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ABSTRACT

Background: Following surgery for rectal cancer, two unfor-
tunate outcomes for patients are permanent colostomy and
local recurrence of cancer. We tested whether a quality-
improvement strategy to change surgical practice would
improve these outcomes.

Methods: Sixteen hospitals were cluster-randomized to the
intervention (Quality Initiative in Rectal Cancer strategy) or
control (normal practice) arm. Consecutive patients with pri-
mary rectal cancer were accrued from May 2002 to Decem-
ber 2004. Surgeons at hospitals in the intervention arm
could voluntarily participate by attending workshops, using
opinion leaders, inviting a study team surgeon to demon-
strate optimal techniques of total mesorectal excision, com-
pleting postoperative questionnaires, and receiving audits
and feedback. Main outcome measures were hospital rates
of permanent colostomy and local recurrence of cancer.

Results: A total of 56 surgeons (n = 558 patients) partici-
pated in the intervention arm and 49 surgeons (n = 457
patients) in the control arm. The median follow-up of
patients was 3.6 years. In the intervention arm, 70% of
surgeons participated in workshops, 70% in intraoperative
demonstrations and 71% in postoperative questionnaires.
Surgeons who had an intraoperative demonstration pro-
vided care to 86% of the patients in the intervention arm.
The rates of permanent colostomy were 39% in the inter-
vention arm and 41% in the control arm (odds ratio [OR]
0.97, 95% confidence interval [CI] 0.63-1.48). The rates of
local recurrence were 7% in the intervention arm and 6%
in the control arm (OR 1.06, 95% Cl| 0.68-1.64).

Interpretation: Despite good participation by surgeons, the
resource-intense quality-improvement strategy did not
reduce hospital rates of permanent colostomy or local
recurrence compared with usual practice. (ClinicalTrials.gov
trial register no. NCT00182130.)

ollowing surgery for rectal cancer, two unfortunate out-
comes for patients are permanent colostomy and local
recurrence of the cancer. Local recurrence is especially
feared, because it is usually inoperable and patients can suffer
a slow, painful death.! The use of total mesorectal excision,
which involves dissection of the lymph node-bearing portion
of the rectum,? has resulted in improved outcomes, with local
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recurrence rates as low as 1%-5% and rates of permanent
colostomy of 10%—-15%.*¢ Population-based rates of local re-
currence are unavailable for any North American jurisdiction,
although a Canadian hospital series found that rates varied from
10% to 45% based on the practice volume and training of sur-
geons.” A surgical report on health regions in the province of
Ontario (population 13 million) found that rates of permanent
colostomy varied from 31% to 41%.® This geographic variation
in outcomes, together with rates of inferior outcomes as com-
pared to outcomes specific to total mesorectal excision, suggest
that gaps exist in the quality of rectal surgery provided to
patients with rectal cancer.

Quality-improvement strategies for encouraging physicians
to change practice include continuing medical education, the
use of opinion leaders, and audit and feedback.*** As well, im-
provement may be enhanced by using a participatory and sup-
portive approach that focuses on the system and not on indi-
vidual practitioners.’>* The small number of studies that have
evaluated changes in surgeons’ practices often have targeted
process measures, such as preoperative ordering of antibiotics,
rather than patient outcomes, such as recurrence of cancer.*

We tested whether use of a surgeon-directed quality-im-
provement strategy would improve hospital rates of permanent
colostomy and local recurrence of cancer among patients un-
dergoing surgery for rectal cancer. We used the Quality Initiative
in Rectal Cancer (QIRC) strategy, which integrates quality-
improvement interventions and principles to encourage surgeons
to provide optimal total mesorectal excision to patients with
rectal cancer.*®
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Methods
Participants

Hospitals

The protocol for this cluster-randomized trial at the hospital
level has been described previously.’” We selected hospitals in
the province of Ontario with an annual volume of 15 or more
major resections for rectal cancer. We identified 33 such hospitals
using administrative data from Apr. 1, 2000, to Mar. 31, 2001.
Sample-size calculations indicated the need for 16 sites. Hospitals
were eligible if at least 60% of the surgeons at the hospital
agreed to participate in the trial and the hospital’s research ethics
board approved the study. For the first 18 hospitals approached,
nearly all surgeons consented to participate and the research
ethics boards at 16 hospitals approved the study (Figure 1). At
the two other hospitals, the research ethics board required indi-
vidual patient consent, a provision that countered the method-
ologic requirement for consecutive accrual of patients.”” Because
hospitals were our unit of analysis, consecutive patients had to
be included to prevent potential selection bias by surgeons (e.g.,
excluding patients with difficult tumours perceived to be at
high-risk of negative outcomes). This precluded approaching
patients for consent or data on the main outcomes.

Patients

Patients were eligible if they underwent major rectal surgery
(i.e., partial or complete segmental resection of the rectum with
or without an anastamosis) because of a diagnosis of primary
rectal cancer. We defined rectal cancer as a tumour within 15
cm of the anal verge located by means of rigid sigmoidoscopy,
or a tumour at or below the level of the sacral promontory seen
during surgery. This ensured the inclusion of patients who
would potentially benefit from total mesorectal excision.

Intervention

The QIRC strategy consisted of five surgeon-directed compo-
nents: workshops, the use of opinion leaders, intraoperative
demonstrations, postoperative questionnaires, and audit and feed-
back. Workshops preceded other interventions at participating
hospitals. Workshop topics included techniques of total mesorec-
tal excision and quality improvement. At each workshop, partic-
ipating surgeons selected an opinion leader for their hospital
using a validated approach.® The opinion leader acted as a local
resource person on issues pertinent to the study. For intraoperative
demonstrations, participating surgeons invited a study team sur-
geon to assist them with a patient’s rectal cancer surgery. The
intent was for the invited surgeon to demonstrate optimal tech-
niques of total mesorectal excision. Demonstrators were recog-
nized experts in total mesorectal excision, although participating
surgeons retained full control over decision-making. A postop-
erative questionnaire was designed to prompt surgeons to re-ex-
amine key steps in total mesorectal excision. For audit and feed-
back, data (e.g., rates of permanent colostomy) were provided to
individual surgeons for their own results and those of their hospital.

Participating surgeons at hospitals in the control arm received
no interventions. The onus was on individual surgeons to obtain
new knowledge or skills for any aspect of care they provided.
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Outcome measures

The two main outcome measures were hospital rates of perma-

nent colostomy and local recurrence of cancer.

Itis usually known at the time of surgery whether a person has
received a permanent colostomy. However, when patients received
a potentially temporary stoma, 12 months was allowed for stoma
closure. An anastomosis of the rectum had to be functioning
for three months to be considered a nonpermanent colostomy.

Local recurrence of cancer was defined as a tumour that re-
curred in the pelvis.**” Most, although not all, local recurrences
manifest within two years after surgery.* We thus followed all
patients in the trial for at least 30 months.

Hospitals in Ontario with annual
volume of > 15 major resections
for rectal cancer
n =33

Excluded n=9

e Participated in pilot
study n=3

e Laparoscopic techniques
used for rectal surgery in
most patients n=2

¢ Surgeons at the site were
involved in trial as experts

Y

Hospitals available for inclusion
in the study
n=24

in rectal surgery n=4

Y

Excluded n=8

* Not approached because
sample size reached n=6

¢ Did not meet one eligiblity
criterion (hospital’s
research ethics board did
not approve study)* n=2

Hospitals included in trial
n=16

®

v

Intervention arm

n=8

(558 patients)

v

v

Control arm
n=8
(457 patients)

v

Participated in QIRC strategy

e Workshops

e Use of opinion leaders

e Intraoperative
demonstrations

® Postoperative
questionnaires

¢ Audit and feedback

Usual practice
(onus is on individual
surgeons to obtain new
knowledge or skills for
any aspect of care
provided)

Figure 1: Selection of hospitals for cluster-randomized trial of the
Quality Initiative in Rectal Cancer (QIRC) strategy to improve out-
comes of patients undergoing major resection for rectal cancer.
*Eligibility criteria: >60% of surgeons at the hospital consented
to participate, and the hospital’s research ethics board approved
the study. R = randomization.
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Sample size

We calculated the intraclass correlation coefficient for perma-
nent colostomy using administrative data for Ontario hospitals
for the years 1997 to 1999 (intracluster correlation = 0.04).** A
conservative spectrum of intraclass correlation coefficients were
used for local recurrence of cancer. Coefficients were integrated
into the sample-size calculations.”* Alpha was set at 0.05, and
B was set at 0.2. We assumed a clinically important change
would consist of a decrease in the baseline rate of permanent
colostomy from 30% to 15%. For local recurrence, we assumed
rates would decrease from a conservative estimate of 20% to
8%. This latter change drove our sample-size requirements. To
detect this difference with confidence, a minimum of eight hos-
pitals and 336 patients in each study arm were required.

Randomization

Because surgeons in Ontario rarely perform surgery for rectal
cancer at more than one hospital, we used a cluster-randomized
design at the hospital level to minimize the chances of contam-
ination among surgeons and patients in the control arm. A study
statistician (C.H.G.) generated and administered a blocked 1:1
allocation arrangement for randomization of the 16 study hos-
pitals. Surgeons were not blinded to group assignment, since
those in the intervention group had to actively engage in the
QIRC strategy.

Data collection

Methods for accrual of patients included telephone calls to sur-
geons’ offices, review of booking logs for operating rooms and
review of hospital health records. Data were collected using
standard forms. Hospital charts were reviewed within two weeks
after surgery and every three months thereafter. Charts from
regional cancer centres in the province were reviewed to opti-
mize the collection of data on adjuvant treatments (e.g., radiation
therapy and chemotherapy) and study outcomes. In Ontario,
all radiation therapy and most chemotherapy is delivered at a
small number of regional cancer centres. Data were collected
for at least 30 months.

Statistical analysis
All analyses were done on an intention-to-treat basis. We
compared study arms with respect to potential covariates
using descriptive statistics. These included patient charac-
teristics (age, sex and comorbidities), tumour-related vari-
ables (size, tumour-nodes-metastisis [TNM] stage, presence
of lymphatic vascular or neural invasion, grade, height of
tumour from anal verge, and radial margin status) and treat-
ment-related variables (use of radiation or chemotherapy).
For local recurrence, analyses also included type of final
procedure (low anterior resection or permanent colostomy).
Methods of analyses included consideration of the cluster-
randomization trial design, adjustment for covariates and mul-
tiple imputation to handle missing data.*** We used general-
ized estimating equations (GEE) assuming an exchangeable
correlation structure to assess the treatment effect on perma-
nent colostomy.? For time to local recurrence, we used sur-
vival analysis techniques for clustered data based on the sand-
wich (covariance matrix) estimator.? If a study event was not
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identified for a patient, they were assumed to be event-free at
the time of study closure for the survival analyses. We did
not include a chemotherapy covariate in our multivariable
models because of marked correlation in the use of radiation
therapy and chemotherapy. To assess the sensitivity of our
inferences, all models were re-run without imputing missing
values; the results remained robust. We also did an exploratory
analysis of cases in the experimental arm that did and did not
have an operative demonstrator in attendance. For all tests,
we used an o value of 0.05 for the level of significance. The
results are reported as odds ratios (ORs) or hazard ratios
(HRs) with 95% confidence intervals (ClIs).

Table 1: Baseline patient, tumour and process-of-care
characteristics, by trial arm

Trial arm; no. (%) of patients*

Intervention Control

Characteristic n =558 n =457
Hospitals, no. (%) 8 (50.0) 8 (50.0)
Surgeons, no. (%) 56 (53.3) 49 (46.7)
Patient
Age, yr, median (IQR) 69.0 (60.0-77.0) 68.0 (60.0-76.0)
Sex, male 339 (60.8) 293 (64.1)
Comorbidities

0 410 (73.5) 346 (75.7)

1 114 (20.4) 91 (19.9)

>2 34 (6.1) 20 (4.4)
Tumour
Size, cm, median (IQR) 4.0 (3.0-5.0) 4.0 (3.0-5.0)
TNM stage

1 134 (24.0) 121 (26.5)

2 128 (22.9) 121 (26.5)

3 205 (36.7) 125 (27.4)

4 59 (10.6) 53 (11.6)

Unable to stage 32 (5.7) 37 (8.1)
Histologic grade

Well differentiated 50 (9.0) 37 (8.1)

Moderately differentiated 432 (77.4) 318 (69.6)

Poorly differentiated 32 (5.7) 50 (10.9)

Missing 44 (7.9) 52 (11.0)
Vascular, lymphatic or 146 (26.2) 134 (29.3)

neural invasion

Distance of tumour from
anal verge, cm, median (IQR)

10.0 (5.0-13.0) 10.0 (5.0-15.0)

Process of care

No. of lymph nodes 10 (7.0-14.0) 10 (6.5-16.0)
examined, median (IQR)

Positive circumferential 41 (7.3) 44 (9.6)
radial margint

Preoperative radiation 87 (15.6) 43 (9.4)
Postoperative radiation 107 (19.2) 89 (19.5)
Preoperative chemotherapy 64 (11.5) 40 (8.8)
Postoperative chemotherapy 201 (36.0) 159 (34.8)

Note: IQR = interquartile range, TNM = tumour-nodes-metastasis.
*Unless stated otherwise.
tPositive circumferential radial margin = distance < Tmm
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Ethics

The study was conducted according to appropriate ethics guide-
lines.® The Research Ethics Board of Hamilton Health Sciences
and the Faculty of Health Sciences, McMaster University, ap-
proved the study protocol, as did the research ethics boards at the
participating hospitals and regional cancer centres.

Results

Participants

The trial involved 56 surgeons working at the eight hospitals
in the intervention arm, and 49 surgeons at the eight hospitals
in the control arm. We accrued 1015 patients (558 in the inter-
vention arm and 457 in the control arm) from May 15, 2002, to
Dec. 10, 2004 (Figure 1). Participation in the trial was high (96
[91%] of the 105 surgeons), with five nonconsenting surgeons
in the intervention arm and four in the control arm). We included
both patients treated by consenting surgeons and those treated
by nonconsenting surgeons.

At the intervention sites, 39 (70%) of the 56 surgeons at-
tended a workshop, 39 (70%) participated in at least one intra-
operative demonstration, and 40 (71%) completed at least one
postoperative questionnaire. Surgeons who took part in an op-
erative demonstration provided care to 86% of the patients.
Audit results and feedback were mailed to all consenting sur-
geons in the intervention arm.

Table 2: Rates and odds of permanent colostomy and local
recurrence of cancer among patients, by trial arm

Trial arm; no. (%) of patients

Intra-class
Intervention Control correlation
Outcome n =558 n =457 OR* (95%Cl) coefficient
Permanent colostomy
Procedure at
initial surgery
Permanent 146 (26.2) 132 (28.9)
colostomy
Hartmann's 20 (3.6) 27 (5.9)
resection
Low anterior 101 (18.1) 46 (10.1)
resection with
ileostomy
Low anterior 291 (52.2) 252 (55.1)
resection
Final procedure 218 (39.1) 185 (40.5) 0.97 (0.63-1.48) 0.029
— permanent
colostomy
Local recurrence
Definitet 20 (3.6) 20 (4.4)
Probablet 16 (2.9 7 (1.5)
Possible§ 0 (0.0) 2 (0.4)
Any 36 (6.5) 29 (6.4) 1.06(0.68-1.64) -0.003

Note: CI = confidence interval, OR = odds ratio.

*Generalized estimating equation (GEE) models considered clustering of
data at hospital level.

tPositive histologic result from pelvic mass.

$Pelvic mass with any sign (hydronephrosis, invasion of pelvic structures or
bleeding) or symptom (deteriorating sexual, bladder or bowel function; or
persistent or worsening lower back, perineal or sciatic pain).

§Any symptom of probable recurrence, as described above.
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Charts from the study hospitals and regional cancer centres
were reviewed to the end of 2007 for patients in both arms.
Median follow-up of patients was 3.6 years. The two arms of
the trial were evenly matched on most of the patient and tumour
characteristics (Table 1).

Permanent colostomy and local recurrence of cancer

The rate of permanent colostomy was 39% in the intervention
arm and 41% in the control arm (OR 0.97, 95% CI 0.63-1.48).
The rate of local recurrence was 7% in the intervention arm and
6% in the control arm (OR 1.06, 95% CI 0.68-1.64) (Table 2).
A Kaplan—Meier curve of time to local recurrence is presented
in Appendix 1 (available at www.cmaj.ca/cgi/content/full/cmaj
.091883/DC1). There was no significant difference in time to
local recurrence between the study arms.

In the multivariable analyses, the odds of a permanent
colostomy did not differ significantly between the intervention
and control arms (OR 0.70, 95% CI 0.38-1.30) (Appendix 2,
available at www.cmaj.ca/cgi/content/full/cmaj.091883/DC1).
As expected, various factors increased the odds of a permanent
colostomy, including male sex, older age, higher comorbidity
score, the use of preoperative radiation, positive circumferential
radial margin and closer distance to the anal verge. The hazard
of local recurrence was not statistically different between the
intervention and control arms (HR 0.96, 95% CI 0.61-1.52)
(Table 3). Results of the analyses were similar when missing
data were not imputed, with the exception that use of preoperative
radiation was no longer a risk factor for permanent colostomy.

In the intervention arm, the median distance of the tumour
from the anal verge was 6 cm among patients whose surgeon had
an intraoperative demonstration, as compared with 10 cm among
those whose surgeon did not have an intraoperative demonstration
(p <0.001) (Appendix 3, available at www.cmaj.ca/cgi/content
/full/cmaj.091883/DC1). Participating surgeons possibly invited
operative demonstrators for patients whose tumour was closer to
the anal verge and who thus were more likely to require a
colostomy. Nevertheless, the rate of any colostomy at initial
surgery in the intervention arm was slightly lower for both cases
with a demonstrator (22%) and those without a demonstrator
(31%), although the difference was not significant (p = 0.06).

Interpretation

Voluntary participation of surgeons in our trial was high (91%).
Perhaps the most challenging part of the intervention was in-
traoperative demonstrations; yet 70% of the surgeons in the in-
tervention arm invited an operative demonstrator, and these
surgeons provided care to 86% of the patients in the intervention
group. We expected our resource-intense strategy to improve
patient outcomes. In a qualitative study, surgeons in the inter-
vention arm uniformly reported that the QIRC strategy had led
to improvements in the quality of their rectal surgery.* As well,
a pilot study using before—after analyses showed a marked im-
provement in patient outcomes when surgery was provided by
surgeons who participated in the QIRC strategy, but not among
nonparticipating surgeons.*® However, in our current trial, use
of the QIRC strategy did not lower hospital rates of permanent
colostomy and local recurrence of cancer. Of interest, in the
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intervention arm, results were similar among surgeons when
we grouped them by different practice volumes or degrees of
participation in the components of the QIRC strategy.

Our findings also suggest that care in the intervention arm
—and by extension care in the control arm — was suboptimal.
In an exploratory analysis in the intervention arm, the median
distance from the tumour to the anal verge was closer among
patients whose surgeon worked with an operative demonstrator
than among those whose surgeon did not have an intraoperative
demonstration (6 cm v. 10 cm). Despite this, there was a lower
colostomy rate at initial surgery and at final surgery (about 5%
lower) in the group that had a demonstration, although these
differences did not reach statistical significance. As well, the
rates of permanent colostomy in the intervention (39%) and
control arms (41%) were much higher than those seen in units
that self-identify as practising total mesorectal excision.** Rates
of local recurrence at 6%, although encouraging in comparison
to results from other jurisdictions, likely could have been even
lower. In a multicentre randomized trial by Sebag-Montefiore
and colleagues, “good” mesorectal excision surgery and pre-
operative radiation led to a rate of local recurrence of only 1%.°

Limitations

Our study has limitations. First, we could not measure the sur-
geons’ baseline or intra-trial quality of surgery. There are no
validated tools that can determine whether a surgeon is pro-
viding high-quality total mesorectal excision surgery. Second,
participating surgeons were not asked to do specific follow-
up tests for local recurrence; thus, some local recurrences may
have been missed. However, patient symptoms related to a

Table 3: Clustered survival analysis to assess factors associated
with time to local recurrence of tumour*

Factor HR (95% ClI)
Intervention arm (v. control arm) 0.96 (0.61-1.52)
Sex, male (v. female) 1.01 (0.60-1.70)
Age, per 10-year increase 1.01 (0.75-1.37)
Comorbidities (v. none)

1 0.84 (0.48-1.45)

>2 0.91 (0.39-2.12)
Tumour size, per 1-cm increase 1.10 (1.00-1.20)
TNM stage (v. stage 1)

2 1.30 (0.54-3.12)

3 1.36 (0.57-3.25)

4 1.47 (0.49-4.36)
Histologic grade (v. poorly differentiated)

Moderately differentiated 1.10 (0.47-2.58)

Well differentiated 0.84 (0.30-2.37)
Vascular, lymphatic or neural invasion (v. none) 0.86 (0.48-1.57)
Positive circumferential radial margint 2.02 (0.70-5.83)
(v. negative margin)
Any use of radiation (v. no use) 1.38 (0.82-2.33)
Low anterior resection (v. permanent colostomy) 0.82 (0.56-1.19)

Note: Cl = confidence interval, HR = hazard ratio.
*Model considered clustering of data at hospital level.
tPositive circumferential radial margin = distance < Tmm.
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local recurrence rapidly result in hospital-based tests or a re-
ferral to a regional cancer centre for assessment by a radiation
or medical oncologist. Third, with a median follow-up of 3.6
years, local recurrence will likely occur in a small number of
patients after completion of the trial. But it is unlikely that the
number will skew to one of the trial arms. Finally, our results
may not be generalizable. But the participating surgeons in
our trial provide care for about 25% of all patients with rectal
cancer in Ontario.? Thus, our findings probably apply to other
surgical settings in North America.

Conclusion

It is a paradox that the quality of medical care improves over
time, and can even do so very rapidly,” yet explicit efforts to
accelerate such improvement or to close identified gaps in qual-
ity are often met with frustration.?” Although the high partici-
pation rate by surgeons in our study runs counter to the as-
sumption that clinicians are reluctant to consider changes in
practice, our negative trial results add to a growing number of
studies showing a relative inability to quickly close quality
gaps. These findings should encourage the design and appro-
priate evaluation of new quality-improvement methods.?*
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