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Summary

Background: Preoperative radiotherapy is considered to be standard treatment for locally ad-
vanced rectal cancer. The timing and dosage of radiotherapy with or without preoperative
chemotherapy remain controversial issues. The objective of this study was to evaluate rele-
vant clinical outcomes of two preoperative radiotherapy regimens - the short-course and
long-course radiotherapy with or without chemotherapy for patients with locally advanced
rectal cancer. Patients and Methods: 151 patients with stage II-lll rectal cancer (103 males and
48 females) treated with preoperative radiotherapy between 01/1999 and 01/2008 were in-
volved in this study. Analysed patterns included sphincter preservation, tumor downstaging,
pathological complete remission, frequency of local recurrence, acute and late toxicity, peri-
operative complications, overall survival and disease-free survival. Results: Tumor downstaging
has been achieved by long-course radiotherapy alone (46%) or in combination with chemo-
therapy (5-FU or capecitabine, 61%). Pathological complete remission has also been achieved
only in the group with long-course radiotherapy (13%). Long-course radiotherapy combined
with chemotherapy significantly decreased post treatment local recurrence rates (5% versus
15% in the group after long-course radiotherapy alone, p = 0.0132). Statistically significant
difference was confirmed in overall survival of patients treated with long-course radiotherapy
combined with chemotherapy vs long-course radiotherapy alone (p = 0.015). Significant diffe-
rence between the rate of perioperative complications, of acute and late toxicity, 3 and 5 years
disease-free survival of treated patients after short-course radiotherapy and long-course radio-
therapy was not confirmed. Conclusion: Our findings provide convincing evidence that in com-
parison to preoperative short-course radiotherapy, the preoperative long-course radiotherapy
in combination with chemotherapy is the most effective treatment modality for patients with
operable locally advanced rectal cancer in terms downstaging and pathologic complete res-
ponse. Increase in overall survival time as well as lower local recurrence rate makes this moda-
lity superior to other preoperative radiotherapy alternatives.
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PREOPERATIVE RADIOTHERAPY OF LOCALLY ADVANCED RECTAL CANCER

Suhrn

Vychodiskd: V sucasnosti sa predoperacnd radioterapia povazuje za Standardnu lie¢bu lokdlne pokrocilého karcinému rekta. Spravne nacaso-
vanie a davkovanie radioterapie s alebo bez chemoterapie zostava sporné. Cielom tejto studie je zhodnotit prislusné klinické vysledky dvoch
predoperacnych radioterapeutickych rezimov, krdtkodobej a dlhodobej rddioterapie s alebo bez chemoterapie u pacientov s lokédlne pokroci-
lym karcinémom rekta. Pacienti a metédy: Do $tudie bolo zaradenych 151 pacientov s karcinémom rekta v Il. a lll. stadiu (103 muzov a 48 Zien),
ktori boli lieceni predopera¢nou radioterapiou v ¢ase 1/1999-1/2008. Analyzovalo sa zachovanie zviera¢a, downstaging nddoru a patologicka
kompletna remisia, pocet lokalnych recidiv, akitna a neskora toxicita, periopera¢né komplikacie, celkové a bezrelapsové prezivanie. Vysledky:
Downstaging nadoru sa dosiahol len v pripade dlhodobej radioterapie, pri samotnej v 46 %, pri kombinovanej s chemoterapiou (5-FU alebo
kapecitabin) u 61 % pacientov. Patologicka kompletna remisia sa dosiahla iba v skupine pacientov lie¢enych dlhodobou radioterapiou (13 %).
Dlhodobd rédioterapia s konkomitantnou chemoterapiou vyrazne znizila vyskyt lokalnych recidiv (5 % oproti 15 % v skupine po samotnej
dlhodobej radioterapii, p = 0,0132). Statisticky vyznamny rozdiel sa dosiahol v celkovom prezivani medzi pacientmi, ktori sa lie¢ili dlhodobou
rddioterapiou kombinovanou s chemoterapiou a samotnou dlhodobou réddioterapiou (p = 0,015). Nezistil sa Statisticky vyznamny rozdiel v miere
perioperacnych komplikacii, akitnej a neskorej toxicity, v 3- a 5-ro¢nom celkovom prezivani medzi pacientmi lie¢enymi kratkodobou a dlhodo-
bou radioterapiou. Zdver: Dosiahnuté vysledky poskytuju presvedcivy dokaz o tom, Zze v porovnani s predopera¢nou kratkodobou radioterapiou
je predoperacna dlhodoba radioterapia v kombinacii s chemoterapiou najucinnejsi sposob liecby u pacientov s lokalne pokrocilym operabilnym
karcindmom rekta z hladiska vplyvu na downstaging a dosiahnutie patologickej kompletnej remisie. Zvysenim miery celkového prezivania, ako

aj znizenim miery lokélnych recidiv je tdto metdda vyhodnejsia ako iné spdsoby predoperacnej radioterapie.

Klucové slova
rektum - karciném - radioterapia

Background

Duetoits high rate of incidence and mor-
tality, rectal cancer is currently one of
the most serious problems in industria-
lized countries. In 2007, 675 malignant
tumors of the rectum (C20) were dia-
gnosed in males, which represented the
standardised incidence rates (ASR-W)
19.3/100,000, and 392 in females, which
represented ASR-W 8.0/100,000 [1] in
the Slovak Republic (SR). During the last
decade, treatment of rectal cancer un-
derwent considerable development
from surgical intervention to multimo-
dal therapy [2,3], while surgery remains
the most effective curative method [4].
First, adjuvant postoperative radiothe-
rapy (RT) either alone or in a combina-
tion with chemotherapy has been intro-
duced [5,6]. Second, a most effective and

less toxic neoadjuvant treatment moda-
lity based either on a preoperative short-
-course (SCRT) [7,8] or on a preoperative
long-course (LCRT) combined with che-
motherapy has been shown toreducethe
risk of persistence of the residual disease
after surgery and to preserve sphincter
damage [9,10]. Moreover, preoperative
RT has further advantages in blood sup-
ply preservation, better tumor oxygena-
tion, lower extent of small bowel irradia-
tion, reduced risk of preoperative tumor
spread and local recurrence (LR), in in-
creasing tumor operability and prolon-
ging survival time [2,11-13]. Although
the advantage of preoperative chemo-
radiotherapy in the treatment of locally
advanced rectal cancer has been well
documented, the timing and dosage
of preoperative RT need to be investi-

Tab. 1. Socio-demographic and clinical characteristics of patients.

gated further. The aim of this retrospe-
ctive study was to bring deeper insight
into the clinical outcome of preoperative
SCRT vs LCRT with chemotherapy in the
multimodal treatment of locally advan-
ced rectal cancer.

Patients and Methods

Between January 1999 and January
2008, 265 patients with rectal cancer
were treated in our Institute using the
multimodal preoperative RT with or wi-
thout concomitant chemotherapy. For
the retrospective study, 151 patients
with locally advanced stage Il and Il of
rectal cancer fulfilling the eligibility cri-
teria (no distant metastases, previous
preoperative radiotherapy or radical sur-
gery) were selected. Socio-demographic
and clinical characteristics of patients

TOTAL SCRT LCRT
radiotherapy chemoradiotherapy
male remale male female male female male female
number of patients 103 48 63 33 17 5 23 10
theage ageinterval (years) 29-83 36-84 29-83 36-84 50-80 52-80 49-78 42-72
mean 62 63 61 62 65 70 61 59
median 62 63 61 63 64 75 62 58
stage stagelll 39 9 29 6 5 2 5 1
stage lll 64 39 34 27 12 3 18 9
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Tab. 2. Preoperative radiotherapy treatment according to stage of disease (no of patients).

Stage Substages Stage
1} 1A 11B-C 1 A
SCRT 35/36% 33 2 61/64% 14
LCRT 13/24% 13 0 42/76% 1
LCRT +CT 6 6 0 27 0
LCRT alone 7 7 0 15 1
Total 48 46 2 103 15

LCRT + CT (chemotherapy)

involved into the study are provided in
Tab. 1. The mode of preoperative RT in
relation to stages and substages of rectal
cancer is illustrated in Tab. 2.

The histological features of rectal can-
cer involved tubular, mucinous-produ-
cing, papillary, villous and sigilocellu-
lar adenocarcinoma. Tumor staging and
distance from anal verge were diagno-
sed before treatment by means of digi-
tal, rectoscopic and colonoscopic exami-
nation, by endorectal ultrasound, pelvic
CT scan or MRI to evaluate local tumor
extent and the involvement of meso-
rectal fascia (MRF), chest X-ray, CT scan
of the chest and abdomen to diagnose
the distant metastasis. Stage of tumors
was established according to the TNM
classification. The tumor was localized
in the middle third of the rectum in 42
patients treated with SCRT vs 27 pati-
ents treated with LCRT, and in the lower
third in 39 patients treated with SCRT
vs 23 patients with LCRT. Evaluation of
serum levels of CEA and CA19-9 tumor
markers was performed before treat-
ment; changes in levels related to treat-
ment outcome were tested by regular
check-ups after surgery.

All patients underwent planning CT
in the treatment position (prone with
a full bladder) on the belly board except
for obese patients, patients with stoma
or immobile patients who were in the
supine position. The patients were ir-
radiated on the linear accelerator, Cli-
nac 2100 C/D, Varian, with high energy
X-rays (18MV). The 3D conformal RT was
employed in the treatment of all pa-
tients involved in the analysis. RT plan-
ning was accomplished using a 3-field
technique (posterior beam, right-lateral
beam, left-lateral beam) or 4-field tech-

nique (anterior — posterior beams, right-
lateral beam, left-lateral beam). Target
volumes were defined based on the
known patterns of LR of rectal cancer.
The Gross Tumor Volume (GTV) inclu-
ded all gross tumors seen on the plan-
ning CT scan. The Clinical Target Volume
(CTV) included the primary tumor, the
mesorectal tissue and regional lymph
nodes (perirectal, presacral, internal
iliac). The Planning Target Volume (PTV)
was defined by CTV with edge of
1-2 cm. LCRT radiation treatment was
applied by means of conventional frac-
tionation (1.8-2.0 Gy per day to the total
dose /TD/ of 45-46 Gy). Ninety-six pa-
tients with rectal cancer were treated by
preoperative SCRT (5 x 5.0 Gy per week,
TD: 25 Gy), 55 were treated by preope-
rative LCRT (1.8-2.0 Gy per day to the
TD: 45-46 Gy). Of these, 22 patients re-
ceived LCRT alone, and 33 patients LCRT
combined by concomitant chemothe-
rapy (bolus 5-FU 350 mg/m?/day i.v. with
LV x 5 days during the 15t and 5" weeks
of RT or capecitabine 875 mg/m? BID).
Clinical outcomes of preoperative RT
followed by surgery were analysed and
evaluated in clinical stages Il and Il

The average time of surgery after
preoperative SCRT was 5 days (median
5.9 days, range 1-60 days); by preope-
rative LCRT, it was 42.6 days (median
42 days, range 17-72 days). All patients
underwent radical surgery either with
abdominoperineal resection or sphin-
cter-preservation. Type of surgery after
preoperative treatment was selected
based on difference in tumor stage.
Sphincter preservation was done in
47.3% after LCRT and in 47% after SCRT.
Analysis showed no statistical difference
between LCRT or SCRT and the type of

Substages Total
1B N
43 4 926
38 3
24 3 55
14 0
81 7 151

operation in stages Il and Ill (p = 0.9624)
as well as between LCRT combined
with chemotherapy and LCRT alone
(p=0.1858).

Statistical analysis was done using
SPSS for Windows (the EView software
and Excel 2010 with xlstat). The y? test
was used to compare proportions, and
the Mann-Whitney U test to compare
continuous variables. Survival in treat-
ment arms was calculated by Kaplan-
-Meier estimates.

Results

Clinically relevant downstaging of
rectal cancer was achieved in patients
treated with preoperative LCRT alone or
combined with chemotherapy. On con-
trary, tumor downstaging was not re-
corded in patients treated with preope-
rative SCRT. Downstaging rate by LCRT
either alone (46%) or in a combina-
tion with chemotherapy (61%) showed
no statistically significant difference
(p =0.2689).

Pathological complete response (pCR)
was achieved only in 7 patients (13%)
receiving preoperative LCRT treatment.
On the contrary, no pCR was observed in
patients treated with SCRT. Three years
after SCRT, LR reached 6% in both sta-
ges, after LCRT it was 16% (p = 0.04557,
Tab. 3). The LR after treatment with LCRT
and concomitant chemotherapy was
observed in 2% cases, while after LCRT
alone in 15% (p = 0.001062). Five years
after treatment, the LR rate showed
no significant difference between pre-
operative LCRT (20%) and SCRT (11%,
p = 0.1522). However, statistically sig-
nificant difference of LR frequency was
demonstrated between LCRT with con-
comitant chemotherapy (6%) and LCRT
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Tab. 3. The incidence of local recurrence 3 and 5 years after preoperative treat-
ment followed by surgery (no of patients/%).

After 3 years After 5 years
SCRT LCRT SCRT LCRT
LCRT +CT LCRT alone LCRT+CT LCRT alone
stagelll 3/3% 0 1/2% 4 /4% 0 1/2%
stage lll 3/3% 1/2% 7/13% 7/7% 3/5% 7/13%
Total 6/6% 1/2% 8/15% 11/11% 3/5% 8/15%
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Fig. 1. Local recurrence time line after preoperative radiotherapy followed by surgery.

alone (15%) (p = 0.0132). The occurence
of LR was higher in clinical stage Ill 3
as well as 5 years after treatment (Tab. 3).
Median time of LR was 23 months
(range, 8-63 months) following surgery.
Fig. 1 showed the time-related LR occu-
rence after preoperative treatment for

0.9 1
0.8
0.7
0.6 1
0.5 7
0.4
0.3 1
0.2
0.1

the whole group of patients. Fifty per-
cent of LR appeared 22 months after
surgery [11 for all 151 patients (7%)].
In 20 patients (13%), LR was diagnosed
5 years after surgery. During the entire
time of analysis, LR occured in 22 pa-
tients (14%).

0 T T T T
0 10 20 30 40

50 60 70 80 20 100

month
= LCRT =— SCRT

Fig. 2. Comparison of 5-year overall survival in patients treated with SCRT and LCRT.

Following preoperative LCRT, acute
treatment toxicity was observed in 7 pa-
tients (13%), after SCRT in 5 patients
(5%), mainly in the form of gastrointes-
tinal disorders, dysuric symptoms and
skin reactions. The difference between
the two RT modalities was not statis-
tically significant (p = 0.1002). Peri-
operative complications appeared in
four patients after LCRT (7%), in 7 pa-
tients (7%) after SCRT without statisti-
cally significant difference (p = 0.9966).
Late toxicity symptoms were reported in
16 patients (29%) after LCRT and 23 pa-
tients (24%) after SCRT without statisti-
cally significant difference (p = 0.4880).
Along with psychosocial burden caused
by the disclosure of cancer diagnosis, ra-
dical treatment and treatment side-ef-
fects [14,15]; emotional distress has been
frequently observed in patients where
the indication of preoperative RT was re-
ason for the postponement of surgical
intervention. This has been taken into ac-
count in the treatment planning under-
taken in the patient’s presence [16].

Median follow-up for the whole group
of 151 patients was 48 months (range,
2-128 months). Of the 96 patients tre-
ated with SCRT, 16 patients (17%) died
due to cancer progression. Mean OS was
98 months (Cl 95%: 89.29 to 105.7). The
OS of 3 and 5 years after SCRT treatment
reached 94% and 81%, respectively. Of
the 55 patients treated with LCRT, 14 pa-
tients (26%) died due to cancer pro-
gression. The mean survival time was
71 months (Cl 95%: 62.238 to 79.742).
The OS of 3 years after treatment re-
ached 83%, after 5 years 70%. No sig-
nificant difference in 3 and 5 years OS
between groups of patients treated ei-
ther with LCRT or with SCRT (p = 0.101)
was observed (Fig. 2). Four of 33 patients
treated with LCRT with chemotherapy
died due to tumor progression. Mean
survival time in this group was 81 mon-
ths (Cl 95%: 71.527 to 90.407). The OS
time of 3 years after treatment reached
93%, 5 years after treatment 84%. Ten
patients of 22 treated with LCRT alone
died due to the failure of treatment.
Mean survival time was 48 months (Cl
95%: 38.321 to 57.335), and 3 years OS
was 67%, 5 years OS was 55% with clear
statistically difference in OS preferring

Klin Onkol 2012; 25(5): 364-369
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LCRT with chemotherapy over LCRT
alone (p =0.015) (Fig. 3).

The mean time of DFS was 51 mon-
ths (range, 1-90 months) in the LCRT
group of patients and 76 months (range,
1-128 months) in the SCRT group. In the
LCRT group of patients, 3- and 5-year
DFS was 66% and 54%, respectively
In the SCRT group of patients, 3- and
5-year DFS was 73% and 66%, respecti-
vely There was no significant difference
between these groups of patients regar-
ding 3- and 5-year DFS (p = 0.102) (Fig. 4).

Discussion

Randomized trials have demonstrated
superior local control, lower toxicity and
better compliance of RT or chemoradio-
therapy administered before rather
than after surgery [17,18]. According to
results of the NSABBP R-03 study, signi-
ficantly more patients treated with pre-
operative RT survived 5-year disease-
free as compared with patients treated
with postoperative RT (65% vs 53%).
Likewise, the number of patients rea-
ching the 5-year OS was increased by
means of LCRT from 53 % to 66%, and
the LR was dropped to 10% [19]. The
German CAO/ARO/AIO 94 trial confir-
med that in contrary to postoperative
chemoradiotherapy in locally advanced
rectal cancer, preoperative chemoradio-
therapy produces significantly lower
LR rates, less acute and chronic toxi-
city and an increased rate of sphincter
preservation [20,21]. The preoperative
RT with or without chemotherapy in
the treatment of advanced rectal can-
cer has been used for the past two de-
cades [22]. The preoperative SCRT or
LCRT combined with chemotherapy are
two different options with proven effi-
cacy. The first approach may be reaso-
nable in cases, where complete surgi-
cal removal of the tumor is indicated.
Preoperative combined chemoradio-
therapy is more appropriate for pati-
ents who need significant downsizing
of the tumor is needed before tumor re-
section with clear surgical margins [23].
Preoperative RT combined with che-
motherapy increases pathologic down-
staging when compared to radiation
alone. Theoretical advantages of the
preoperative strategy include increa-

0.8
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0.5

0.4 1

0.3

0.2 1

0.1

‘I_
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RT — RT+CHT

Fig. 3. Comparison of 5-year overall survival in patients treated with LCRT alone and

LCRT with chemotherapy.

sed radiosensitivity due to more oxyge-
nated cells and decrease of tumor see-
ding during surgery [25]. Acute toxicity
is more pronounced during combined
preoperative treatment, but long-term
side-effects may be more prevalent by
using SCRT. So far, the increase in local
control following neoadjuvant treat-

1A
09 *
0.8
0.7
0.6
0.5
0.4
03
0.2

0.1+

ment could not be translated into sub-
stantial survival benefit [26].

In our analysis, there were more pa-
tients with higher stage of disease treated
with LCRT than with SCRT (p = 0.000002),
and so the results need to be conside-
red in this context. The high-rate stage |l
tumors in the SCRT group may imply

0 T T T
0 20 40 60

T T 1
80 100 120 140

month

SCRT — LCRT

Fig. 4. Comparison of 5-year disease-free survival in patients treated with SCRT and

LCRT.
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that this group included more favou-
rable cases. The number of patients with
low tumors location from anal verge is
comparable between two groups of pa-
tients and stage of disease (p = 0.88595).
The irradiation technique was identical
in the two groups and was based on re-
levant guidelines.

Our analysis demonstrated that tumor
shrinkage after preoperative LCRT has
not resulted in a higher rate of ante-
rior resection. The sphincter preserva-
tion rate was comparable with results of
the Uppsala trial (43.5%) [24]. In compa-
rison to our results, slightly higher rates
of sphincter preservation after preope-
rative RT (67 % and 69 %, respectively),
was demonstrated in recent Dutch and
German randomised trials [20,25,26].

In the present study, the downstaging
effect was achieved only in patients tre-
ated with LCRT alone (61%) or combi-
ned with chemotherapy (64%, p > 0.05).
Pathological CR was achieved in 7 pa-
tients (13%) treated with preoperative
LCRT, while preoperative SCRT remai-
ned without effect. Our results are com-
parable with the results of large randomi-
zed studies [27,28]. The LR rate in patients
treated with LCRT with or without conco-
mitant chemotherapy showed time-rela-
ted increase: three years after treatment,
the LR values were rather low. However,
5 years after treatment, statistically sig-
nificant difference of LR between sub-
groups of patients treated with LCRT
alone or LCRT with chemotherapy prefer-
red the later modality. The results demon-
strated a significant benefit in local con-
trol of RT combined with chemotherapy.
The incidence of LR was higher in stage Il
of disease 3 as well as 5 years after treat-
ment, and the crude rate of LR was 14%in
the whole group of our 151 patients.

The LR rate in our analysis is higher
than in randomized studies in which the
total mesorectal excision technique has
been used (13% - Uppsala trial, 6% — Ger-
man trial) [20,24]. One reason of the dif-
ference might be attributed to the sub-
optimal quality of the used surgical
technique. In our analysis, acute toxicity
rates of preoperative LCRT were lower
than in large trials (German Rectal Cancer
Study - 27%) [21], while in the present
study, slightly higher late toxicity rate was

observed. Statistical analysis did not con-
firm significant difference in 3- and 5-year
OS between patients treated by SCRT or
LCRT (94% and 81%, 83% and 70%, respe-
ctively). However, clear significant diffe-
rence in OS of patients treated with LCRT
alone or with LCRT with concomitant che-
motherapy was demonstrated (67% and
55%, 93% and 84%, respectively). Our re-
sults of the 5-year OS after preoperative
LCRT in combination with chemothe-
rapy or SCRT are slightly higher compa-
red with the results of Uppsala trial (58%),
Dutch trial (63.5%) and German Cancer
Study Group (76%) [20,25,26]. Three and
5 years OS and DFS did not show any sta-
tistically significant difference between
stage Il and Il of disease in the whole
group of our patients.

Conclusion

Our results presented above clearly
demonstrated that in the treatment
of locally advanced rectal cancer, the
preoperative LCRT combined with che-
motherapy is superior to other RT moda-
lities, leading to increased tumor shrin-
kage, operability, sphincter preservation
rate, OS and DFS of treated patients.
This modality significantly reduced LR of
rectal cancer and improved overall qua-
lity of life of surviving patients.
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