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Association between waiting time for
radiotherapy after surgery for early-stage
breast cancer and survival outcomes in
Ontario: a population-based outcomes study
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ABSTRACT

Background After surgery for early-stage breast cancer (Bca), adjuvant radiotherapy (rT) decreases the risk of
locoregional recurrence and death from Bca. It is unclear whether delays to the initiation of adjuvant rT are associated
with inferior survival outcomes.

Methods This population-based retrospective cohort study included a random sample of 25% of all women with
stage 1 or 11 BCa treated with adjuvant rRT in Ontario between 1 September 2001 and 31 August 2002, when, because
of capacity issues, wait times for radiation were abnormally long. Pathology reports were manually abstracted and
deterministically linked to population-level administrative databases to obtain information about recurrence
and survival outcomes. Cox proportional hazards modelling was used to evaluate the association between waiting
time and survival outcomes. A composite survival outcome was used to ensure that all possible measurable harms
of delay would be captured. The composite outcome, event-free survival, included locoregional recurrence, develop-
ment of metastatic disease, and Bca-specific mortality.

Results Weidentified 1028 women with stage1or 11Bca who were treated with breast-conserving surgery and adjuvant
RT. For the 599 women who were treated with adjuvant radiation without intervening chemotherapy, a waiting time
of 12 weeks or more from surgery to the start of radiation appeared to be associated with worse event-free survival
after a median follow-up of 7.2 years (hazard ratio for the composite outcome: 1.44; 95% confidence interval: 0.98
to 2.11; p=0.07). For the 429 women who received intervening adjuvant chemotherapy, a waiting time of 6 weeks or
more from completion of chemotherapy to start of radiation was associated with worse event-free survival after a
median follow-up of 7.4 years (hazard ratio: 1.50; 95% confidence interval: 1.00 to 2.22; p = 0.047).

Conclusions Delay to the initiation of adjuvant Rt after breast-conserving surgery is associated with inferior Bca
survival outcomes. The good prognosis for patients with early-stage Bcalimits the statistical power to detect an effect
of delay to RrT. Given that there is no plausible advantage to delay, we agree with Mackillop that time to initiation of
RT should be kept “as short as reasonably achievable.”

Key Words Radiation oncology, time to treatment, health services research, population-based cancer outcomes,
care delivery, real-world evidence
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INTRODUCTION indications for RT, demand for RT continued to increase,
and in turn, so did waiting times?3. By 2001, median wait-
The potential harm of waiting for radiotherapy (rT) in On- ing times for RT in Ontario exceeded 6 weeks, with delays
tario was first heralded back in 1994!. However, because greater than 3 months being not uncommon3-°. Although
of the rising incidence of cancer and the discovery of new such delays have been considered unacceptable to radiation
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oncologists? and patients* alike, their effect on clinical
outcomes remains controversial, with studies producing
mixed results®17,

The effect on clinical outcomes of time to initiation of
RT has never been evaluated in a randomized controlled
trial. Such a trial would be unethical, because there is no
plausible advantage to delayed Rt. The prolonged waiting
times that occurred in Ontario provide a natural cohort of
patients through which the population-level effect of delays
to RT initiation can be evaluated.

The derivation of the original patient cohort, based on
retrospective data, and the description of waiting times was
originally published in 2006°. The present study prospec-
tively followed that cohort of patients to report on long-term
survival outcomes associated with delays to RT initiation.

METHODS

Study Population and Data Sources

The original study population consisted of a 25% random
sample of all patients with breast cancer (Bca) in the prov-
ince of Ontario who received RT after lumpectomy between
1 September 2001 and 31 August 2002. To create ahomoge-
nous cohortwith respect to survival outcomes, we excluded
patients with stages 111 and 1v BCa.

To create the cohort, eligible patients were identified
directly from lists provided by all of the cancer centres pro-
viding RTin Ontario and by Cancer Care Ontario. Original
healthrecords were abstracted to obtain sociodemographic
data, pathology, staging, date of surgery or biopsy, and dates
of key events in the RT process (consultation, simulation,
firsttreatment). The information obtained from the origin-
al health records was then deterministically linked using
unique encoded patient identifiers to population-level ad-
ministrative databases housed at ICES. The Ontario Health
Insurance Plan database provided information about dates
of chemotherapy administration. The Canadian Institute
for Health Information and its Discharge Abstract Database
provided information about salvage surgeries, diagnoses
oflocal recurrence, and diagnoses of new metastasis. The
Registered Persons Database provided information about
date of death and postal code of residence, which was then
linked to Statistics Canada census data to obtain each pa-
tient’s neighbourhood income. Information about cause
of death was obtained from the Ontario Cancer Registry
and from vital statistics recorded by Ontario’s Office of the
Registrar General.

Definition of Waiting Times and Outcomes

For patients who did not receive adjuvant chemotherapy
after surgical resection, the waiting time was measured as
the interval from the date of last surgery or biopsy to the
date of firstRT treatment; a prolonged waiting time was pre-
defined as 12 weeks or more. For the subset of patients with
BCa who received adjuvant chemotherapy between their
surgery and radiation, waiting time was measured from the
date of thelast chemotherapy administration to the date of
firstRT treatment; a prolonged waiting time was predefined
as 6 weeks or more. The cut-offs for prolonged waiting time
were chosen because they represented both the median
waiting times identified in the original derivation of the
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cohort and because they are consistent with the upper
limit of therecommended timeframe in which rr should be
delivered®81819 Delay was also evaluated as a continuous
measure per 1 week of waiting time.

The primary composite outcome was evidence of lo-
coregional recurrence, diagnosis of metastatic disease, or
BCa-specific mortality. A composite outcome was used to
ensure that all possible measurable harms of delay in RT
initiation would be captured and to minimize the impact
of competing risks. The individual components included
in the composite outcome were selected based on the
demonstrated survival benefits of timely RT?0.

Statistical Analysis

Patient demographics and cancer stage were compared for
patients with short and with prolonged waiting times, using
chi-square tests for categorical variables and ¢-tests for con-
tinuous variables. Multivariable Cox proportional hazards
modelling was used to evaluate the association between
waiting time and survival outcomes. Covariates included
in the model were age, income quintile, and disease stage.
Hormone receptor status and hormonal treatment had not
been collected in the derivation cohort, and we were there-
fore unable to include those known prognostic factorsin the
model. Composite outcome rates were estimated using the
Kaplan-Meier method. The log-rank test was used to com-
paresurvivalin the waiting-time groups. All analyses were
stratified by receipt of adjuvant chemotherapy. All p values
are two-sided, with statistical significance set at p < 0.05.
Statistical analyses were performed using the SAS software
application (version 9.4: SAS Institute, Cary, NC, U.S.A.).

Ethics Approval

For the original descriptive derivation cohort, ethics re-
view and approval was obtained from the Sunnybrook and
Women’s College Health Sciences Centre and from each RT
facility in Ontario. For the outcomes analysis, ethics review
and approval was obtained from the Toronto Academic
Health Sciences Network Board of Record.

RESULTS

Study Population
In the original derivation cohort, 1271 women with Bca
received RT between 1 September 2001 and 31 August 2002
in Ontario. After the exclusion of women with stage 111 or v
BCa (n = 121), survival outcome follow-up data were avail-
able for 1028 women.

Of those 1028 women, 599 (58%) received adjuvant
RT alone after surgical resection (Table 1). Median waiting
time to RT was 12 weeks (interquartile range: 9-15 weeks).
Advancingage (p=0.009) was the only covariate significantly
associated with waiting 12 or more weeks for rT after surgical
resection. After a median follow-up of 7.2 years, a waiting
time of 12 or more weeks was associated with worse event-
free survival in a multivariable analysis [hazard ratio (HR):
1.44;95% confidence interval (c1): 0.98 to 2.11; p=0.07]. Un-
adjusted and adjusted event rates are presented in Tables 11
and 11 respectively. Waiting time was also analyzed as a
continuous variable, resulting in a Hr of 1.04 (95% cr1: 1.00 to
1.08; p=0.05). Figure 1(A) presents the Kaplan-Meier curves.
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TABLEI Baseline characteristics of breast cancer patients with short and long waiting times for radiotherapy, by use of intervening adjuvant chemotherapy

Variable Intervening adjuvant chemotherapy
No Yes
Waiting time p Waiting time
<12 Weeks >12 Weeks Overall Value <12 Weeks >12 Weeks Overall Value
(n=314) (n=285) (n=599) (n=275) (n=154) (n=429)
Mean age (years) 61.93+£11.73  64.48+11.94 63.14+11.89 0.009 52.17+10.54  53.46+10.01 52.64+10.36 0.218
Socioeconomic status 0.399 0.153
[n (%]
1 42 (55) 35 (45) 77 29 (52) 27 (48) 56
2 58 (48) 63 (52) 121 40 (63) 23 (37) 63
3 49 (48) 54 (53) 103 49 (58) 35 (42) 84
4 63 (58) 45 (42) 108 56 (70) 24 (30) 80
5 67 (57) 50 (43) 117 59 (71) 24 (29) 83
Stage [n (%)] 0.388 0.02
| 242 (53) 211 (47) 453 88 (73) 33 (27) 121
Il 72 (49) 74 (51) 146 187 (61) 121 (39) 308
TABLE 1l  Unadjusted event rates® for patients with short and long TABLE 1l Adjusted hazard ratios (HRs) for the primary composite
waiting times for radiotherapy and no intervening adjuvant chemotherapy outcome in patients with short and long waiting times for radiotherapy?
R and no intervening adjuvant chemotherapy
Event Waiting time [n (%)] P
12 Weeks 12 Weeks Value Parameter Comparator HR 95% ClI p Value
(n=314) (n=285) Long waiting  Short waiting 1.44 0.98 to 2.11 0.07
None 266 (85) 227 (80) 0.264 time time
Desils <6 62 Age Per 10 years 1.138 0.96 to 1.35 0.14
Metastasis 31 (10) 31 (1) Stage Il Stage | 1469 0.97t02.23 0.07
Local recurrence <15 21 (7) ® =12 Weeks or >12 weeks.

2 Per policy at ICES, all small cells must be suppressed to prevent
patient re-identification. Any results with counts between 1 and 5
are therefore reported as <5.

The remaining 429 women (42%) received adjuvant
chemotherapy before rt (Table 1). Their median waiting
time to RT was 5 weeks (25%-75% interquartile range: 4-7
weeks). Disease stage (p = 0.02) was the only covariate
significantly associated with a waiting time of 6 or more
weeks for rRT after completion of chemotherapy. After a
median follow-up of 7.4 years, a waiting time of 6 or more
weeks was associated with worse event-free survival in a
multivariable analysis (HR: 1.50; 95% cI: 1.00 to 2.22; p =
0.047). Unadjusted and adjusted event rates are presented
in Tables 1v and v respectively. Waiting time was also ana-
lyzed as a continuous variable (HR: 1.01;95% c1: 0.97 to 1.05;
p=0.58). Figure 1(B) presents the Kaplan-Meier curves.

DISCUSSION

Radiotherapy is an integral component of multidisciplin-
ary care for patients with Bca. Randomized trials have
consistently shown that adjuvant Rt is associated with
reductions in local recurrence and Bca-specific mortality
after surgery for early-stage Bca?’. Because all the major
randomized trials that established the efficacy of adjuvant
rTmandated that treatment be initiated within 6-12 weeks

Cl = confidence interval.

after surgery?'-23, there is little evidence to understand its
efficacy, or lack thereof, when initiated beyond those time-
lines?425, Qur large prospective population-based study
of women with early-stage Bca in Ontario demonstrates
that prolonged waiting times for adjuvant rT appear to be
associated with inferior Bca outcomes. The fact that sta-
tistical significance was not achieved in the present study
likely reflects the good overall prognosis for women with
early-stage BCa, resulting in lack of statistical power rather
than lack of a true association. Despite a median 7.3 years
of follow-up in the present study, 80% of patients did not
experience an adverse survival event, therebylimiting the
statistical power to detect a differential treatment effect.
Consideration of the effect estimates and cis, together with
the totality of prior evidence, supports the conclusion that
delays to RrT are associated with inferior Bca outcomes.

The present study adds to a growing body of literature
examining the outcomes associated with delays to RT initi-
ation. The available literature consists of studies evaluating
heterogeneous patient populations, using disparate defin-
itions of delay, and evaluating multiple different endpoints,
making it difficult to clearly establish the association be-
tween delay to RT and survival outcomes and, accordingly,
to establish safe evidence-based waiting-time benchmarks.
Attempts to overcome those limitations have come in the
form of meta-analyses.
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FIGURE 1 Survival probability after radiotherapy for breast cancer patients who (A) did not receive adjuvant chemotherapy and (B) did receive

adjuvant chemotherapy.

TABLEIV  Unadjusted eventrates® for patients with short and long waiting
times for radiotherapy and with intervening adjuvant chemotherapy

Event Waiting time [n (%)] P
<6 Weeks >6 Weeks dalles
(n=275) (n=154)
None 219 (80) 110 (71) 0.15
Death <6 <6
Metastasis 36 (13) 26 (17)
Local recurrence <15 16 (10)

2 Per policy at ICES, all small cells must be suppressed to prevent
patient re-identification. Any results with counts between 1 and 5
are therefore reported as <5.

In 2008, Chen et al.% performed a systematic re-
view and meta-analysis to evaluate the association
between waiting time to RT and survival outcomes. The
meta-analysis concluded that delays to Rt for early-stage
BCa were associated with decrements in local control for
patients with Bca (HR per 4 weeks of delay: 1.11; 95% cr:
1.04 to 1.19). However, thatresult was driven mainly by an
increasedrisk oflocal recurrence in patients who received
intervening adjuvant chemotherapy (HR per 4 weeks of
delay, no adjuvant chemotherapy: 1.11; 95% c1: 0.94 to 1.33;
HR per 4 weeks of delay, received adjuvant chemotherapy:
1.11; 95% cr1: 1.03 to 1.19).

There are several potential problems with perform-
ing a combined analysis of patients who did and did not
receive intervening adjuvant chemotherapy in this type
of meta-analysis:

The patients treated with adjuvant chemotherapy
would almost certainly have had higher-risk and
more aggressive disease and might therefore have
been more likely to experience recurrence regardless
of waiting time.

Chenetal. defined “waiting time” as the interval from
surgery to RT, without consideration of time spent
receiving intervening chemotherapy—a problematic
approach because the analysis would therefore include

TABLE V Adjusted hazard ratios (HRs) for the primary composite
outcome in patients with short and long waiting times for radiotherapy?
and with intervening adjuvant chemotherapy

Parameter Comparator HR 95% CI p Value

1.00 to 2.22 0.047

Long waiting ~ Short waiting 1.50

time time
Age Per 10 years 1.01 0.83 to 1.23 0.94
Stage Il Stage | 1.68 1.01t0 2.78 0.04

a <6 weeks > 6 weeks
Cl= confidence interval.

delays to RT of up to 9 months, which would act as
strong outliers in the subsequent analysis.

Because the meta-analytic technique used by Chen
et al. relied on the assumption of a log-linear relationship
between waiting time and recurrence, it is possible that
the relationship does not hold when extending to such
long time intervals.

In 2016, the meta-analysis was updated to include
eighteen more studies, and it similarly found that every
4 weeks of waiting time for rRT was associated with an 8%
relative increase in the risk of locoregional recurrence?®.

The impact of intervening adjuvant chemotherapy on
the relationship between time to RT and outcomes is worth
considering further. The optimal sequencing and timing of
adjuvant treatments for early-stage BCa has been a topic of
considerable historical controversy?%. Based mainly on the
results of a two small randomized trials, current practice
is commonly to sequence adjuvant chemotherapy before
RT in patients deemed to be at sufficient risk of distant
metastasis based on their clinical or genomic profile (or
both)?22728 1 ,ong-term follow-up from the two major ad-
juvantsequencing studies demonstrated no differences in
the rates of distant and local recurrence?”28. Most earlier
studies evaluating the potential harm of delay to rT have
used, as a definition of waiting time, the interval from sur-
gery to RT. However, when the decision has been made to
proceed with chemotherapy, the interval between surgery
and rrwill be dictated largely by the duration of the chosen
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chemotherapyregimen®. We feel that, in this circumstance,
the interval between last chemotherapy administration
and start of radiation is more relevant to the clinician and
patient. The amount of time spent waiting for RT during
that time interval, while the patient is not receiving any
form of adjuvant treatment, is the interval prone to delays
from system-level issues such as delayed referrals and is
therefore potentially modifiable!4.

Considerable theoretical evidence supports the con-
cept that timely rT could be important, summarized pre-
viously by Mackillop?*. Apart from potential decrements
in survival, delay can adversely affect patients by necessi-
tating larger RT fields and therefore potentially increasing
the toxicity of treatment. Finally, the potential effect on
the mental well-being and health-related quality of life for
patients and their families of waiting for medically neces-
sary treatment can never be discounted.

Although the effect of delays to RT on the foregoing
important patient-centred outcomes has not been ad-
equately studied before, Canadians have consistently
identified waiting too long for care as the largest barrier to
accessing health care in Canada?%3%. Furthermore, there
is evidence that the existence of a longer waiting list can
actually deter referrals for radiation that is otherwise in-
dicated3. Therefore, although our study did not identify a
statistically significant association between waiting time
to RT and survival outcomes, given that prolonged delays
to treatment offer no plausible advantage, we agree with
Mackillop that time to rRT should be kept “as short as rea-
sonably achievable”?4.

The major limitation of the present study, as for
all previous analyses evaluating the effect of delays on
survival outcomes, is that the results are based on non-
randomized observational data. Baseline differences
in the balance of prognostic factors, comorbidities, and
postoperative complications might therefore confound
the relationship between waiting time for RT and survival
outcomes. Furthermore, in the inception cohort, baseline
information about hormone receptor status or adjuvant
hormonal treatments was not collected—factors that are
recognized to be associated with improved rates of local
recurrence and overall survival independent of the effect
of rT3!. Likewise, we lacked information about RT doses
and completion rates, and whether boost radiation was
applied to the tumour bed. Finally, despite alarge sample
size and amedian follow-up of 7.3 years, the low event rates
limited the power to identify a statistically significant dif-
ference between waiting-time groups. That consideration
is supported by the high Hrs for the composite survival
outcome (seen whether the patients were treated with or
without chemotherapy), together with the wide cis and
borderline p values

CONCLUSIONS

Our study demonstrates that prolonged waiting times to
RT appear to be associated with inferior survival outcomes
for patients with early-stage Bca. Given that there is no
plausible advantage to delay, we agree with Mackillop
that that time to RT initiation should be kept “as short as
reasonably achievable.”
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