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Objectives: The aim of this study was to examine potential reasons why the use of breast
conserving surgery (BCS) for breast cancer varies substantially between hospital teams
in England, and in particular to examine whether colleague influence has a role in
influencing BCS rates locally.
Methods: Routinely collected Hospital Episode Statistics (HES) data relating to 420
surgical teams in England who performed more than ten breast cancer operations during
the financial year 2006/07 were used to identify predictors of team BCS use. Team BCS
rates (as a proportion of all types of breast excision surgery) were subject to a regression
analysis that incorporated, as independent variables, a range of patient, organizational,
and local demographic factors, as well as the BCS rate of colleagues working alongside
them in the same hospitals(s).
Results: After adjusting for the effects of other variables, BCS use by colleagues working
in the same hospital(s) was a significant predictor of a team’s own BCS rate (standardized
b = 0.224; p < .001), denoting a typical 3 percent increase in a team’s BCS rate for every
10 percent increase in the BCS rate of colleagues.
Conclusions: The practice of colleagues seems to have a measurable influence upon a
surgical team’s BCS usage. Guidance from HTA organizations can set national standards
about the use of new techniques and innovations, but dissemination can be either slowed
down or accelerated by the influence of local colleagues. A strategy of disseminating
guidance through professional networks or “local champions” could be a powerful avenue
for change.

Keywords: Diffusion of innovation, Information dissemination, Breast neoplasms,
Breast-conserving surgery, Practice guideline

No external sources of funding were received for this research. The authors do not have any financial interests, relationships, or affiliations relevant to the
subject matter of this manuscript.

156

https://doi.org/10.1017/S0266462310000061 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462310000061


Colleague influence on breast surgery choice

For many women with early stage breast cancer, breast con-
serving surgery followed by radiotherapy is an alternative
to total mastectomy and has comparable survival rates (12).
Given a choice between the two, some women may choose a
total mastectomy because it makes them feel safer, because
it decreases the risk of further surgery, or because they may
want to avoid radiotherapy (22), but patients treated by BCS
have on average better psychosocial outcomes (37).

The UK’s National Institute for Health and Clinical Ex-
cellence (NICE) recommended in 2002 (28) that breast can-
cer patients should be fully informed of all available treat-
ment options. This recommendation was made partially in
response to previously observed variation in BCS rates be-
tween English hospitals, ranging very substantially between
20 percent and 80 percent. More recently, the first annual re-
port of the National Mastectomy and Breast Reconstruction
Audit in 2008 (29) noted that there was still considerable
variation between hospitals in the United Kingdom, reiter-
ating concerns raised by other recent commentators (7;12).
Guidelines by the Association of Breast Surgery at BASO
(British Association of Surgical Oncology) (5) also empha-
size informed choice for the patient and choosing surgery of
sufficient magnitude to prevent local recurrence.

For many interventions appraised by healthcare tech-
nology assessment organizations (such as NICE) a “diffu-
sion” process of the intervention into clinical practice and
among networks or communities of practitioners may have
been initiated before the time that technology assessment
was undertaken. For example, the use of implantable car-
dioverter defibrillators was already increasing when NICE
recommended them (35), as was the use of pimecrolimus
and tacrolimus for atopic eczema (23). Local variation in
diffusion processes could in part explain the variation in
BCS use between hospital teams, over and above the range
of clinical or organizational factors already known to cause
variation in BCS use (such as patient and tumor factors,
and variation in aspects of local health service provision,
such as ease of access to radiotherapy for example) (1,18).
A surgeon’s own attitude toward BCS treatment protocols
might be influenced by training or through personal and
professional contact with peers, through socialization and
networking, and this hypothesis merits further scrutiny. Pre-
vious studies suggest that clinicians often prefer personal
recommendations from colleagues or clinic networks over
other sources of information about new medical technolo-
gies and practices (27), and that clinician networks are a
powerful means of spreading best practice and innovation
(33).

We, therefore, aimed to examine the influence of per-
sonal and professional contacts between surgeons on the use
of BCS. Detailed data on personal and professional contacts
between clinicians are almost impossible to gather on a na-
tional level, and, therefore, a proxy measure for professional
socialization and networking was developed by looking at
teams working at the same hospital site or sites.

METHODS

Data

Hospital Episode Statistics (HES) records relating to Na-
tional Health Service (NHS) hospital admissions in the whole
of England (39) were analyzed to identify inpatient episodes
in women with a main diagnosis of malignant neoplasm of
breast (ICD-10 code C50) or carcinoma in situ (D05) dur-
ing a 12-month period between 1 March 2006 and 30 April
2007, which included mastectomy (OPCS 4 code: B27) or
breast conserving surgery (OPCS 4 code: B28) anywhere
in the HES procedure fields. Male patients with breast can-
cer were not included in the analysis because their expected
treatment pathway would be different. The HES anonymized
consultant team code was used to identify activity related to
individual surgical (“consultant”) teams. In this report the
term “surgical team” is used to describe the team of an NHS
hospital consultant (in this instance, a specialist breast sur-
geon) including his/her trainees, along with associated staff.

For each surgical team, a ratio expressing the proportion
of BCS in relation to all breast cancer surgery that the team
performed during the study period was calculated. Teams
performing less than ten breast cancer operations during the
study period were excluded from the analysis, to avoid ex-
treme BCS use ratios caused by small patient numbers. A
small number of patient episodes that included both breast
conserving surgery and full mastectomy were also excluded
from the calculation of the consultant team BCS ratios.

Colleague Influence Variable

A surrogate measure of colleague influence was constructed,
focusing on current (during the study year) connections with
surgical teams they worked alongside in one or more hospi-
tals during the study period. This variable was constructed
using a three-stage process. First, the hospital site codes listed
in HES records were used to create an inventory listing every
hospital site that each individual consultant team had worked
in during 2006/07 (some teams had worked in more than one
hospital sites). If the hospital site code in HES was missing
or miscoded, we used the code of the relevant NHS Hospital
Trust (a UK term generally referring to the administrative
entity of either a single main hospital or a main hospital
with subsidiary site) listed on the HES system, and carried
out Internet research to determine at which specific hospital
site surgeons employed by these hospital trusts performed
breast cancer surgery. Some hospital premises referred to in
the inventory had an affiliation with, or were located in close
proximity to another hospital. It was not always clear what
constituted a separate hospital “site.” Hospital site plans and
road maps were examined, and two sites were recorded as
a single site only if one was completely contained within
the grounds of another, or if their sites were contiguous or
separated by a single public road. From the initial inventory,
a list was created of teams that had worked alongside each
other at one or more hospital sites during 2006/07. Finally,
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to measure the overall level of BCS use that each team was
“exposed” to by their colleague teams, the mean BCS rate of
their colleague teams was calculated, and became the main
variable of interest in this study.

Other Analysis Variables

There are several factors already known to cause variation
in BCS use (1;9;10;17;18;20;21;26;40;41), and these needed
to be taken into account in the analysis. Many of the fac-
tors listed in previous literature relate to local patient demo-
graphic characteristics and particular aspects of local health
service provision. A surgical team would be subject to the
same local patient demographic and local health service char-
acteristics as the teams working alongside them in the same
hospital or hospitals. The effect of these other factors could,
therefore, provide an alternative explanation as to why the
BCS usage rates in a given locality were similar, confound-
ing the potential effect of colleague teams. Only by includ-
ing these factors in the regression as independent variables
can such potential confounding be controlled for. The full
list of variables for the present study, how they were op-
erationalized, and references substantiating the choice are
described in Supplementary Table 1, which appears online
(www.journals.cambridge.org/thc2010012).

Almost all of the variables included in the analysis were
suggested as independent predictors of BCS rates by previous
literature, but there were three exceptions, these being (i)
the proportion of a consultant team’s breast cancer surgery
patients with a previous hospital admission with a diagnosis
of breast cancer (C50) or breast carcinoma in situ (D05)
during a period starting more than 60 days before the index
admission; (ii) the proportion of a consultant team’s breast
cancer surgery patients with prior BCS surgery; and (iii)
the proportion of a consultant team’s breast cancer surgery
patients with prior total mastectomy.

In all cases, these three variables were calculated using
the fullest extent of usable HES historic data, which extends
back to April 1997. These variables were used, because in
preliminary testing they were all found to be independent
predictors of BCS usage by consultant teams.

It would have been ideal if we could adjust our analysis
for cancer stage at diagnosis, but unfortunately stage infor-
mation is not recorded in the HES system. Nevertheless, as a
separate measure of differences in disease severity case-mix,
we calculated, for each surgical team, the proportion of their
breast cancer surgery patients with just a diagnosis of carci-
noma in situ (D05), as opposed to those with a diagnosis of
breast cancer (C50).

Hierarchical (blockwise entry) linear regression was
used to specifically isolate the impact of the colleague team
influence variable, with all other independent variables being
entered into the regression first. Regression diagnostics were
performed to confirm the reliability of the analysis, checking
for multicollinearity and heteroscedasticity.

RESULTS

Dataset

The extracted HES data included 37,510 relevant patient
episodes relating to 610 different consultant teams. Of these,
178 teams (who managed a total of 479 breast cancer-related
episodes) were excluded because they performed ten or fewer
breast surgery operations during the study year. Twelve other
teams were also excluded because they did not work at any
site with at least one other consultant team doing more than
ten breast operations a year. The BCS rate for the remaining
420 consultant teams varied between 0.0 percent and 93.8
percent of all breast surgery operations, and the average of
their colleague teams’ BCS rates varied from 0.0 percent to
82.0 percent.

Each consultant team worked at an average of 1.27 dif-
ferent hospital sites, and had an average of 2.42 colleague
teams with more than ten breast cancer operations a year that
worked alongside them at their hospital(s). Each hospital site
had on average 2.1 consultant teams that carried out breast
surgery operations at some time during the 2006/07 year.

Regression

Table 1 presents the results of the regression analysis. After
adjusting for the effect of other factors in step 2 of the re-
gression, the mean BCS rate of colleague teams significantly
predicted BCS use by a consultant team, with a standard-
ized beta of 0.224 (p < .001). This result suggests that, if a
team’s consultant teams increased (or decreased) their BCS
rate by 10 percent on average, the index team’s own rate, all
other things being equal, would be expected to increase (or
decrease) by approximately 3 percent.

Without the colleague influence variable (step 1), the
adjusted R-squared value of the regression model was 0.504,
and with it, the adjusted R-squared value was raised to 0.549.
The change in the R-squared is significant (F Change =
41.915; p < .001), suggesting that colleague influence ap-
pears to be a meaningful independent explanatory factor for
a team’s BCS rate.

As for the other independent variables, Table 1 indicates
that after taking into account colleague influence (step 2 of
the regression) many other variables included in the regres-
sion were significantly associated with BCS usage. More
specifically, teams who specialized in breast cancer, or who
had higher volume of breast surgery were more likely to have
a high BCS rate. Higher BCS usage was also associated with
lower patient comorbidity [calculated as the average of their
patients’ Charlson Comorbidity Index (8;31) scores]. Teams
having higher proportions of patients with prior hospital ad-
mission (i.e., at least 60 days before) for breast cancer or
carcinoma in situ were statistically less likely to have a high
BCS rate. Having a high portion of patients with previous
BCS was statistically associated with the team having a high
BCS rate.

158 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 26:2, 2010

https://doi.org/10.1017/S0266462310000061 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462310000061


Colleague influence on breast surgery choice

Table 1. Association Between Patient, Tumor and Organisational Variables (Including Practice of Colleague Surgical Teams)
and Breast Conserving Surgery Ratea

Standardized beta (β) Standardized beta (β)
Step 1 –without colleague Step 2 – with colleague

Variable influence influence

(1) Surgical team characteristics
Team’s breast surgery workload – total cases in a year 0.172∗∗∗ 0.167∗∗∗

Team’s breast cancer specialization – the proportion of the team’s
patients with breast cancer or carcinoma in situ as primary
diagnosis – for the 2006/07 year

0.094∗ 0.104∗∗

(2) Patient and disease characteristics
Age of breast cancer patients – proportion of the team’s patients

under 50
−0.158∗∗ −0.087

Patient comorbidity – average score of the team’s breast cancer
surgery patients using the comorbidity index of Charlson et al. (8)

−0.101∗∗ −0.106∗∗

Severity – proportion of a team’s breast cancer patients with
carcinoma in situ only

−0.099∗ −0.094∗

(3) Hospital or health service factors
Incidence rate of immediate breast reconstruction – the proportion of

each team’s mastectomy episodes which featured immediate or
near immediate breast reconstruction surgery (i.e. during the same
hospital episode)

−0.350∗∗∗ −0.349∗∗∗

Proportion of patients of breast cancer screening age – proportion of
the team’s patients who were aged 50 to 70 (the age range of the
screening programme for England)

0.104∗∗ 0.136∗

Local radiotherapy availability – an estimate based on weighted
average for each team of the average number of radiotherapy
machines per 100,000 people available in the areas where the team
drew their patients from, using data from the UK National
Radiotherapy Equipment Survey 2007 (38)

0.130∗∗∗ 0.102∗∗

(4) Community and sociodemographic factors
Patient socioeconomic status – the proportion of a team’s breast

cancer surgery patients who lived in areas rated in fifth highest
wealth band – measured using the Income Deprivation Domain
subscale of the Index of Multiple Deprivation (IMD) for England

0.173∗∗∗ 0.143∗∗∗

Patient ethnic minority status – the proportion of a team’s breast
cancer patients who are non-white

0.141∗∗ 0.119∗∗

(5) Additional patient history variables
Breast cancer admission more than 60 days prior – the proportion of a

team’s breast cancer surgery patients with prior hospital treatment
for breast cancer or carcinoma in situ, which took place more than
60 days before present episode

−0.204∗∗∗ −0.196∗∗∗

Prior BCS – the proportion of a team’s breast cancer surgery patients
with prior BCS surgery

0.157∗∗∗ 0.129∗∗

Prior mastectomy – the proportion of a team’s breast cancer surgery
patients with prior full mastectomy

−0.058 −0.058

(6) Colleague influence
Colleague team BCS rate – Mean level of BCS use by all other teams

who worked at the same site or sites as the team in the 2006/07 year
— 0.224∗∗∗

aR2 = .504 for Step 1; �R2 = .045 for Step 2 (p < .001). ∗p <.05; ∗∗p < .01; ∗∗∗p < .001.

Local hospital or health service factors also predicted
BCS usage: a higher rate was significantly associated with
higher local availability of radiotherapy, and a higher pro-
portion of patients in the age groups covered by the En-
glish breast cancer screening program. Conversely, higher
incidence of immediate breast reconstruction (measured as
reconstruction happening during the same hospital episode)
was a very strong negative predictor of BCS surgery. Fi-

nally, the sociodemographic profile of the local population
appeared to have an association with type of breast surgery. A
more affluent patient population was associated with higher
BCS rate. Higher BCS rate was also associated with a higher
proportion of non-white patients.

Finally, BCS use was inversely correlated with the
proportion of carcinoma in situ–only patients, suggesting
that patients with tumor of uncertain behavior (i.e., not
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necessarily malignant) were more likely to be treated with
total mastectomy. This result is both counterintuitive, and
discordant with previous research (18). In further analysis,
we identified a systematic coding difference in the propor-
tion of patients diagnosed with carcinoma in situ between
urban and rural hospitals (data not shown), which we believe
reflects differential coding practices. Therefore, the observed
association is likely to be confounded by other variables, and
to be spurious.

DISCUSSION

These findings appear to confirm that the clinical practice of
consultant teams is influenced by the practices of teams who
work alongside them at the same hospital site(s), and that
this effect can be detected using routinely collected data.

As well as studies that examine diffusion of medical
innovation at the level of whole hospitals (24;32), there
has been both quantitative (2;3;6;36) and qualitative re-
search (14;15) into the role of clinician-to-clinician con-
tacts. However, social influence issues have never been
examined before with respect to BCS use among clini-
cians, with the exception of research by Fedeli et al. into
the role of clinicians in larger hospitals acting as “early
adopters” of the technique (13), and the work of Lazovich
et al. (25) who tracked the national growth of the popular-
ity of BCS in the United States after a consensus develop-
ment conference on the issue. Different HTA organizations
have initiated clinical “ambassador” or “fellow” schemes
that aim to increase awareness of healthcare technology ap-
praisal recommendations among practitioners, such as the
Swedish Council on Technology Assessment in Health Care
(SBU) “Ambassador“ program (34), or NICE’s own Fellow-
ship scheme, announced in October 2009 (http://www.nice.
org.uk/getinvolved/nicefellowsandscholars.jsp).

Two limitations of our study deserve particular com-
ment. First, measurement of the effects of professional so-
cialization and networking through a common location is
limited and our analysis has focused only on colleagues who
worked alongside other consultant teams during a single year.
It was not possible to measure any previous (longitudinal or
historical) colleague influence, or the influence originating
outside these sites, for example the effects of formal regional
clinical (cancer) networks. The methodology assumes that
teams who work in the same hospital have some professional
socialization, even if there might be little contact between
teams. In addition, the mean BCS rate of a team’s “colleague
teams” is intended as a crude overall measure of profes-
sional peer-influence, but measuring it using a simple mean
across all of a team’s colleague teams assumes that all these
separate colleague teams exert equal influence on the index
team.

The second limitation is that, although we examined
the potential influence of many different patient, disease,
sociodemographic, and healthcare factors on BCS rate, it re-

mains possible that the observed association with colleague
team BCS rate may in fact be confounded by another, not
accounted for variable or variables. This could include some
unidentified aspect or aspects of local patient sociodemo-
graphics, or it could be an artifact of local health service
provision, for example regional clustering of BCS expertise
in relatively high volume “centers of excellence”. Repeating
the analysis by excluding those consultant teams in “high
volume” hospital centers (defined, for example, as those in
the top quartile of activity), or adjusting for hospital-level
BCS volume, could serve as sensitivity analysis to examine
the potential effect of hospital type or BCS volume on the ob-
served “networking” effect. We plan to conduct this analysis
in the future.

We found that a high rate of immediate reconstruction
following mastectomy by a surgical team has a strong nega-
tive correlation with BCS use by the same team. How should
this relationship be understood? One interpretation is that
the reconstruction rate calculated for this analysis can be
viewed as a measure of reconstruction availability. Possibly
this is justified, given that rates of immediate reconstruction
vary greatly between different parts of England, and that
rates overall are much lower than they could be (29). Low
rates in a given area could, for example, reflect shortage of
skills or resources for reconstruction procedures. The rela-
tionship could, therefore, be interpreted as suggesting that
wider availability of immediate reconstruction from a pa-
tient’s surgical team may lower the threshold of acceptability
by women for more extensive breast surgery—a tendency
suggested by the qualitative study of Collins et al. (9). An
alternative interpretation is that the immediate reconstruction
rate is not a measure of availability, and that surgeons skilled
in breast reconstruction surgery may have a bias toward rec-
ommending relatively more extensive surgery. This finding
should perhaps motivate qualitative research to examine these
two hypotheses in more depth. A third possibility is that the
case load of teams with expertise in breast reconstruction is
“skewed” toward more advanced cancers typically requiring
total mastectomy. In any case, the low overall rate in absolute
terms of immediate reconstruction means that the incidence
rate of immediate reconstruction alone is not responsible for
most of the observed variation in BCS rates.

There is also substantial variation in local availability of
radiotherapy in England (7;30). Variation was also found in
the present study which calculated, for each consultant team,
an appropriately weighted average number of radiotherapy
machines available locally per 100,000 people. Unsurpris-
ingly, given the necessity of radiotherapy following BCS,
a low average number of local radiotherapy machines was
associated with lower use of BCS. Shortages or longer wait-
ing times for radiotherapy may dissuade both clinicians and
patients from BCS use and toward more extensive breast
surgery—trading this off against the inconvenience of re-
peated travel to sometimes distant hospitals, as supported by
previous non–UK-based research (1;18).
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The present study found that having a high proportion of
non-white patients was significantly associated with higher
BCS usage. Conflicting findings have been found in non-UK
research about the relationship between BCS use and ethnic
minority status. Our finding may be because ethnic minority
populations tend to reside in urban areas in the UK (11), and,
therefore, have a higher likelihood of being treated by larger,
more specialized teaching hospitals that may act as centers of
excellence for innovation diffusion (16;19), and which also
may have easy access to radiotherapy. This can be further
examined empirically in future studies.

The findings concord with previous research, supporting
a positive association between surgical team BCS rate and the
following: volume of activity, team specialization, proportion
of screening-detected cancers, lower patient comorbidity, and
higher average patient wealth.

In the longer-term, training of new breast surgeons in the
United Kingdom has changed significantly over recent years,
and this may probably impact on BCS use and on the clinical
outcomes. Recent guidance on oncoplastic breast surgery by
the Association of Breast Surgery at BASO (4) could also
influence BCS rate practice in the future.

Two possible future avenues for investigation include:
first, searching for colleague influence effects in the use of
other medical techniques; and second, in developing this
methodology to try and detect the effects of individual team-
to-team knowledge and practice transfer over a period of
time.

CONCLUSIONS

At a surgical team level, much apparent variation can be
explained by examination of patient demographic and dis-
ease characteristics, but also, contextual factors includ-
ing working alongside other teams in the same hospital
site(s).

Consideration of colleague influence is important for
HTA organizations who seek to influence clinical practice.
More than factual reasoning is needed to change practice,
if local colleague judgment seems to be trusted as a source
of information, independently of the existence guidance is-
sued by a national body. The other side of the coin, how-
ever, is that network influences could potentially be useful
for fostering diffusion of practice. National HTA organiza-
tions, as well as local health service managers might con-
sider exploring in more detail the use of both formal and
informal practitioner networks as a method of disseminating
guidance.
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