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RAPID COMMUNICATION
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Absitract

AIM: Tumor response and normal tissue toxicity of
seven-day-per-week continuous accelerated irradiation
(CAIR) for patients with esophageal carcinoma were
evaluated and compared to conventional irradiation (CR).

METHODS: Sixty patients with squamous cell carcinoma
of the esophagus were randomized into two groups:
the CAIR group (30 patients) and the CR group (30 pa-
tients). Patients in the CAIR group received radiotherapy
(RT) with 2 Gy/fraction per day at 7 d/wk with a total
dose of 50-70 Gy (average dose 64.2 Gy). The overall
time of irradiation was 3.6-5.0 wk (average 4.6 wk). RT
in the CR group was 2 Gy/fraction per day at 5 d/wk
with a total dose of 40-70 Gy (average dose 61.7 Gy).
The overall time of irradiation was 4.0-7.0 wk (average 6.4
wk).

RESULTS: The data showed that the immediate tumor
response to RT was better in the CAIR group than in
the CR group. Efficiency rates (CR plus PR) were 82.8%
(24/29) and 58.6% (17/29), respectively (P = 0.047). In
both groups the incidences of esophagitis and tracheitis
were insignificant (P = 0.376, 0.959), and no patient re-
ceived toxicity that could not be tolerated.

CONCLUSION: CAIR shortens overall treatment time
and is well tolerated by patients. It may be superior
to CR in enhancing the local response of tumor, but its
remote effect for esophageal carcinoma awaits further
follow-up.
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INTRODUCTION

Esophageal carcinoma, especially in China, is one of the
most common cancers. Its treatment results are rather
dismal, with 5-year survival rates of about 5%-10% for
conventional radiotherapy (CR)""?. The poor prognosis is
the result of both, local residual disease and early disease
relapse. Thus for esophageal carcinoma, local control is
the most important factor in prolonging survival. Several
animal experiments and clinical investigations have shown
that accelerated repopulation of surviving tumor clono-
gens during a standard course of RT is one of the major
reasons for treatment failure in several cancers™™®. Some
clinical trials of accelerated hyperfractionated RT have
been carried out with the aim of overcoming this problem
by shortening the overall treatment time. Some reports
have already suggested improvement in local control and
survival rates, but at the expense of increasing acute toxic-
ity, particularly with the faster schedule”?. In recent years,
another RT schedule has been used to treat head and neck
cancer. The idea was simple-to continue radiation during
the weekends. In this way, the overall treatment time has
shortened for about two weeks, giving one fraction per day,
seven days a week (including Saturday and Sunday), without
any change of the other parameters as time or dose. This
schedule was defined as a continuous accelerated irradia-
tion (CAIR) and has been compared to conventional five
days treatment in a randomized prospective study for head
and neck cancer'”. Using this RT schedule, patients with
esophageal carcinoma were treated and our study aimed to
evaluate tumor response and normal tissue toxicity.
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MATERIALS AND METHODS

Materials

From October 2003 to December 2005, 60 unresectable or
medically inoperable patients with esophageal carcinoma
were enrolled and randomized into two groups by the
sealed envelope method. The project of clinical random-
ized trial on seven-days-pet-week continuous accelerated
irradiation (30 patients) »s conventional treatment (30
patients), including the criteria for patient eligibility, the
diagnostic procedure, the randomization method, the frac-
tionation schemes of treatment techniques, and patient
care was approved by the Ethical Committee of Xuzhou
Cancer Hospital. All patients received full information
concerning the aim of the study, diagnostic and treatment
procedures, medical care, risk of acute and late sequelae
before they entered the trial. All patients gave informed
consent to this study.

Only patients with histologically proven squamous
cells of esophageal carcinoma were included in the trial.
Additional criteria for eligibility were age <X 75 years,
Karnofsky performance status = 70, white blood cell and
hemoglobin levels within normal range, and no prior treat-
ment. The pretreatment evaluation generally included chest
radiography, chest CT scan, esophageal barium film, and
ultrasound examination of the abdomen, including liver,
kidney, spleen, and retroperitoneal lymph nodes, and liver
and renal function tests. Based on examinations mentioned
above, tumor staging was performed according to the
TNM staging system of the 1997 American Joint Commit-
tee on Cancer staging system. Patients’ characteristics are
presented in Table 1 which shows comparable distribution
of biological and clinical factors in both groups of the
trial.

Methods

Radiation methods: Radiation source was 6MV-X-ray
linear accelerator. For the design of the radiation fields for
all patients, a three-field approach was used: one anterior
and two posterior oblique portals.The length of the field
should cover clinical tumors with 3 cm extended margin
at both ends of the lesion. The width of the fields was
adjusted to cover gross tumors with 2 cm margins to
include the subclinical lesions. RT in CAIR group was 2
Gy/fraction per day for 7 d/wk with a total dose of 50-70
Gy (average dose 64.2 Gy), the overall time of irradiation
was 3.6-5.0 wk (average 4.6 wk). RT in CR group was 2
Gy/fraction per day for 5 d/wk with a total dose of 40-70
Gy (average dose 61.7 Gy), the overall time of irradiation
was 4.0-7.0 wk (average 6.4 wk).

Tumor response and acute radiation reactions evalu-
ated: All patients received esophageal barium examination
before, during, and at the end of RT. At the end of RT, the
tumor response to RT was evaluated. A complete response
(CR) was the disappearance of the mass shadow, no nar-
rowing observed in the esophageal lumen, and no, or slight
rigidity of the esophageal wall remains without residual
ulceration. A partial response (PR) was a > 50% reduction
in tumor bulk but < 100% resolution of the disease and a
residual shallow ulcer with a diameter of < 1.5 cm, despite
the disappearance of the mass shadow. A minor response
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Characteristic CAIR group CR group xz ort¢ P
n 30 30
Gender 0.30 0.584
Male 19 21
Female 11 9
Age (yr) 66.0+8.0 70.9+9.4 1.781 0.083
Length (cm) 3-10 2-12
Average (cm) 55+18 6.2+3.1 0.962 0.342
Location 0.018 0.985
Upper-thoracic 4 6
Middle-thoracic 23 19
Lower-thoracic 3 5)
Stage 1.920 0.089
I 0 2
1 17 12
il 13 16
WBC (x 10°/L) 64119 6.1+20 0.443 0.660
HGB (g/L) 1384+144 1314+171 1.411 0.166

(MR) was definite improvement in the barium esophago-
gram but with < 50% regression, with a large residual ulcer
crater and/or narrowing of the esophageal lumen, regard-
less of the residual state of the mass shadow. No change
(NC) was no improvement in the X-ray findings, with a
deep and large residual ulcer or complete obstruction of
the esophageal lumen, regardless of the residual state of
the mass shadow'"”. Acute radiation toxicity was evaluated
by the Radiation Therapy Oncology Group (RTOG) toxic-
ity criteria.

Statistical analysis

Statistical analysis was done by SPSS (Version 10.0). ~test,
Chi-square test, or Wilcoxon-I/ test were used to compare
the patients’ characteristics, tumor response, and normal
tissue toxicity to RT of both groups.

RESULTS

Early tumor response

One patient in the CAIR group interrupted RT because
of multi-metastasis and another patient in CR group died
from cardiac muscle infarction in the schedule. Within
three months after RT, the patients that completed the
schedule planed were evaluated by criteria as described
above. In the two groups, efficiency rate (CR plus PR) was
82.8% (24/29) and 58.6% (17/29), respectively and, ac-
cordingly, the inefficiency rate (MR plus NC) was 17.2%
(5/29) and 41.4% (12/29), respectively. The difference in
tumor response to RT was statistically significant, the ef-
ficiency rate in the CAIR group was higher than the CR
group (P = 0.047). The immediate response of the two
groups of patients to RT are listed in Table 2.

Acute radiation reactions

Table 3 shows the acute radiation reactions during the
treatment course and up to three months after RT. We
found that acute radiation esophagitis and tracheitis in
both groups was mainly grade [- I and the difference be-
tween the two groups was not statistically significant. No
patient received treatment resulting in intolerable acute
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Group CR PR MR NC e P

CAIR  8(27.6) 16(552) 4(138) 1(34) 408  0.047
CR 6(07) 11(37.9) 12(414) 0

radiation reactions in either group.

Impact on blood cell and hemoglobin level

In the CAIR group, the total number of white cells de-
clined below normal level in 5 patients within two weeks
after beginning RT. In three of them, white cell counts
normalized by medical intervention. In three patients of
the CR group, total number of white cell declined below
normal level. In both groups, there were two whose pa-
tients, total number of white cells did not increase right up
to the end of RT. Furthermore, all patients hemoglobin
level had no statistically significant change duting the treat-
ment coutse.

DISCUSSION

Esophageal carcinoma is one of most common malig-
nant diseases in China. The prognosis for patients with
esophageal carcinoma is extremely poor. The five years
survival rate is 5%-10% for CR alone. The poor prognosis
is the result of both local treatment failure, seen in up to
80% of cases, and carly disease dissemination™". Thus,
for esophageal carcinoma, local control is at present the
most important factor in prolonging survival. Accelerated
repopulation of tumor cells during conventionally frac-
tionated radiotherapy is a proposed reason of failed local
control in head-and-neck tumors. In the clinical setting,
one goal of treatment is to limit the extent of tumor cell
regeneration that occurs during a course of fractionated
RT. There is radiobiological rationale and convincing evi-
dence from a number of clinical studies that a therapeutic
gain may be achieved, at least for head and neck cancers,
when conventional fractionation is modified by reduction
in size of dose per fraction with the increase in total dose,
reduction of overall treatment time, or both™'". Rapid
repopulation of tumor clonogens is able to compensate
about 0.6 Gy/ dm, beginning after a lag period, which on
average, in head and neck tumors is about 3-4 wk from
the inception of therapy”. Thus, shortening overall treat-
ment time should limit the extent of accelerated tumor
repopulation, and therefore one may expect an increase in
the probability of tumor control for given total dose. Since
treatment time is thought to have little or no influence on
the response of late reacting normal tissue, a reduction in
overall treatment time would not be expected to affect the
incidence and sevetity of late normal tissue injury (provided
the size of dose per fraction is not increased and the intet-
fraction interval is sufficient for repair to be completed).
These concepts became a basic rationale for the develop-
ment of various altered fractionation strategies as an altet-
native to conventional fractionation>'". Simultaneously
with reduced treatment time schedules, multiple fraction
per day regimens have been used"”'". They allow a higher

Groups I i 1 v V4 P
Esophagitis 0.855 0.376
CAIR 6(20.7) 19(655) 4(138) 0

CR 11(379) 13(448) 5(172) 0
Tracheitis 0.051 0.959
CAIR 14 (483) 10(345) 5(172) 0
CR 13 (44.8) 13(44.8) 3(104) O

total dose to be given within the tolerance of late respond-
ing normal tissues.

One modality currently in use to achieve this goal is
the concomitant boost schedule designed by Maciejewski B
et al™ on carcinoma of the head-and-neck. Their data in-
dicated when dose per fraction of 2.0 Gy given once-a-day
at 24 h intervals, an analysis of severe mucosal reactions
shows significant difference between CAIR group and CR
group. Developed severe mucositis was 48% of patients
and 5%, respectively. Their conclusion was that the ac-
celerated treatment, using daily fractions of 2.0 Gy, 7 d
per week, gives unacceptable toxicity. When dose per frac-
tion was lowered from 2.0 Gy to 1.8 Gy, the overall rate
of acute mucosal reactions decreased to 10% as reported
by Skladowski K ez a/”. Both the 3 years local control rate
and the 3 years survival rate was improved.The 3-year local
tumor control was 82% in the CAIR group and 37% in the
CR group, and 3 years overall survival was 78% and 32%,
respectively.

In our trial, dose per fraction was 2.0 Gy in both
groups. The data showed that acute radiation esophagitis
and tracheitis in both groups was mainly grade I-1I, and
the difference between the two groups was not statistically
significant. No patient received treatment resulting in acute
radiation reactions that could not be tolerated in in either
group. The immediate response of two group patients to
RT was statistically significant. The efficiency rate (CR plus
PR) was 82.8% (24/29) and 58.6% (17/29), respectively,
the CAIR group was significantly better than the CR group
(P = 0.047). The overall treatment time has been shortened
by two weeks, as given in the result section.

The present trial demonstrates that seven-day-per-week
continuous accelerated irradiation provides significant
therapeutic benefit for patients with esophageal carcinoma
with regard to both response and toxicity to RT. Frac-
tions of 2.0 Gy could keep acute radiation esophagitis and
tracheitis on a tolerable level (different from Maciejewski
B). The results of our trial suggest that local control in
patients with esophageal catcinoma might be improved by
CAIR compared to CR methods, when using dose escala-
tion by continuous accelerated irradiation (with sufficiently
long interfraction intervals) and a shorter overall treatment
time.

REFERENCES

1 Hishikawa Y, Kurisu K, Taniguchi M, Kamikonya N, Miura
T. High-dose-rate intraluminal brachytherapy for esophageal
cancer: 10 years experience in Hyogo College of Medicine.
Radiother Oncol 1991; 21: 107-114

www.wjgnet.com



7050 ISSN 1007-9327  CN 14-1219/R

World J Gastroenterol

November 21, 2006 Volume 12 Number 43

10

Yamada S, Takai Y, Nemoto K, Ogawa Y, Kakuto Y, Hoshi
A, Sakamoto K. Low-dose rate telecobalt therapy as a boost
against esophageal carcinomas. Cancer 1992; 69: 1099-1103
Wang Y, Shi XH, He SQ, Yao WQ, Wang Y, Guo XM, Wu
GD, Zhu LX, Liu TF. Comparison between continuous
accelerated hyperfractionated and late-course accelerated
hyperfractionated radiotherapy for esophageal carcinoma. Int
] Radiat Oncol Biol Phys 2002; 54: 131-136

Fowler JF, Lindstrom M]J. Loss of local control with
prolongation in radiotherapy. Int | Radiat Oncol Biol Phys 1992;
23: 457-467

Withers HR, Taylor JM, Maciejewski B. The hazard of
accelerated tumor clonogen repopulation during radiotherapy.
Acta Oncol 1988; 27: 131-146

Begg AC, Hofland I, Moonen L, Bartelink H, Schraub S,
Bontemps P, Le Fur R, Van Den Bogaert W, Caspers R, Van
Glabbeke M. The predictive value of cell kinetic measurements
in a European trial of accelerated fractionation in advanced
head and neck tumors: an interim report. Int | Radiat Oncol Biol
Phys 1990; 19: 1449-1453

Baumann M, Appold S, Petersen C, Zips D, Herrmann T. Dose
and fractionation concepts in the primary radiotherapy of non-
small cell lung cancer. Lung Cancer 2001; 33 Suppl 1: S35-545
Saunders MI, Dische S, Barrett A, Parmar MK, Harvey
A, Gibson D. Randomised multicentre trials of CHART
vs conventional radiotherapy in head and neck and non-
small-cell lung cancer: an interim report. CHART Steering
Committee. Br | Cancer 1996; 73: 1455-1462

Skladowski K, Maciejewski B, Golen M, Pilecki B, Przeorek W,
Tarnawski R. Randomized clinical trial on 7-day-continuous
accelerated irradiation (CAIR) of head and neck cancer - report
on 3-year tumour control and normal tissue toxicity. Radiother
Oncol 2000; 55: 101-110

Zhao KL, Shi XH, Jiang GL, Wang Y. Late-course accelerated
hyperfractionated radiotherapy for localized esophageal

www.wjgnet.com

11

12

13

14

15

16

17

18

carcinoma. Int | Radiat Oncol Biol Phys 2004; 60: 123-129
Suwinski R, Bankowska-Wozniak M, Majewski W, Sowa
A, Idasiak A, Ziolkowska E, Windorbska W, Tarnawski R,
Skladowski K, Maciejewski B. Randomized clinical trial on
continuous 7-days-a-week postoperative radiotherapy for
high-risk squamous cell head-and-neck cancer: a report on
acute normal tissue reactions. Radiother Oncol 2005; 77: 58-64
Shah N, Saunders MI, Dische S. A pilot study of postoperative
CHART and CHARTWEL in head and neck cancer. Clin Oncol
(R Coll Radiol) 2000; 12: 392-396

Peters L], Ang KK, Thames HD ]Jr. Accelerated fractionation
in the radiation treatment of head and neck cancer. A critical
comparison of different strategies. Acta Oncol 1988; 27: 185-194
Mendenhall WM, Riggs CE, Amdur R], Hinerman RW, Villaret
DB. Altered fractionation and/or adjuvant chemotherapy in
definitive irradiation of squamous cell carcinoma of the head
and neck. Laryngoscope 2003; 113: 546-551

Awwad HK, Lotayef M, Shouman T, Begg AC, Wilson
G, Bentzen SM, Abd El-Moneim H, Eissa S. Accelerated
hyperfractionation (AHF) compared to conventional
fractionation (CF) in the postoperative radiotherapy of locally
advanced head and neck cancer: influence of proliferation. Br |
Cancer 2002; 86: 517-523

Zhao KL, Wang Y, Shi XH. Late course accelerated
hyperfractionated radiotherapy for clinical T1-2 esophageal
carcinoma. World | Gastroenterol 2003; 9: 1374-1376

Bentzen SM, Saunders MI, Dische S. From CHART
to CHARTWEL in non-small cell lung cancer: clinical
radiobiological modelling of the expected change in outcome.
Clin Oncol (R Coll Radiol) 2002; 14: 372-381

Maciejewski B, Skladowski K, Pilecki B, Taylor JM, Withers
RH, Miszczyk L, Zajusz A, Suwinski R. Randomized
clinical trial on accelerated 7 days per week fractionation in
radiotherapy for head and neck cancer. Preliminary report on
acute toxicity. Radiother Oncol 1996; 40: 137-145

S- Editor Wang] L-Editor Mihm S E- Editor BiL



