall
FU-FA 126 65.9 0.004 67.7 0.001
UFT-FA 40 49.6 49.6
None 30 35.7 29.9)
Exclusions applied®
FU-FA 114 71.1 0.034 72.8 0.043
UFT-FA 38 50.0 50.0

2 By log-rank test; significant values shown in boldface type.
b Based on conventional fractionated radiation therapy.

¢ Excludes patients with inoperative tumours and those who received hypofractionated radiotherapy.
FU = 5-fluorouracil (350-400 mg/m? daily); FA = leucovorin—folinic acid (20 mg/m?) as a bolus at Tst and 5th weeks of irradiation; UFT = a fixed
combination of the oral FU prodrug tegafur and fluoropyrimidine 300 mg/m? daily in two divided doses.

TN downstaging, in patients receiving a RT dose of 50 Gy
rather than 56 Gy, and in patients receiving rather than
not receiving concomitant ctx. Patients postoperatively
staged T0-3 or those of any lymph node stage who received
adjuvant crx after neoadjuvantlong-term ccrr and surgery
experienced better survival. A radiation dose exceeding
50 Gy and the interval between ccrT and surgery had no
significant effect on survival.

An interval longer than 6-8 weeks between preoper-
ative irradiation and curative surgery has been suggested

to provide increased tumour downstaging with no det-
rimental effect'?, together with an increased response
rate to radiation, and thus a chance to undergo radical
surgery'"12, In a meta-analysis of 3584 patients, an interval
longer than the conventional 6-8 weeks was reported to
be associated with more pathologic complete responses
(relative risk: 1.42; an absolute increase to 20% from
14%)'3. Notably, with a median 45-day interval between
preoperative ccrT and surgery, our findings indicate that
prolongation of surgery beyond 6 weeks after ccrt had no
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TABLE IV 5-Year rates of overall survival (OS) in patients receiving
and not receiving adjuvant chemotherapy, by postoperative staging

Variable Adjuvant chemotherapy
Yes (n=125) No (n=54)
Ps  OS Ps  OS
(n) (%) (n) (%)
Postoperative T stage
Complete response 11 90.9 12 41.0
Focal T1 12 83.3 6 80.0
T2 22 73.6 13 56.1
T3 75 69.3 18 17.9
T4 5 20.0 5 30.0
p=0.0005b
Postoperative lymph node stage
NO 74 77.2 33 52.3
N1 29 75.8 10 15.2
N2 22 38.7 11 11.4
p=0.0005%¢

2 By Mantel-Cox log-rank test.

b Adjusted for postoperative tumour stage.
¢ Adjusted for postoperative nodal stage.
Pts = patients.

significant effect on survival or tumour response. Similarly,
in astudy conducted with 1593 patients attending 92 Dutch
hospitals who underwent preoperative ccrrt, the highest
chance of pathologic complete response was noted when
theinterval between ccrT and surgery was about 11 weeks,
withno apparentfurtherincrease being noted beyond that
time'4. Prolongation of the interval to 6-8 weeks or more
from 4-6 weeks to improve rates of local control or survival
has been considered not to be reasonable in tumours con-
sidered upfront to be resectable!®.

The rate of local tumour downstaging through
preoperative short-course RT followed by capecitabine,
oxaliplatin, and bevacizumab and delayed surgery was
reported to be 47.0% in rectal cancer patients!®. Also, de-
livery of radiation at a dose of 33 Gy in 10 fractions to the
pelvis for 2 weeks before curative surgery was reported
to be associated with a local tumour downstaging rate
of 33.8%'2. In the present study, downstaging achieved
using 6-week conventionally fractionated irradiation
together with rFu-based cTx seems to agree with earlier
studies aimed at applying short-course irradiation with
newer chemotherapeutics, while not supporting the sur-
vival benefit associated with prolongation of the interval
between ccrT and surgery'?16-18,

Pathologic T and N stage, lymphatic invasion, and
extent of tumour regression were reported to significantly
predict disease-free survival (DFs) and DMFEs in rectal
cancer patients!?2%, and the presence of positive nodes
after surgerywas associated with poor prs?!. Similarly, our
findings revealed that preoperative T stage, postoperative
TN stage, and TN downstaging are among the prognostic
factors associated with survival benefit in terms of longer
os duration and higher os and pDMFs rates.
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--"74-6 weeks
—I1>6 weeks

100,0

80,01 i

60,01

40,0
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Disease Free Survival (Month)
FIGURE 3 Kaplan-Meier survival curves for distant metastasis-free

survival, by interval in weeks between chemoradiotherapy and surgery,
log-rank p = 0.652.

Perineural invasion has been considered to be highly
predictive of long-term outcome, with an effect on adjuvant
decision-makinginrectal cancer patients?>23. Notably, the
rate of perineural invasion in our cohort (35.7%) seems
slightly higher than has been seen in other series?>2% and
was also associated with a lower rate of DmMFs.

That 5-year os and pmFrs were achieved in more than
half the patients in our cohort with the use of conven-
tionally fractionated ccrt supports the likelihood that
neoadjuvant ccrr is associated with improved rates of
locoregional control and prs'924-27,

Considering the patients in our cohort who received
long-term RT, the os duration waslonger overall in operable
patients with tumours staged T2 than in those staged T4
(110.8 months vs. 24.2 months) and also in patients with
tumours located in the distal rectum (110.8 months vs.
9.7 months for tumours in other locations). Nonetheless,
T downstaging as a correlate of pathologic response to neo-
adjuvant ccrr could be jeopardized, given that a tumour
with slight regression might be downstaged from T3 to
T2, but a that tumour showing a good response with only
microscopic foci of tumour cells in the subserosa might
still be staged T322.

Compared with patients not receiving adjuvant crx,
thosein our cohort who did receive cTx experienced a better
survival rate in all postoperative T-stage groups (0-3) and
alllymph node stage groups. Similarly, data from a pooled
analysis of five randomized studies revealed an association
of postoperative ctx with or without postoperative rT with
a20% absolute survival benefit compared with observation
or postoperative rRT alone?®. Also, even when including
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patients of all stages receiving all treatment modalities
with or without RT or ccrr, rectal cancer patients showed
a significant gain in os when treated with single-agent
FU as adjuvant crx (hazard ratio: 0.83), as reported in a
Cochrane review?’.

Nonetheless, the efficacy of adjuvant cTx after neoad-
juvantlong-term ccrT and surgery is not well documented
and remains controversial®30-38, Most available data do
not support the routine use of adjuvant ctx for patients
who have received preoperative ccrt, and there is a con-
troversy about whether patients with a good response to
ccrt would benefit from adjuvant ctx3°. In past studies, no
benefit of adjuvant crx has been suggested for patients with
ypNO rectal cancer—especially for those with ypT0-2NO0
disease’-33. And no clarity has yet been achieved about
whether patients with ypN+ or ypT3-4N0 disease char-
acterized by a poor response to preoperative ccrt would
benefit from adjuvant cTx®3435,

In a meta-analysis of randomized trials involving
rectal cancer patients, surgery with or without fluoropy-
rimidine was compared with surgery plus fluoropyrim-
idine with or without oxaliplatin. The authors reported
that, in two of the four randomized trials analyzed, a
significantly higher prs rate was associated with adjuvant
FU plus oxaliplatin than with adjuvant ru only; and after
a pooled analysis, the authors concluded that the use of
postoperative adjuvant cTx in patients with rectal cancer
receiving preoperative RT or CCRT was not based on strong
scientific evidence®S.

Nonetheless, in a recent phase 111 cA0/AR0/AT10-04
trial, a significantly improved DFs rate was reported with
the addition of oxaliplatin to postoperative adjuvant cTx
in 445 rectal cancer patients with clinical stage cT3-4 or
cN1-2 tumours?®. Also, findings from the phase i random-
ized ADORE trial, conducted in 321 rectal cancer patients
with pathologic TNM stage 11 or 111 disease, revealed a
significant improvement in 3-year prs with use of the
FOLFOX regimen (fluorouracil-leucovorin—-oxaliplatin)
compared with fluoropyrimidines alone after ccrt and
surgery, only in pN+ patients®”. Thus, the authors em-
phasized the potential benefit of adding oxaliplatin to
adjuvant cTx in patients with disease less responsive to
fluoropyrimidine-based ccrr®”.

In another trial in 110 rectal cancer patients who
were preoperatively treated with long-course Rt plus
concurrent fluoropyrimidines, the use of postopera-
tive adjuvant ctx was based on a risk-adapted strategy,
with administration of fluoropyrimidines alone in the
good-prognosis group (postoperative downstaging to
pT0-2N0) and administration of an oxaliplatin-based
combination in the postoperative poor-prognosis group
(pT3-4 or N+). Results revealed high 5-year DFs rates
(79.4% and 66.3% respectively)38.

Based on better 5-year survival rates for patients in our
cohort treated with adjuvant crx after neoadjuvant long-
term ccrT and surgery at all postoperative T0-3 stages and
even in the NO stage, our findings emphasize the further
benefit and feasibility of adjuvant crx even in patients with
a good response to preoperative cCRT38-41,

Thelocalrecurrencerate in our cohort (3.6%) isinline
with theidea thatanyimprovementin os willrequire better

control of systemic disease while holding the rate of local
recurrence below 5%-10%°. However, given that distant
metastasis was noted in 19.6% of our patients, mostly to
liver (11.6%), our findings support consideration of more
intensive adjuvant treatment, such as crx for high-risk
patients after preoperative ccrt and radical surgery, to
achieve better disease control and to improve 0s*2.

Comparison of various schedules of RT and ccrr in
terms of extension and dose used in past studies revealed
no significant difference in long-course preoperative RT
doses of 46 Gy and 50 Gy*?, short- or long-course CCRT
schedules*4, or long-course preoperative Rt at 45 Gy plus
capecitabine compared with an intensified neoadjuvant
ccrt schedule using 50 Gy plus capecitabine and oxalipla-
tin*®. In our series, we preferred to choose short-course
treatment based on the performance status of the patients
rather than age. We treated 10 patients more than 80 years
of age, with 3 of them receiving 5x500 cGy, 2 receiving
13x300 cGy, and 5 receiving conventional doses of 46-56 Gy.
Although the present study is not arandomized controlled
trial, agood number of our patients (n = 68) received 50 Gy
plus a 6 Gy boost. However, in contrast to the documented
role of an extra dose of RT in counteracting accelerated
tumour repopulation in the case of a long course of con-
ventionally fractionated rT*6*7, a dose of 50 Gy seemed to
have the best outcome in our cohort.

Despite there being no significant difference in terms
of distribution of T and N stages and patient demographics
between the groups receiving Rt doses of 50 Gy versus 56 Gy
and 46 Gy versus 56 Gy, a dose of 50 Gy (compared with
56 Gy) was associated with a significant survival benefitin
our cohort. No significant difference was noted between
56 Gy and other rT doses with respect torates of distant me-
tastasis and downstaging in the postoperative follow-up.
It should also be noted that technology differences had no
effect on survivalin our cohort: similar oncologic outcomes
were noted for 2D and 3D treatment systems despite the
higher frequency of 56 Gy doses in patients treated using
2D systems. Hence, the low survival rate associated with
56 Gy doses compared with 50 Gy doses in our cohort
seems not to be a result of differences in Rt device, distant
metastasis, or downstaging rate. That finding emphasizes
the need for larger-scale randomized trials to address the
survival benefit associated with rT doses exceeding 50 Gy
in rectal cancer patients.

Given the inconsistent findings from studies consid-
ering concurrent administration of oxaliplatin or alterna-
tive biologic agents and r1*8, approaches for appropriate
integration of more effective therapies into combined-
modality programs to enhance disease control and treat-
ment response are still under investigation’.

A conventional 6-week course of preoperative RT
concomitant with a Fu-FA or UFT-FA cTX regimen had
favourable outcomesin our cohortin terms of downstaging
and survival rates, with no benefit to the os rate of using
a higher radiation dose. However, prudence must be used
when interpreting those results, given that new-generation
agents such as capecitabine or oxaliplatin could not be
used in our cohort on account of current legislation for
health care in Turkey, which has prohibited the use of
UFT-FA regimens since 2007, while allowing for the use of
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intravenous Fu and A for preoperative ccrt in patients
with locally advanced rectal cancer.

Temporal sequencing of treatment modalities, inte-
gration of rRT and crx, and radiation dose fractionation
have been indicated as part of the main focus in develop-
ing new therapeutic strategies to improve local tumour
control and os benefit*®. In that regard, our findings indi-
cate longer os with use of neoadjuvant ccrr regardless of
a higher dose of radiation or a longer interval from ccrr
to surgery, together with the survival benefit obtained by
the use of adjuvant cTx after neoadjuvant long-term ccrT
and surgery in locally advanced rectal carcinoma.

Certain limitations to the present study should be
considered. First, because of the retrospective single-
centre design, establishing temporality between cause
and effect and also generalizing our findings to the overall
patient population seems difficult. Second, although no
significant difference in terms of T or N stage and patient
characteristics was evident between patients treated
with 50 Gy and those treated with 56 Gy, most patients
receiving an external radiation boost had 2D treatment
planning (60 of 68). However, although the use of 2D and
3D treatment systems showed significant differences with
respect to the radiation doses, survival outcomes were
similar. Nonetheless, it seems reasonable not to exceed
50 Gy during treatment (such as in 2D systems) given
potential limitations about the identification of dose to
high-risk organs and the precision of tumour targeting.
However, well-designed randomized trials for advanced
techniques (intensity-modulated rr, for instance) using
boost irradiation are needed to assess the survival ben-
efit of radiation doses exceeding 50 Gy in rectal cancer
patients and to exclude the likelihood of overtreatment.
Despite those limitations, our findings provide data on
long-term outcomes in rectal cancer patients who suc-
cessfully complete planned treatment schedules and
contribute to the literature on this topic.

CONCLUSIONS

Our findings in a single-centre cohort of rectal cancer pa-
tients revealed favourable survival outcomes, with 5-year
os and DMFs rates of 57.0% and 54.1% respectively, after a
6-week schedule of conventionally fractionated irradiation
with concomitant rFu-based cTx. Use of a 50 Gy dose of rT
preoperatively and administration of postoperative adjuvant
crx were associated with a significant survival benefit, and
neither the use of aradiation dose higher than 50 Gy nor the
interval between ccrT and surgery had a significant effect on
survival. Given the observed survival benefit, our findings
seem to suggest that, to achieve better disease control, con-
sideration be given to using adjuvant ctx for patients at any
postoperative stage after neoadjuvant long-term ccrr and
curative resection. Future larger-scale randomized trials of
newer-generation agents and boostirradiation are needed to
provide data about tumour response, toxicity, and survival,
and thus more convenient administration of ctx and Rt.
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