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Background: Theory suggests the uptake of a medical innovation is influenced by
how potential adopters perceive innovation characteristics and by characteristics of
potential adopters. Innovation adoption is slow among the first 20% of individuals in
a target group and then accelerates. The Quality Initiative in Rectal Cancer (QIRC)
trial assessed if rectal cancer surgery outcomes could be improved through surgeon
participation in the QIRC strategy. We tested if traditional uptake of innovation con-
cepts applied to surgeons in the experimental arm of the trial.

Methods: The QIRC strategy included workshops, access to opinion leaders, intra-
operative demonstrations, postoperative questionnaires, and audit and feedback. For
intraoperative demonstrations, a participating surgeon invited an outside surgeon to
demonstrate optimal rectal surgery techniques. We used surgeon timing in a demon-
stration to differentiate early and late adopters of the QIRC strategy. Surgeons com-
pleted surveys on perceptions of the strategy and personal characteristics.

Results: Nineteen of 56 surgeons (34%) requested an operative demonstration on their
first case of rectal surgery. Early and late adopters had similar perceptions of the QIRC
strategy and similar characteristics. Late adopters were less likely than early adopters to
perceive an advantage for the surgical techniques promoted by the trial (p = 0.023).

Conclusion: Most traditional diffusion of innovation concepts did not apply to sur-
geons in the QIRC trial, with the exception of the importance of perceptions of com-
parative advantage.

Contexte : Selon une théorie, 2 facteurs influencent 'adoption de nouvelles pratiques
en médecine, soit la facon dont les adeptes potentiels percoivent les caractéristiques
novatrices et les caractéristiques propres aux adeptes potentiels eux-mémes. L’adop-
tion des nouvelles pratiques se fait lentement chez les premiers 20 % des individus
d’un groupe cible, puis va en s’accélérant. Létude QIRC (Quality Initiative in Rectal
Cancer) a voulu vérifier si la participation des chirurgiens a la stratégie QIRC pouvait
améliorer I'issue de la chirurgie pour cancer du rectum. Nous avons vérifié si les
modes habituels d'adoption des nouvelles pratiques s’appliquaient aux chirurgiens
dans le groupe expérimental de I’étude.

Méthodes : La stratégie QIRC incluait des ateliers, I’acces a des meneurs d’opinion,
des démonstrations peropératoires et des questionnaires postopératoires, suivis de
vérifications et de commentaires. Pour les démonstrations peropératoires, un
chirurgien participant invitait un chirurgien de Pextérieur a faire une démonstration
de techniques chirurgicales rectales optimales. Nous avons utilisé les délais d’adoption
des nouvelles pratiques par les chirurgiens pour faire ressortir la distinction entre les
adeptes précoces et tardifs de la stratégie QIRC. Les chirurgiens ont répondu a des
questionnaires sur leurs perceptions a 'endroit de la stratégie et sur leurs caractéris-
tiques personnelles.

Résultats : Dix-neuf chirurgiens sur 56 (34 %) ont demandé une démonstration
opératoire lors de leur premier cas de chirurgie rectale. Les adeptes précoces et tardifs
avaient des perceptions similaires de la stratégie QIRC et des caractéristiques person-
nelles similaires. Les adeptes tardifs étaient moins susceptibles que les adeptes préco-
ces de percevoir 'avantage des techniques chirurgicales préconisées dans le cadre de
Pétude (p = 0,023)

Conclusion : La plupart des modes habituels de diffusion des nouvelles pratiques ne
s’appliquaient pas aux chirurgiens de I'essai QIRC, a 'exception de I'importance des
perceptions a ’endroit des avantages comparatifs.
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esearchers suggest that the uptake of a medical

innovation depends on how potential adopters

perceive the characteristics of the innovation, the
characteristics of the potential adopters and contextual
factors that act as barriers or facilitators to the diffusion
of the innovation." Characteristics of an innovation that
can reportedly influence uptake (e.g., use of a new drug)
are comparative advantage, compatibility with adopter
values, complexity of use and ability to observe or trial
use of the innovation.”” Characteristics that can report-
edly differentiate early and late adopters, respectively,
include higher resource levels, a cosmopolitan nature,
higher education levels and a more positive attitude.*
Other research suggests that the rate of innovation adop-
tion is slow among the first 20% of individuals in a target
group and then accelerates.™ Figure 1 presents a typical
diffusion of innovation curve.’

There is a remarkable paucity of quantitative data sup-
porting the above concepts on clinical innovation adop-
tion in the medical realm. Most papers commenting on
the uptake of medical innovations are theoretical or rely
on survey or qualitative data.””"" Such studies do not cor-
relate survey or interview results with actual rates of
innovation uptake. We could find only 1 relevant medical
study with quantitative data that measured rates of uptake
of a medical innovation among individual physicians con-
currently with diffusion of innovation factors."

The Quality Initiative in Rectal Cancer (QIRC) trial
tested if patient outcomes could be improved at the hospital
level by encouraging surgeons to adopt the QIRC strategy."”
The QIRC strategy was designed to ensure that surgeons
provide high-quality total mesorectal excision surgery. Total
mesorectal excision is superior to traditional methods of
rectal surgery, but it is more technically challenging." The
QIRC strategy interventions included a workshop, access to
opinion leaders, intraoperative demonstrations, a postoper-
ative questionnaire, and audit and feedback.
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Fig. 1. Classic diffusion of an innovation curve.’
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While the QIRC trial was negative — results were simi-
lar in both arms of the trial — we tested if traditional uptake
of innovation concepts applied to surgeons in the experi-
mental arm of the trial. For experimental arm surgeons, we
used the timing of surgeon participation in an intraoperative
demonstration to differentiate early and late adopters of the
QIRC strategy. We assessed the rate of innovation uptake as
well as relevant surgeon perceptions and characteristics. In
accordance with traditional uptake of innovation concepts,
we hypothesized that uptake of the QIRC strategy would
accelerate only after 20% of surgeons had adopted the inno-
vation and that early and late adopters of the QIRC strategy
would have different perceptions and characteristics.

METHODS
The QIRC trial

We have reported the methods and primary results of the
QIRC trial previously ."" Briefly, we cluster-randomized
16 Ontario hospitals and their respective groups of sur-
geons to the QIRC strategy (i.e., 8 experimental arm sites
with 56 surgeons) versus no intervention (i.e., 8 control
arm sites with 49 surgeons). The primary study outcomes
were rates of permanent colostomy and local tumour
recurrence. The trial was closed after 1015 patients were
enrolled.

The QIRC strategy involved 5 interventions: workshops,
intraoperative demonstrations, access to opinion leaders,
postoperative questionnaires, and audit and feedback.
Workshops reviewed surgical techniques and principles of
quality improvement. During the workshops, participating
surgeons selected a local opinion leader using a validated
methodology.' For the intraoperative demonstrations, a
participating surgeon could invite another surgeon to the
operating room to demonstrate total mesorectal excision
techniques. The postoperative questionnaire was designed
to prompt surgeons to re-examine key intraoperative steps
of total mesorectal excision. Hospitals were the unit of
study randomization. It is thus important to emphasize that
individual surgeons in the experimental arm were free to
use any or none of the QIRC strategy interventions. In
addition, patients in control arm hospitals received no inter-
ventions, and thus data from this group are not relevant to
the current assessment of innovation uptake.

Study groups: defining early and late adopters of
the QIRC strategy in the intervention arm

For the 56 experimental arm surgeons, we used participa-
tion in an intraoperative demonstration to differentiate
early and late adopters of the QIRC strategy. While we
considered all 5 of the strategy interventions important,
we hypothesized that a request for an intraoperative
demonstration required the greatest change in traditional



practice. Such a demonstration involved the entry of an
outside surgeon (i.e., operative demonstrator) being
invited into the home operating theatre of a participating
surgeon. The participating surgeon and support staff in
the operating room would all be aware that the operative
demonstrator was in attendance to demonstrate a poten-
tially improved method of rectal surgery. By extension,
this raised the possibility that the provision of rectal
surgery to date by the respective surgeon could be per-
ceived as suboptimal. For statistical robustness, we decided
a priori that early and late adopters would be divided into
2 approximately equal-sized groups based on the timing of
requests for a demonstration.

Data sources

Study team notes and completion of patient accrual

The study team recorded surgeon consent rates, timing and
participation in workshops, intraoperative demonstrations
and completion of postoperative questionnaires. Data on
the number and timing of rectal cancer surgeries performed
by all surgeons and on the number and timing of requests
for an intraoperative demonstration were available.

Surgeon survey

At the completion of patient accrual, experimental arm sur-
geons were mailed a survey related to the QIRC trial. The
survey was pilot tested for readability and comprehensive-
ness by surgeons from hospitals not involved in the QIRC
trial. We used the Dillman method of repeated requests
to maximize survey response rates among surgeons.” Re-
spondents were given the option to identify themselves or
to remain anonymous. Subjective responses were scored on
a 5-point Likert scale.

Study end points

Participation rates

We calculated rates of consent and participation in work-
shops, postoperative questionnaires and operative demon-
strations. We measured rates of participation in the intra-
operative demonstrations overall (i.e., x% of surgeons
requested a demonstration) and by time (e.g., x% of sur-
geons requested a demonstration by their third case of
rectal cancer surgery). We did not measure participation
in the opinion leader or in the audit and feedback inter-
vention, since all sites selected an opinion leader and feed-
back was mailed to all surgeons.

Surgeon perceptions of total mesorectal excision
and the QIRC strategy

From the surveys, we gathered data on the following sur-
geon perceptions: 1) comparative advantage of total
mesorectal excision versus traditional techniques and of
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the QIRC strategy interventions versus other continuing
education initiatives, and of the surgical techniques pro-
moted by the QIRC strategy versus pretrial techniques; 2)
compatibility with values of total mesorectal excision with
a desire to cure patients; and 3) complexity of total meso-
rectal excision as a surgical technique and of participation
in the overall QIRC strategy and the intraoperative dem-
onstration intervention. These are the key perceptions
thought to drive adoption of innovation."™

Surgeon characteristics

We collected data on the following surgeon characteristics:
year of graduation; resource levels (i.e., hours of operating
room and endoscopy time); cosmopolitan nature (i.e., atten-
dance at regional and national or international surgical
meetings); willingness to adopt other surgical innovations
(i.e., laparoscopic surgery for colon surgery); and positive
attitude (i.e., attitude to health care in Ontario and the
direction of colorectal cancer surgery care in Ontario). Such
characteristics have been found in other areas to predict
rates of adoption of an innovation."**

Statistical analyses

We used descriptive and univariate (unadjusted) analyses of
study end points. We used the Mann—-Whitney U and
Fisher exact tests for continuous and categorical variables,
respectively. The criterion for statistical significance was set
at o = 0.05. Since these analyses were primarily exploratory
to generate hypotheses, we did not adjust the overall level
for multiple testing. Five-point Likert scale survey re-
sponses were categorized as negative (score of 1 or 2),
neutral (score of 3) or positive (score of 4 or 5) to assist with
interpretation and analyses. We performed sensitivity analy-
ses by repeating relevant analyses after excluding data from
surgeons who began working at study hospitals after the
initiation of the trial, since we surmised that such surgeons
would be less likely to participate in all aspects of the study.
All analyses were performed using SPSS version 16. The
Ethics Review Board of the Hamilton Health Sciences
Centre/McMaster University approved the protocol.

REesuLTs
Overall participation rates

The consent rate for the trial was 96 of 105 (91%) sur-
geons for both arms of the trial, and 51 of 56 (91%) and
45 of 49 (92%) in the experimental and control arms,
respectively. Consenting surgeons treated 97% of the
study population. At the 8 experimental arm sites, 39 of
56 (70%) surgeons attended a workshop, 40 of 56 (71%)
surgeons requested an operative demonstration, and 44 of
56 (79%) surgeons completed at least 1 postoperative
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questionnaire. The 40 surgeons who requested an opera-
tive demonstration treated 86% of the patients accrued in
the experimental arm.

Uptake of operative demonstrations and defining
early and late adopters of the QIRC strategy

The curve for uptake over time for the operative demon-
strations is presented in Figure 2. Nineteen of 56 (34%)
surgeons requested an operative demonstration on their
first case of rectal cancer surgery after site randomization.
By the fourth case (i.e., the fourth potential opportunity
for participation), 75% of surgeons had requested an oper-
ative demonstration, and by the tenth case the participa-
tion rate was 100%.

Among the 56 experimental arm surgeons, early adopt-
ers requested an operative demonstration on their first or
second case of rectal cancer surgery. Thus, late adopters
requested an operative demonstration only after their sec-
ond case of rectal cancer surgery or not at all. This fol-
lowed our a priori decision to create 2 approximately
equal-sized groups based on timing of participation in the
operative demonstration intervention. The resulting
27 early and 29 late adopters performed 52% and 48% of
all cases in the experimental arm, respectively.

Comparing early and late adopters of the QIRC strategy

QIRC strategy participation rates

For the 56 experimental arm surgeons, there were marked
differences in rates of participation for the 27 early versus
29 late adopters. The participation rates for early and late
adopters, respectively, were 100% and 83% (p = 0.024) for
trial consent, 89% and 52% (p = 0.003) for the workshops,
100% and 45% (p < 0.001) for intraoperative demonstra-
tions, and 89% and 69% (p = 0.07) for completion of a
postoperative questionnaire (Table 1).

Survey participation rates
Thirty-three of 56 (59%) surgeons returned a completed
survey, and 2 of them wished to remain anonymous. We

therefore compared survey results for 18 early and 13 late
adopters of the operative demonstration. These 31 surgeons
performed 65% of all experimental arm cases.

Perceptions of total mesorectal excision and the QIRC
strategy

There were few differences between early and late
adopters in their perceptions of total mesorectal excision
surgery or the QIRC strategy (Table 2). For comparative
advantage, 83% and 69% of early and late adopters,
respectively, rated the QIRC strategy as more effective
than other continuing medical education activities (p =
0.30), and 78% and 80%, respectively, perceived an advan-
tage of total mesorectal excision versus traditional surgical
techniques (p = 0.31). The 1 difference in perceived com-
parative advantage was that 18% and 62% of early and
late adopters, respectively, reported no improvement with
the techniques promoted in the QIRC trial versus the
respective surgeon’s pretrial techniques (p = 0.023). For
compatibility with values, 90% of respondents overall
indicated that total mesorectal excision was more compat-
ible than traditional techniques for achieving cure. For
complexity, 90% of surgeons found their personal involve-
ment in the QIRC trial to be not at all burdensome.
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Fig. 2. Curve for uptake over time for the operative demonstrations.

Table 1. Percentage of participation in QIRC strategy interventions for early and late

adopters
Early adopters, Late adopters,
Participation n=27 n=29 Overall p value
Provided written consent 100 83 91 0.024
Attended workshop 89 52 70 0.003
Operative demonstrations
Requested at least 1 100 45 71 < 0.001
Participated in at least 1 96 45 70 <0.001
Returned at least 1 postoperative 89 69 79 0.07
questionnaire
QIRC = Quality Initiative in Rectal Cancer trial.
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Table 2. Surgeon perceptions of total mesorectal excision and the QIRC strategy*

Early adopters, Late adopters,
Perception n=18 n=13 Overall p value
Comparative advantage
QIRC
QIRC strategy was more effective compared with other continuing medical education 83 69 77 0.41
initiatives
QIRC workshop was useful in presenting the principles and evidence for TME 89 83 87 >0.99
Opinion leader was useful in being the local ambassador for the study, providing 41 50 45 0.72
feedback regarding the QIRC trial, and providing assistance in completing operative
questionnaires.
Operative demonstration was effective in demonstrating TME techniquest 72 90 79 0.38
Postoperative questionnaire was effective in prompting surgeons to revisit key steps in 77 55 68 0.41
the intraoperative process of TME surgery
Audit and feedback was effective in encouraging surgeons to self-examine surgical 56 56 56 >0.99
decision-making or to request an operative demonstrationt
TME
Great advantage with TME over traditional techniques of rectal cancer surgery for
Aggressiveness of the oncologic resection 78 80 79 >0.99
Rates of sphincter preservation 65 64 64 >0.99
Rates of local recurrence 82 90 85 >0.99
Rates of distant recurrence 13 50 28 0.08
No improvement in TME surgery techniques compared with pre-trial surgery techniques 18 62 37 0.023
Compatibility with values
QIRC
The various aspects of the QIRC Trial were delivered in a supportive manner 94 85 90 0.56
Participation in an operative demonstration was a positive experiencet 89 90 89 >0.99
TME
TME is more compatible than traditional techniques in achieving cure 89 92 90 > 0.99
TME is more compatible than traditional techniques in preserving patient quality of life 67 92 77 0.19
Complexity
QIRC
My office staff found involvement in the QIRC trial not at all burdensome 72 85 77 0.67
| found my personal involvement in the QIRC trial not at all burdensome 94 85 90 0.56
The overall process of arranging and carrying out the demonstration went smoothlyt 88 90 89 >0.99
TME
TME rectal cancer surgery technique is more technically difficult than traditional 22 23 23 >0.99
techniques of rectal cancer surgery
QIRC = Quality Initiative in Rectal Cancer trial; TME = total mesorectal excision.
*Respondents answered using a 5-point Likert scale. Codes were collapsed for the analyses. Percentages based on positive responses (codes 1 and 2) versus neutral or negative
responses (codes 3, 4 and 5).
TPercentages based only on respondents who participated in at least 1 operative demonstration (early adopters n = 18; late adopters n = 10).
FPercentages based only on respondents who were aware of the audit and feedback report (early adopters n = 9; late adopters n = 9).

Table 3. Surgeon characteristics

Early adopters, Late adopters,
Characteristic n=18 n=13 Overall p value
Year of graduation, median 1984 1988 1984 0.13
Resources
Operating room hours per wk, median 10 9 10 0.26
Endoscopy hours per wk, median 4 4 4 0.73
Cosmopolitan nature
Annually attend 6-10 surgical conferences inside Ontario, % 28 31 29 0.46
Annually attend 1-5 surgical conferences outside Ontario, % 78 69 74 0.66
Other surgical innovations
Attempted or performed a laparoscopic colon resection for benign or malignant disease 56 62 58 0.74
in the last 12 months, %
Attitude*
Positive opinion on the current direction of the health care system in Ontario, % 11 23 16 0.37
Positive opinion on the current direction of colorectal cancer surgery in Ontario, % 56 85 68 0.09
*Respondents answered using a 5-point Likert scale. Codes were collapsed for the analyses. Percentages based on positive responses (codes 1 and 2) versus neutral or negative
responses (codes 3, 4 and 5).
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Surgeon characteristics

There were no differences between early and late adopters
in median year of graduation, resource levels (i.e., hours of
operating room and endoscopy time), cosmopolitan
nature (i.e., frequency of attendance at regional, national
or international meetings), willingness to adopt other sur-
gical innovations (i.e., laparoscopic surgery for colon
surgery) and positive attitude (i.e., attitude to health care
in Ontario and attitude to the direction of colorectal can-
cer surgery care in Ontario; Table 3). For example, 56%
and 62% of early and late adopters, respectively, had
attempted a laparoscopic colon resection (p = 0.74), while
56% and 85% had a positive opinion on the current direc-
tion of colorectal cancer surgery in Ontario.

Discussion

Our results from a substudy of a randomized surgical trial
do not support traditional diffusion of innovation con-
cepts. The rate of uptake of the operative demonstra-
tions — a proxy for the entire QRC strategy — occurred
more quickly than expected. Instead of uptake accelerat-
ing only after a 20% adoption rate threshold, a remark-
able 34% of surgeons requested a demonstration at the
first opportunity. In addition, early and late adopters had
similar perceptions of the QIRC strategy and similar sur-
geon characteristics. These observations, if corroborated
in other surgical areas, have important implications for
stakeholders interested in the appropriate uptake of sur-
gical innovations or new techniques. Overall, surgeons
should not be viewed as a source of resistance to innova-
tion uptake, and traditional characteristics differentiating
individual adoption patterns in other areas may not apply
to surgeons.

Early and late adopters of the operative demonstra-
tions had similar perceptions of the QIRC strategy and of
total mesorectal excision surgery, with 1 exception: late
adopters were more likely than early adopters to perceive
no advantage for the surgical techniques promoted by the
strategy compared with their pretrial techniques (62% v.
18%, p = 0.023). Early and late adopters did feel that total
mesorectal excision techniques were superior to tradi-
tional techniques. Thus, on average, late adopters likely
accepted the advantage of total mesorectal excision tech-
niques, but were confident they were already optimally
providing such techniques before the QIRC trial. It is
logical that late adopters of an innovation would perceive
relatively less advantage than early adopters for the tech-
niques promoted by the QIRC strategy. These findings
also mesh with those from a survey study of laparoscopic
surgeons in the Netherlands." Participants were asked to
provide responses on factors that influenced their adop-
tion of laparoscopic techniques for various procedures.
Additional benefit was the strongest predictor of uptake,
with technical factors playing a minor role.
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Of note, rates of local recurrence and permanent
colostomy — the primary outcomes of the QIRC trial —
did not vary between early and late adopters. This was
expected given similar outcomes in both arms of the over-
all QIRC trial; participation in the QIRC strategy did not
lead to improved patient outcomes; thus, one would not
expect that early or late adoption of a noneffective inter-
vention would result in improved patient outcomes.

Our findings on surgeon perceptions of the QIRC
strategy have implications for quality improvement
efforts.” We hypothesize that in the face of persistent
quality gaps stakeholders may wish to target clinician per-
ceptions of the comparative advantage of the intended
practice change. The production and effective presenta-
tion of high-quality evidence demonstrating the advan-
tage of specific practice changes may be an efficient initial
focus of quality improvement. As well, if clinicians per-
ceive a comparative advantage for a particular practice
and there is still slow adoption, then related quality gaps
should not be attributed to recalcitrant clinicians, but
rather to other barriers to optimal care.

Most research on factors driving the uptake of med-
ical innovations involves surveys or qualitative inter-
views.”"" Results are not correlated with the actual up-
take rate of an innovation, or quantitative data, as was
done in the present study. In the 1 study we could iden-
tify that measured diffusion rates among individual clin-
icians, the uptake of a new antibiotic (i.e., tetracycline)
among family physicians was rapid and followed a curve
remarkably similar to the uptake curve seen in the pre-
sent study.” Both studies provide limited evidence that
rapid medical practice change can occur. The paucity of
rigorous diffusion of innovation studies that contain
quantitative data precludes a conclusion that this is the
norm for adoption of clinical innovation. We encourage
related research.

Limitations

There are limitations to the present study. First, some may
not consider participation in an intraoperative demonstra-
tion as the uptake of a medical innovation. However,
as discussed, a request for an intraoperative demonstration
required a marked change in traditional surgeon practice
and was completely voluntary. In addition, our a priori
rules to identify early and late adopters based on timing
of an operative demonstration did result in 2 groups with
significantly different rates of participation in other parts
of the QIRC trial, including trial consent, attendance
at workshops and completion of postoperative question-
naires. Second, the study relied on data from a small num-
ber of surgeons and survey responses. But the hospitals
involved in the QIRC trial treat an estimated 25% of
all patients with rectal cancer in Ontario (population
13 million), and the 31 surgeons who completed study



surveys performed 65% of the cases in the experimental
arm.” Thus, survey responses likely represent perceptions
and characteristics among a large percentage of surgeons
treating rectal cancer patients in Ontario. As well, it is
important to reiterate that there is an incredible paucity
of quantitative data correlating the uptake of clinical
innovations with the personal characteristics or percep-
tions of the involved clinicians. Finally, we did not
account for multiple testing. But as discussed in the
Methods section, we considered the present study to be
mainly hypothesis-generating. We believe that sharing
our results with the wider community is important given
the current lack of quantitative data on the diffusion of
surgical innovations.

CONCLUSION

Overall, traditional diffusion of innovation concepts did
not apply to surgeons in the QIRC trial, with the excep-
tion of perceptions of comparative advantage. Our find-
ings should be quantitatively tested in other clinical areas
and among other physician groups.
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