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Objective: To determine the number of different radiation schedules used in Ontario to treat
women with node-negative breast cancer after lumpectomy and axillary dissection.
Design: Retrospective survey.

Setting: Princess Margaret Hospital, Toronto, and regional centres of the Ontario Cancer
Treatment and Research Foundation (in Hamilton, London, Ottawa, Windsor and Thunder
Bay).
Patients: A total of 551 of 1624 consecutive patients with node-negative breast cancer hav-
ing undergone lumpectomy and axillary dissection who were eligible but did not participate
in the Ontario Clinical Oncology Group randomized clinical trial and who received adjuvant
breast irradiation between April 1984 and February 1989.
Outcome measures: Schedules of radiotherapy received.
Results: Forty-eight different radiotherapy schedules were identified. Total doses ranged
from 4000 to 6600 cGy and the number of fractions from 15 to 30. Several different sched-
ules were preferred: 322 patients (58.5%) received 4000 cGy in 15 or 16 fractions to the
whole breast over 3 weeks plus a local boost of 1250 cGy to the primary site in S fractions
over 1 week; 66 patients (12.0%) received 4000 cGy in 15 or 16 fractions over 3 weeks to the
whole breast plus a local boost of 1000 cGy to the primary site in 4 or 5 fractions over 1

week; and 63 patients (11.5%) received 5000 cGy in 25 fractions to the whole breast in 5
weeks, without a boost.
Conclusions: The practice of adjuvant radiotherapy for early breast cancer in Ontario varies.
The optimal radiation regimen for patients after lumpectomy should be determined through
randomized clinical trials.

Objectif: Determiner le nombre des differents calendriers radiques utilises en Ontario pour
traiter des femmes ayant un cancer du sein sans atteinte aux ganglions, apres exerese locale et
curage axillaire.
Conception : Enquete retrospective.
Contexte: Hopital Princess Margaret, Toronto, et les centres regionaux de la Fondation on-
tarienne pour la recherche en cancerologie et le traitement du cancer (a' Hamilton, London,
Ottawa, Windsor et Thunder Bay).
Patientes: Un total de 551 sur 1 624 patientes consecutives ayant un cancer du sein sans at-
teinte aux ganglions, ayant subi une exerese locale et curage axillaire, qui etaient admissibles
'a l'essai clinique randomise du Groupe d'oncologie clinique de l'Ontario, mais n'y ont pas
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participe, et ont requ un traitement d'appoint par irradiation entre avril 1984 et f6vrier 1989.
Mesures des resultats: Calendriers des radiotherapies reques.
Resultats: Quarante-huit calendriers differents de radiotherapie ont ete recenses. Les doses
totales allaient de 4 000 a 6 600 cGy et le nombre de fractions, de 15 a 30. Plusieurs calendri-
ers differents avaient la preference: 322 patientes (58,5 %) ont requ 4 000 cGy en 15 ou 16
fractions au sein entier, sur une periode de 3 semaines, plus un rappel local de 1 250 cGy sur
le site principal en 5 fractions, en une semaine; 66 patientes (12,0 %) ont requ 4 000 cGy en
15 ou 16 fractions, au sein entier, sur une periode de 3 semaines, plus un rappel local de
1 000 cGy au site principal en 4 ou 5 fractions, en une semaine; et 63 patientes (11,5 %) ont
requ 5 000 cGy en 25 fractions, au sein entier, en 5 semaines, sans rappel.
Conclusions: La pratique en Ontario varie pour ce qui est de la radiothelrapie d'appoint dans
le traitement du cancer precoce du sein. Les schemas radiques optimaux pour les patientes
ayant subi une exerese locale devraient etre determines par des essais cliniques randomises.

C onservative surgery in the treatment of early
breast cancer has become increasingly popular
since the publication of several clinical trials in

the early 1980s showing comparable results of such
surgery compared with those of mastectomy.i4 Clinical
trials have also demonstrated that breast irradiation after
lumpectomy reduces the risk of recurrence of cancer in
the treated breast.' Thus, breast irradiation is now con-
sidered standard treatment after lumpectomy.7 With the
increasing use of screening mammography more cases
of early breast cancer amenable to this therapy are being
discovered. The result has been an increased demand
on centres providing radiotherapy. With this increasing
caseload the ability to deliver timely breast irradiation is
becoming more difficult, and the result is long waiting
lists for patients.

Several different radiation schedules were used in
the randomized trials and cohort studies that evaluated
the role of adjuvant breast irradiation.i'"8'0 Indeed, three
national surveys of clinical practice in Britain, France
and the United States identified variations in the radia-
tion schedules used to treat patients after lumpec-
tomy.11-'3 The reason for this remains unexplained, but
regional preference and physician choice are involved in
part." The lack of randomized trials comparing radiation
schedules has no doubt contributed to the variability ob-
served.

In view of the difficulty in meeting the increased
demand for adjuvant breast radiotherapy in Ontario it
was considered important to examine patterns of prac-
tice. We report the results of a study of the radiation
schedules used to treat eligible patients who did not con-
sent to be enrolled in a randomized trial of local breast
irradiation in women with node-negative breast cancer.6

Methods

Between April 1984 and February 1989 a random-
ized trial of local breast irradiation after lumpectomy
and axillary dissection in women with node-negative
breast cancer was conducted at a number of Ontario re-
gional cancer centres by the Ontario Clinical Oncology
Group (OCOG).6 Participating centres included the
Princess Margaret Hospital, Toronto, and regional cen-

tres of the Ontario Cancer Treatment and Research
Foundation (in Hamilton, London, Ottawa, Windsor and
Thunder Bay).

The study population included patients who had
had lumpectomy and axillary dissection with a histologi-
cally confirmed diagnosis of invasive breast cancer with-
out axillary node involvement. The tumours had to be 4
cm or less in diameter, with microscopically clear resec-
tion margins. Exclusion criteria included a history of
surgery for breast cancer, evidence of skin infiltration in
the involved breast (e.g., edema and ulceration), deep
fixation to underlying muscle, pure ductal carcinoma in
situ or lobular carcinoma in situ, bilateral breast cancer,
more than one primary tumour in the same breast, a doc-
umented history of previous cancer (except squamous or
basal cell carcinoma of the skin), serious, nonmalignant
systemic medical illness, underlying psychiatric or ad-
dictive disorders, a breast deemed too large to permit
satisfactory radiation, receipt of any adjuvant systemic
therapy, an inability to commence radiation within 12
weeks after surgery and geographic inaccessibility for
follow-up.

Eligible patients who agreed to participate in the
OCOG study were randomly assigned to receive adju-
vant breast irradiation or no further treatment. Patients in
the former group received 4000 cGy in 16 fractions to
the whole breast over 3 weeks (actually 3 weeks and 1
day, since radiation was given daily Monday to Friday)
followed by a local boost of 1250 cGy in 5 fractions to
the primary site over 1 week.

Eligibility forms for all women considered for par-
ticipation in the OCOG trial were completed by the
treatment centres at the time of initial patient assess-
ment. In addition to the information provided by these
forms the treatment received by nonparticipating pa-
tients was obtained through a retrospective review of the
patients' charts and radiotherapy prescriptions. One of
the investigators visited each cancer centre and reviewed
each chart. Approval for this review was obtained from
each centre's local ethics committee.

A total of 1624 patients were deemed eligible and
were approached for consent; 787 (48.5%) did not con-
sent and form the basis of this report. No patients were
lost to follow-up.
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Since this retrospective review was based on treat-
ment practices between 1984 and 1989 we surveyed the
nine cancer centres in Ontario for their current rec-

ommended radiation schedule for women with node-
negative breast cancer after lumpectomy with micro-
scopically clear margins.

Results

Of the 787 patients who were not enrolled in the
randomized trial, 551 received breast irradiation. Forty-
eight different schedules were identified. One patient
who did not complete treatment received 1000 cGy in
four fractions and was excluded from the analysis. The
total dose (the dose to the breast plus the local boost to
the primary site) varied from 4000 to 6600 (median
5250) cGy (Table 1). The number of fractions per patient
varied from 15 to 30 (median 21) (Table 2).

Sixteen separate schedules were used to treat the
whole breast. The dose ranged from 3650 to 5000 cGy,
given in 13 to 25 fractions. A total of 470 patients (85.5%)
were treated with a local boost to the primary site; 17 dif-
ferent schedules were used. Only one patient received an

interstitial implant as a boost: she received 2000 cGy fol-
lowing 4600 cGy in 23 fractions to the whole breast. The
boost dose delivered by external beam therapy ranged
from 500 to 1500 cGy in two to six fractions.

Despite the variation observed, certain schedules
were preferred: 322 patients (58.5%) received 4000 cGy
in 15 or 16 fractions to the whole breast over 3 weeks
plus a local boost of 1250 cGy in S fractions to the pri-
mary site over 1 week; 66 patients (12.0%) received
4000 cGy in 15 or 16 fractions to the whole breast over

3 weeks plus a local boost of 1000 cGy in 4 or 5 frac-

Total no.
of fractions

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

No. (and %)
of patients

6 (1.1)
4 (0.7)

5 (0.9)
14 (2.5)
24 (4.4)
127 (23.1)
272 (49.5)

1 (0.2)
3 (0.5)
1 (0.2)

77 (14.0)
2 (0.4)
1 (0.2)
3 (0.5)
2 (0.4)
8 (1.5)

Total dose, cGy/ No. (and %) Total dose, cGy/no. No. (and %/6)
no. of fractionst of patients of fractionst of patients
4000/15
4000/16
4000/20
4250/20
4300/19
4500/17
4500/18
4600/19
4600/23
-4750/18
4750/19
4750/22
'4800/18
4900/21
4950/19
5000/18
5000/19
5000/20
5000/21
-5000/24
5000/25

6
3
1

- 1
1
5
1
1
3

<8
13
1

1

1
1

78
50

9

74

(1.1)
(0.5)
(0.2)
(0.2)
(0.2)
(0.9)
(0.2)
(0.2)
(0.5)
(1.5)
(2.4)
(0.2)
'(0.2)
(0.2)
(0.2)
(0.2)
(1.5)
(9.1)
(3.5)
(0.2)

(13.5)

5100/20
5200/18
5250/16
5250/18
5250/20
5250/21
5250/25
5250/26
5500/20
5500/21
5500/27
5750/28
5800/29
5880/30-
5900/28
6000/26
6000/29
6000/30
6250/25
6600/24f

1 (0.2)
2 (0.4)
1 (02)
1 (0.2)

72 (13.1)
250 (45.5)

1 (0.2)
1 (0.2)
2 (0.4)
2 (0.4)
1 (0.2)
2 (0.4)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)
1 (0.2)

7 (1-3)
1 (0.2)
1 (0.2)
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*The 'patients were eligible for-the Ontario Clinical Oncology Group randomized clinical trial but did
not participate.
tSome patients had the same total dose and total number of fractions but received the treatment
according to different schedules.
tPatient was treated with interstitial implant of 2000 c3y after reoeiving 4600 cGy in 23 fractions to
the whole breast.
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tions to the primary site over 1 week; and 63 patients
(11.5%) received 5000 cGy in 25 fractions to the whole
breast over 5 weeks, without a boost.

Fifteen patients (2.7%) received additional regional
irradiation: 5 received treatment to the internal mam-
mary region only, through a parasternal field, and 10 re-
ceived treatment to the supraclavicular and axillary
regions.

Our survey of the cancer centres revealed six differ-
ent recommended radiation schedules, ranging in doses
from 4000 to 6000 cGy in 16 to 30 fractions (Table 3).

Discussion

Because of the increasing demands on cancer cen-
tres to provide adjuvant breast irradiation we attempted
to gain information on the number of different treatment
schedules used in Ontario. We found that treatment var-
ied in the total dose and in the number of fractions.
Given the variation identified, overall treatment time
was likely to vary from 19 to 40 days. Despite this lack
of uniformity, however, the schedule used in the ran-
domized OCOG trial and that used in the National Surgi-
cal Adjuvant Breast and Bowel Project (NSABP) trial of
conservative surgery and adjuvant radiation (5000 cGy
in 25 fractions)346 were prescribed for a large proportion
of patients in our retrospective study. When we exam-
ined current practice, the lack of consensus for a stan-
dard schedule was consistent with the variability we
observed.

This variation in practice may be related in part to a
perceived uniformity of outcome of several different
schedules. Although there are limitations to cross-study
comparisons the results of several randomized trials and
cohort studies using different radiation regimens, some
as short as 3 weeks, have demonstrated similar rates of
local control and late morbidity.''8 "0 The ultimate effect
of a schedule may depend on a host of clinical and radio-
biologic factors. Various methods have been used to pre-
dict the effect of modifying total dose, treatment time
and fraction size: for example, nominal standard dose;
time, dose and, fractionation; and, more recently, bio-

Total dose, cGy/ No. of
no. of fractions centres*

4000/16 1
4400/16 1
4500/20 1
4000/16 + 1250/5 2
5000/25 4
5000/25 + 1000/5 1

*One centre recommended two schedules.

logic effective dose.'4"5 Unfortunately, such methods are
limited. They are based on retrospective analyses and
animal studies, and the effects of overall treatment time
are not well known, especially for breast cancer.16"7 In
addition, clinical factors, such as the ability to localize
the primary site for boost radiation, are not accounted
for.'8 The most acceptable method to compare schedules
would be direct comparison in a randomized trial with
blinded assessment of outcome. Unfortunately, such
studies have not been performed.

Variability in radiation schedules used to treat pa-
tients with node-negative breast cancer after lumpec-
tomy is not peculiar to Ontario."'3 In 1989 the Royal
College of Radiologists sent a questionnaire to 222 radi-
ation oncologists practising in Britain: 51 different
schedules were identified." They ranged from 6 to 45
fractions given over 3 to 8 weeks. When questioned as to
what influenced their choice of treatment, 90% of the ra-
diation oncologists responded that local policy and pre-
vious training did. Only 30% attributed their choice to
logistic restraints and less than 5% to results from clin-
ical trials. Similar information from radiation oncolo-
gists in Ontario was not available from our study, but it
would seem likely that the same factors would apply.

Unlike the Royal College survey, we recorded the
treatments patients actually received rather than what
physicians reported their practice to be. Some of the
variation we observed may be related to incompletion of
planned therapy. However, this factor is unlikely to have
had a significant effect, because the acute side effects of
treatment are minimal. Another source of variability
may be related to technical factors such as breast size
and dose inhomogeneity. A potential limitation of our
study is that by its design it was limited to patients who
did not consent to participate in a randomized trial and
may not be representative of everyday practice. Al-
though nonconsenting patients have been shown in some
circumstances to behave differently than consenting pa-
tients it is difficult to conceive that this might affect the
radiation treatment they received in this study.

Conclusion

This retrospective study demonstrated variation in
the practice of adjuvant radiotherapy for early breast
cancer in Ontario. A comparison of findings from ran-
domized controlled trials and cohort studies suggest that
several schedules may have similar outcomes. Given the
clear evidence of therapeutic effectiveness of adjuvant
radiation in reducing the rate of local recurrence and
avoiding mastectomy as well as the increasing inability
of the health care system to meet the clinical demand for
radiation treatment, it would seem reasonable to try to
identify the most effective and efficient radiation sched-
ule. If it could be clearly demonstrated in a randomized
trial that a shorter schedule (e.g., 3 weeks) was as effec-
tive as a longer schedule (e.g., 4 to 5 weeks), in terms of
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tumour control and late morbidity, there would. be- obvi-
ous advantages. If the overall duration of treatment were,
shortened, patient convenience would be increased and
more patients could be treated with the available re-
sources.

We thank Ms. Lenore Dickson for assistance with the data
analysis and Ms. Gina McInerney for secretarial assistance.
We also thank Dr. Brian Wilson for his comments during the
preparation of the manuscript.

References

1. Veronesi U, Saccozzi R, Del Vecchio M et al: Comparing radical
mastectomy with quadrantectomy, axillary dissection and radio-
therapy in patients with small cancers of the breast. N Engl J Med
1981; 305: 6-11

2. Sarrazin D, Le M, Rorresse J et al: Conservative treatment versus
mastectomy in breast cancer tumors with macroscopic diameter of
20 millimeters or less. The experience of the Institut Gustave-
Roussy. Cancer 1984; 53: 1209-1213

3. Fisher B, Bauer M, Margolese R et al: Five-year results of a ran-
domized clinical trial comparing total mastectomy and segmental
mastectomy with or without radiation in the treatment of breast
cancer. N Engl J Med 1985; 312: 665-673

4. Fisher B, Redmond C, Poisson R et al: Eight-year results of a ran-
domized clinical trial comparing total mastectomy and lumpec-
tomy with or without radiation in the treatment of breast cancer.
N Engl JMed 1989; 320: 822-828

5. Sector resection with or without postoperative radiotherapy for
stage I breast cancer: a randomized trial. Uppsala-Orebro Breast
Cancer Study Group. JNatl Cancer Inst 1990; 82: 277-282

6. Clark RM, McCulloch PB, Levine MN et al: A randomized clin-
ical trial to assess the effectiveness of breast radiation following
lumpectomy and axillary dissection for node negative breast can-
cer. J Natl Cancer Inst 1992; 84: 683-689

7. NIH Consensus Congress: Treatment of early-stage breast cancer.
JAMA 1991; 265: 391-395

8. Clark RM, Wilkinson RH, Mahoney LJ et al: Breast cancer: a 21
year experience with conservative surgery and radiation. Int J Ra-
diat Oncol Biol Phys 1982; 8: 967-979

9. Ribeiro GG, Dunn G: Conservation of the breast using two differ-
ent radiotherapy techniques: interim report of a clinical trial. Clin
Oncol 1990; 2: 27-34

10. Olivotto IA, Kim-Sing C, Doll C et al: Breast conservation: possi-
ble role for shorter fractionation [abstr]. Clin Invest Med 1992; 15
(suppl): 824

11. Priestman TJ, Bullimore JA, Godden TP et al: The Royal College
of Radiologists' fractionation survey. Clin Oncol 1989; 1: 39-46

12. Langlois D: A survey on breast conservation modalities in cancer
institutes. Bull Cancer (Paris) 1990; 77: 793-797

13. Solin U, Fowble BL, Martz KL et al: Results of the 1983 patterns
of care process survey for definitive breast radiation. Int J Radiat
Oncol Biol Phys 1991; 20: 1051-1111

14. Thames HD, Hendry JH: Normal tissue tolerance: time, dose,
fractionation. In Fractionation in Radiotherapy, Taylor & Fran-
cis, London, 1987: 218-237

15. Fowler JF: The linear-quadratic formula and progress in fraction-
ated radiotherapy. Br J Radiol 1989; 62: 679-694

16. Withers HR, Taylor JMG, Maciejewski B: The hazard of acceler-
ated tumor clonogen repopulation during radiotherapy. Acta On-
col 1988; 27: 131-146

17. Trott KR, Kummermehr J: Accelerated repopulation in tumors
and normal tissues. Radiother Oncol 1991; 22: 159-160

18. Denham JW, Sillar RW, Clark D: Boost dosage to the excision
site following conservative surgery for breast cancer: It's easy to
miss. Clin Oncol 1991; 3: 257-261

DOCTOR, DID YOU KNOW?

Podiatrists are on staff at major
teaching hospitals in the United
States. Examples are Harvard,
Stanford, The University of
Chicago, and the Mayo Clinic
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