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ADJUVANT POSTOPERATIVE ACCELERATED HYPERFRACTIONATED
RADIOTHERAPY IN RECTAL CANCER: A FEASABILITY STUDY
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Purpose: To assess the acute toxicity and hence feasability of postoperative hyperfractionated accelerated radio-
therapy in rectal cancer.

Methods and Materials: Twenty patients were submitted to accelerated hyperfractionated radiotherapy after resection
of rectal cancer. A total dose of 48 Gy was given in 3 weeks. Two fractions of 1.6 Gy were used with a mean
interfraction interval of at least 6 hours. The pelvic volume was treated by a four-field box technique using a linear
accelerator (6-18 MV). Acute toxicity was assessed once per week. Small bowel and skin toxicity were scored
according to the criteria of the World Health Organization. Bladder toxicity was scored according to the criteria
of the Radiation Therapy Oncology Group.

Results: All the patients underwent the treatment as planned except one. No patient presented grade 3 or 4 bladder
toxicity. There was only one patient who complained from grade 3 skin toxicity at the end of the treatment. Fourteen
patients had some degree of intestinal toxicity. This was the most frequently occurring acute side-effect. Only two
out of the fourteen patients had intestinal toxicity exceeding grade 2.

Conclusion: Hyperfractionated accelerated radiotherapy on a pelvic volume is feasable as far as acute toxicity is
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concerned.

Hyperfractionation, Acceleration, Postoperative radiotherapy, Rectal cancer.

INTRODUCTION

It is stated that preoperative radiotherapy for rectal cancer
should be tested on a large scale in randomized trials (3).
However, there will always remain a population of pa-
tients, primarily treated with surgery which will need
postoperative adjuvant radiotherapy.

The reduction of local recurrences after postoperative
radiotherapy was marginally significant in two recently
published randomized trials and negative in two others
(1,8, 25, 26). Therefore, one should question if moderate
to high dose conventional fractionation (50 Gy in 5
weeks)—aimed at increasing local control—is the best
approach (19).

To increase local control and hence survival, new treat-
ment schedules should enhance the overall cytotoxic effect
of the radiotherapeutic treatment. This can be obtained
by combining chemotherapy and radiotherapy as has been
published by the Gastro-Intestinal Tumor Study Group
(12, 25) and by Krook ez al. (15). In both trials local con-

trol and survival were significantly better for the combi-
nation arm compared to postoperative radiotherapy alone.
Nevertheless, as stated by Cox et al. “fractionation in ra-
diotherapy continues to be an important modality to be
pursued in clinical studies because it is the background
for the investigation of adjuncts such as chemical modi-
fiers, hyperthermia, as well as integrated treatment with
cytotoxic chemotherapy and/or surgical resection” (4).

Recently published values of potential doubling time
allows estimation of treatment duration (21, 32). Based
on radiobiological data, hyperfractionated accelerated ra-
diotherapy has been started at our institution to test the
feasability of accelerating treatment in rectal cancer. In
this article, we report the acute toxicity of this treatment
approach.

METHODS AND MATERIALS

From December 1989 to May 1991, 20 patients were
introduced in this phase I trial. All presented with histo-
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logically confirmed rectal adenocarcinoma. They were re-
ferred to our institution for postoperative adjuvant radio-
therapy because of extention through the bowel wall and/
or nodal invasion (Tumor Node Metastases classification
Stage II and III).

All patients were treated with a linear accelerator ad-
justed to deliver 6 or 18 MV photons. The target volume
was irradiated by a four-field box technique. The upper
limit was defined as the L5-S1 interspace. The whole sa-
crum was systematically included in the four fields. The
inferior limit was defined as a function of the type of
surgery and the location of the primary tumor versus the
anal margin. In case of abdominoperineal resection the
whole perineum was systematically covered. In case of
low anterior resection, the inferior border of the field was
located distally from the anal margin for lesions located
at less than 5 cm from the anal verge. The anterior limit
of the lateral fields was located just behind the symphysis.
The posterior limit was located behind the sacrum with
a | cm margin. Systematic in vivo dosimetry on the per-
ineum or the anal margin was done with solid state de-
tectors, to confirm that the inferior limit of the field was
correct.

Patients were treated in prone position with full bladder
(13). Contrast enhancement of small bowel was done dur-
ing simulation, to optimize small bowel protection by
block design whenever possible (14). Closing the perito-
neum in order to avoid sliding of intestines into the small
pelvis was performed in only nine patients.

A total dose of 48 Gy was applied at the isocenter of
the four fields. Two fractions of 1.6 Gy per day were used
5 days per week, separated by at least a 6-hr interval. Only
one patient received chemotherapy. For this single patient
a combination of 5-FU and levamizole has been used
after the completion of the radiotherapeutic treatment.

The acute toxicity was assessed once per week and 2
weeks after completion of the treatment. The highest tox-
icity score was registered from the start of the radiotherapy
on, until 6 months after treatment. The WHO (World
Health Organisation) scoring system has been applied for
skin and small bowel toxicity (Table 1). For acute bladder
toxicity the RTOG (Radiation Therapy oncology Group)
guidelines were used. After completion of the treatment,
patients were routinely followed every 3 months to assess
late complications. Those were defined as occurring after
a minimum follow-up of 6 months.

The amount of small bowel within treatment portals
was estimated and we tried to correlate this value with
acute toxicity (11).

The total surface of small bowel in the treated field
surface was assessed by superimposing a 1 cm spread grid
(taking into account the magnification factor) on the sim-
ulation film. The ratio of the surface containing contrast
enhanced small bowel, corrected for blocking in the four
fields, to the corrected portal surface yielded the percent
of surface of irradiated small bowel (SBS %). The mean
value of the sum of the small bowel surface (in percent
of the total surface) in the anteroposterior and lateral fields
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Table 1. Grading of acute and subacute toxic effects according
to WHO. For bladder the RTOG scoring system
has been used

Toxicity
grade

Skin

No change

Erythema

Dry desquamation, vesiculation, pruritus

Moist desquamation, ulceration

Exfoliative dermatitis; necrosis requiring
surgical intervention

AW —O

Bladder

0 No dysuria

Minor dysuria not requiring treatment

Dysuria responding to simple outpatient

management

3 Frequency, urgency and nycturia hourly or
more frequently; dysuria, pelvic pain or
bladder spasm requiring narcotics; gross
hematuria

4 Hematuria requiring transfusion; acute
bladder obstruction not due to clot
passage, ulceration or necrosis

N —

Small bowel

No diarrhoea

Transient < 2 days
Tolerable > 2 days
Intolerable requiring therapy
Haemorrhagic dehydration

AW —=O

yielded the index of irradiated small bowel. This index
(volume index 1) is proportional to the volume of irra-
diated small bowel. This index can also be approached
by taking the square root of the product of the corrected
surface of small bowel in anteroposterior (SBS AP%) and
lateral fields (SBS Lat %). This “volume index 2” is again
proportional to the real volume.

RESULTS

Twenty patients were included in this protocol. The
mean age was 64 with a median age of 66 (range 42-76).
There were 14 males and 6 females. The majority of pa-
tients had Stage II (N = 9) and III disease (N = 8). Patient
characteristics are summarized in Table 2.

One patient presented with a local recurrence and a
single hepatic metastasis. He underwent local and hepatic
surgery with curative intent followed by pelvic radiother-
apy and systemic chemotherapy. This case was included
in the analysis for estimation of toxicity of accelerated
hyperfractionated pelvic irradiation.

All patients had histologically confirmed adenocarci-
noma of the rectum. Three patients had well-differentiated
tumors. The other ones presented with a moderately to
poorly differentiated adenocarcinoma.
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Table 2. Summary of patient characteristics

No.
Topographic localisation of the primary
Superior border below peritoneal reflection 9
In front of peritoneal reflection 10
Inferior border above peritoneal reflection 0
Unknown 1
Type of surgery
Abdominoperineal resection 11
Anterior resection 7
Hartman 1
Endoscopic resection 1
Reconstruction of peritoneal floor 9
No reconstruction 7
Unknown 4

All received a total dose of 48 Gy except for one patient
who developed major toxicity (grade 4 diarrhea) at 44.8
Gy. The median elapsed treatment time was 21.5 days
(range 19-24). This was slightly more than the projected
treatment duration of 19 days. This projected treatment
duration could only be achieved if the treatment was
started on Monday and if there were no interruptions for
technical problems or holidays.

The dose-intensity, defined by us as the ratio of total
dose in cGy versus total elapsed time in days, ranged from
253 ¢Gy/day to 195 ¢cGy/day with a median value of 223.4
¢Gy/day (Table 3 for comparison with dose intensity for
other treatment regimens). The median interfraction in-
terval was 6.5 hr (mean value 7.3 hr, range 5.9 to 13 hr).

Acute toxicity was acceptable. No patients developed
grade 3 and 4 cutaneous or bladder toxicity (Table 4).
Fifty percent of patients had no urinary complaints at all
at the end of the treatment. Fifteen out of 20 patients had
some degree of cutaneous toxicity in the perineum, mainly
grade 2 (8/15). Intestinal toxicity was the most frequently
occurring side effect (14/20). However, only 2 out of 14
patients who had some degree of small bowel complica-
tions needed hospitalisation and only one of these required

Table 3. Comparison of dose intensity (DI) defined as total
dose (TD) vs. elapsed treatment time (ET) according to
protocol prescription (cGy/day) (for a review see ref. 1)

TD ET* DI
Trial R/NR Year (Gy) (days) (cGy/day)

EORTC-40811 R 46 31 148
Stockholm R 1986 50 47 106
MDAH NR 1987 40-50 33 151
GITSG R 1988 40 26 154

48 33 154
NCCTG R 1988  50.4 40 126
NSABP-RO1 R 1988 47 33 142
Dutch R 1991 50 33 151

Multicenter

Lausanne NR 1992 48 19 253

* For these calculations treatment is assumed to start on
Monday.
R = Randomized trial; NR = Not randomized.
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Table 4. Incidence of highest toxicity scores for small bowel,
bladder and skin*

WHO - WHO- WHO- WHO- WHO -

0 I 11 111 10Y%
Intestinal 6 5 7z 1 1
Cutaneous 5 6 8 1 0
Bladder 9 10 1 0 0

* The decision to stop the treatment is usually based on the
highest level of toxicity in our department.

a break in treatment. The median follow-up is 12.6
months for surviving patients (mean 13.5 months). So far
no case of late damage has occurred. One patient with an
initial stage T3N2 died from distant metastatic disease 5
months after treatment but locally controlled. Two pa-
tients, one with a local recurrence and an hepatic metas-
tases surgically removed prior to the accelerated radio-
therapy, and one initially referred with a stage T4NO, died
from local recurrence and progression of liver metastases
8 months after treatment.

There were no treatment interruptions for toxicity ex-
cept for one patient who received a total of 44.8 Gy. She
presented with grade 2 diarrhea after surgery and prior to
radiotherapy. During the third week of accelerated radio-
therapy, she complained of nausea, vomiting and hem-
orrhagic diarrhea. Treatment was interrupted at 44.8 Gy
and she had to be admitted to the hospital for intensive
rehydratation and realimentation. After partial recovery,
a gastroduodenoscopy showed the presence of a bleeding
ulcer in the initial part of the duodenum. This was outside
treatment fields.

The sizes of treatment portals were calculated. The
mean corrected surface (i.e. small bowel blocks accounted
for) of anteroposterior-posteroanterior fields was 294.3
cm? with a median value of 281.8 cm®. The anteropos-
terior blocks represented a mean value of 16.5% and a
median value of 17.9% of the total surface of the antero-
posterior portal. The mean corrected surface of the lateral
fields was 286.8 cm? with a median value of 292.3 ¢cm?
(range 201 cm? to 405 cm?). In the lateral fields a mean
of 11.1% and a median of 9.5% was blocked to protect
the small bowel as much as acceptable.

The small bowel surface SBS AP% and SBS Lat% and
the calculated volume index (index I and II) have been
plotted against the mean toxicity grade per quartile. There
seems to be a linear relationship between mean toxicity
grade and small bowel surface illustrating the importance
of a volume effect in the occurrence of acute toxicity (Fig.
1). The estimation of a small bowel surface on simulation
films and calculated index I and II seem to be an adequate
estimate of the real small bowel volume and hence of the
risk of acute complication. Follow-up is too short (median
16 months, mean 16.2 months) to evaluate the predictive
value of this small bowel volume estimate on late com-
plications.

The mean toxicity scale was calculated for those patients
who underwent peritoneal closing and compared to those
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Mean small bowel toxicity scores
versus volume of small bowel irradiated

*7

Small Bowel Toxicity Score

Vol. Ind. 1
Vol. Ind. 2
% SBS AP
% SBS Lat

25 50
Quartile

75 100

Fig. 1. Relationship between volume-index per quartile, SBS-AP% and SBS-Lat% and calculated mean toxicity
score. Volume index has been defined as the mean of calculated corrected surfaces of small bowel in anteroposterior
and lateral fields or as the square root of the product of small bowel surface of both fields (anteroposterior and

lateral).

patient who did not undergo this surgical reconstruction.
The difference (toxicity score surgical reconstruction of
peritoneal floor vs. no surgical reconstruction) was not
significant due to the small patient number (p = 0.2).
However, there was a trend toward improvement of tol-
erance when peritoneal closing was performed during
surgery. The mean small bowel toxicity for the patients
submitted to a schedule with a dose intensity > 223.4
cGy/day was higher. Again this difference did not reach
a statistically significant level (p = 0.1).

DISCUSSION

Postoperative radiotherapy is considered as a part of
the standard adjuvant treatment in stage I and III sur-
gically resected rectal cancer (8). This moderate to high
dose radiotherapy (50 Gy in 5 weeks), is aimed at increas-
ing local control compared to surgery alone. In random-
ized trials, local failure was reduced and survival increased
only when radiotherapy was combined with chemother-
apy (12, 15, 25). Thus, currently recommended radio-
therapy is only moderately effective in rectal cancer. It’s
effectiveness may be increased by treatment intensifica-
tion. This can be achieved either by increasing total dose
using hyperfractionated treatment (4), or by reducing total
elapsed treatment time or both (10). According to Suit
and Overgaard, a total dose of 45 to 50 Gy should be
sufficient to control microscopic residual disease in most
common tumors (20, 23).

Treatment intensification by reducing total treatment
duration can be achieved either by increasing dose per
fraction or by giving multiple fractions a day. The increase

of dose per fraction is associated with an increase of the
risk of late toxicity (2, 8). Hyperfractionation and multiple
fractions a day offers the double advantage of accelerating
treatment (to overcome repopulation and reducing the
probability of late complications by the use of a reduced
dose per fraction (2, 5, 6,9, 10, 17,24, 27-31, 33), keeping
healthy tissue volume as low as possible (16, 34).

The Gray Laboratory recently published data concern-
ing cellular kinetics in rectal cancer (21, 32). The median
value of potential doubling time for all rectal tumors is
about 3.9 days (range 1.7-212.4 days). For diploid rectal
tumors the median value was 5.4 days (range 1.7-21.4
days) whereas for aneuploid tumors the median value did
not exceed 3.5 days (range 1.9-15.4 days). Therefore,
considering rectal tumors as being of intermediate radio-
sensitivity (0.2-0.6 Gy ' = «) (7, 18), and for a range of
«/f from 4 to 17 Gy (proportional to « according to Fow-
ler) (9, 10), acceleration may be indicated in a large pro-
portion of tumors.

Based on these preliminary data from this Phase I trial,
Hyperfractionated Accelerated Adjuvant Radiotherapy
(HART) seems to be feasible. Acute toxicity can be man-
aged easily. One out of the twenty treatments has been
interrupted due to grade 4 diarrhea and dehydration. This
major acute toxicity for this single case is partly explained
by acute radiation toxicity. However the presence of
bleeding duodenal ulcers located outside the treatment
fields may have worsened the general condition of this
patient.

Further increase of treatment intensity such as for ex-
ample association of chemotherapy and HART (15, 22),
will need specific small bowel protection in order to keep
therapeutic index constant or even increased.
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