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Abstract Administrative data may provide valuable
information for monitoring the quality of care at population
level and offer an efficient way of gathering data on indi-
vidual patterns of care, and also to shed light on
inequalities in access to appropriate medical care. The aim
of the study was to investigate the role of patient and
hospital characteristics in the initial treatment of early
breast cancer using administrative data. Incident breast
cancer patients were identified from hospital discharge
records and linked to the radiotherapy outpatient database
during 2000-2004 in the Piedmont region of Northwestern
Italy. Women treated with breast-conserving surgery fol-
lowed by radiotherapy (BCS + RT) were compared to
those treated with BCS without radiotherapy (BCS w/o RT)
or mastectomy using multinomial logistic regression
models. Out of 16,022 incident cases, 46.2% received
BCS + RT, 20.3% received BCS w/o RT, and 33.5%
received a mastectomy. Compared to BCS 4 RT, the
factors associated with BCS w/o RT were: increased age
(OR = 1.54; 95% CI = 1.29-1.85, for ages 70-79 vs.
<50), being unmarried (1.24; 1.13-1.36), presence of
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co-morbidities (1.32; 1.10-1.58), being treated at hospitals
with low surgical volume (1.31; 1.07-1.60 for hospitals
with less than 50 vs. >150 interventions/year), and living
far from radiotherapy facilities (1.75; 1.39-2.20 for those at
a distance of >45 min). These same factors were also
associated with mastectomy. During the 5-year period
observed, there was a trend of reduced probability of
receiving a mastectomy (0.70; 0.56-0.88 for 2004 vs.
2000). The presence or absence of nodal involvement was
positively associated with mastectomy (2.28; 1.83-2.85)
and negatively associated with BCS w/o RT (0.65; 0.56—
0.76). After adjustment for potential confounders, educa-
tion level did not show any association with the type of
treatment. Social and geographical factors, in addition to
hospital specialization, should be considered to reduce
inappropriateness of care for breast cancer.

Keywords Breast surgery - Administrative data -
Radiotherapy - Inequalities heath care

Introduction

Monitoring the quality of care at a population level using
administrative data may offer several opportunities for
improvement [1]. In particular, these data can provide
useful information if key services are over- or under-used
and if the linkage between different databases may lead to
an efficient way of gathering data on individual patterns of
care [2]. These data can also shed light on inequalities in
access to appropriate medical care.

In the Piedmont region of Northwestern Italy (popula-
tion 4.25 million), the development and implementation of
evidence-based clinical practice guidelines for most com-
mon cancers, including breast cancer [3], were tracked by
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an evaluation project to assess adherence with key rec-
ommendations. Breast cancer has one of the most extensive
scientific literatures on quality of care [4] and has dem-
onstrated an association between pattern of care and
outcome [5]. In the case of early breast cancer, it is well
known that, though conservative surgery followed by
radiation therapy leads to survival rates similar to those
provided by total mastectomy, quality of life outcomes are
much better [6, 7]. Due to underrepresentation of elderly
women and those with co-morbidities in RCTs, however,
the risk/benefit balance of adjuvant radiotherapy after BCS
is less clear as age increases. Therefore, a patient-inclusive
decision among the treatment options is strongly recom-
mended whenever possible by practice guidelines. It is also
known that adherence to guidelines is often far from
optimal and that several patient and health care charac-
teristics may impair full implementation of these key
recommendations [8].

The aim of our population-based study was to identify
potential sources of variability in the primary treatment of
breast cancer, with particular attention to time trends and to
geographical, social, clinical, and hospital characteristics,
using a validated monitoring system based on administra-
tive databases.

Methods
Studied population

Incident breast cancer cases were identified in the regional
resident population from the Piedmont Health Information
System from January 1, 2000, to December 31, 2004.

All hospital discharge records (HDR), with a surgical
Diagnosis Related Group and a code for breast cancer
(International classification of diseases 9th revision—clin-
ical modification, ICD9-CM) of 174, or in situ carcinoma
of the breast, 233.0, in any position, were identified
(n = 18,014). A small number of patients without a valid
fiscal identification number were excluded (n = 50).

Prevalent cases (those having previous hospital admis-
sions with any breast cancer code from 1995 on) were
excluded from the analysis (n = 976). Patients with distant
metastases at diagnosis (n = 966) were also excluded.
Incident early breast cancer cases were then linked to the
RT outpatient record database. All record linkages relied
on the fiscal identification number.

Endpoints
The primary endpoint of the study is the type of initial

treatment. Incident cases were classified, according to the
initial treatment, into three groups: (a) Breast Conserving

@ Springer

Surgery (ICD9-CM: 85.2, 85.20-85.25, 85.12) followed
within 9 months by radiation therapy (BCS 4+ RT,
n = 7,403); (b) BCS without radiation therapy (BCS w/o
RT, n = 3,252); and c¢) mastectomy (ICD9-CM: 85.33—
85.49, n = 5,367).

Patients undergoing a second surgical procedure within
5 months of the first operation (n = 1,303) were consid-
ered in the analysis according to the most recent type of
treatment.

The BCS + RT group has been defined as women who
underwent BCS with a subsequent adjuvant radiation
therapy (RT) within 9 months after surgery. They were
used as a common reference group with whom to compare
the BCS w/o RT and mastectomy groups.

Exploratory subgroup analyses (by age, co-morbidity,
and marital status) were performed to assess the presence
of possible effect modifications.

Since the caseload and specialization of hospitals rep-
resented a strong predictor for type of treatment, patient
characteristics associated with the choice of hospital
responsible for the first surgical procedure were also
analyzed.

Data validation

The accuracy of the method adopted to identify incident
breast cancer cases was validated using data from the
Piedmont Cancer Registry as a gold standard [9]. The
algorithm was defined to obtain a high positive predictive
value (i.e., the proportion of women that we defined as
incident cases using administrative data that confirmed by
the cancer registry).

To assess the endpoint accuracy, we validated the
information based on administrative data with the infor-
mation from clinical records of a sample of 512 women
aged 50-69 years, randomly selected from the same pop-
ulation and treated during the first half of the year 2002.
For each case, we retrieved and abstracted all clinical
records of any hospitalization identified from the HDR
(2001-2005) and entered the data into a clinical audit
database (QT Audit system) [10].

Patient characteristics

Patient characteristics included in the analysis were: age,
education, marital status, tumor stage, and co-morbidity.
Other variables included: year of admission, hospital vol-
ume of surgical breast procedures, and distance of patient’s
residence from nearest radiotherapy service.

Marital status was defined as married and unmarried
(single, separated, divorced, or widowed).

Using all the diagnosis codes on the HDR for the first
surgical admission (max slots = 6), the Disease Staging
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criteria [11] were used to classify patients into two broad
categories according to absence (stage 1) or presence (stage
2) of nodal involvement.

The Charlson co-morbidity index, as adapted by
Romano et al. [12] for use with ICD9-CM diagnoses from
claims data, was implemented.

Piedmont hospitals were classified according to yearly
average volume of breast cancer surgical procedures into
four categories: less than 50, 50-99, 100-149, and equal to
or greater than 150 cases. All extra-regional hospitals were
grouped into a separate category.

The distance between the patient’s residence and the
nearest RT facility was considered as a measure of acces-
sibility. The time required to cover the distances between
all the towns of Piedmont, by car and under normal traffic
conditions [13], was applied to each case. Four categories
were defined: <15, <30, <45, and >=45 min.

In the analysis of predictors for the hospital chosen for
surgery, we considered as “reference hospitals”, hospitals
that treat at least 150 new cases per year. All these reference
hospitals were also equipped with RT and oncology ser-
vices and were organized with dedicated multidisciplinary
teams. In this analysis, the distance between a patient’s
residence and the nearest reference hospital was considered.

Statistical analysis

The association between the set of patient and hospital
characteristics and the type of primary treatment was
analyzed using a multinomial logistic regression model
with robust estimates of standard error to adjust for hospital
clusters. The results, expressed as odds ratios (OR) and

Fig. 1 Initial pattern of care
received by 16,022 women with
a newly diagnosed case of early

95% confidence intervals (95% CI), estimate how much the
analyzed variables increased or reduced the probability of
receiving either BCS without RT or mastectomy in com-
parison to BCS + RT (the common reference group).
Subgroup analyses by age (<70 vs. >70), co-morbidity
(absence vs. presence of one or more), and marital status
were performed by stratification. A standard logistic
regression model was used to study the association between
patient characteristics and the type of first hospital, com-
paring reference hospitals (with more than 150 cases/year)
with less specialized ones. Statistical analyses were per-
formed using STATA (version 9.2) statistical software.

Results

During the 5-year period, 16,022 incident breast cancer
cases were identified among women residing in the Pied-
mont region, 1,361 (8.5%) of which were admitted at
hospitals outside the region.

Figure 1 describes the initial pattern of care received by
the whole cohort of women with newly diagnosed breast
cancer.

The characteristics of the entire cohort, by type of
treatment, are presented in Table 1. Associations between
these same characteristics and type of treatment received
are shown in Table 2.

Type of treatment

Overall, the mean age of patients was 62 years
(SD = 13.4); women in the BCS 4+ RT were younger

Breast cancers
N=18014

breast cancer. Piedmont region,

Excluded from analysis:
2000-2004

-prevalent cases N=976

-With distance metastases: N=966

-Without fiscal identification number: N=50

/\

Incident cases included:
N=16022

First surgery: ‘

Breast Conserving Surgery (BCS)
N=11211 (70%)

‘ Mastectomy (MAST)
N=4811 (30%)

No more surgery
N=9908 (88.4%)

1 more MAST

1 more BCS
N=556 (5.0%)

N=747 (6.6%)

|

v
Breast Conserving Surgery
N=10655 (66.5%)

Definitive treatment:

=

v

WithRT
N=7403 (46.2%) | N=3252 (20.3%)

Mastectom

Without RT N=5367 (33.5%)
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Table 1 Descriptive analysis of

patient and healthcare system Total BCS w/o RT Mastectomy BCS + RT
characteristics by type of (N =16,022) (N =3252) (%) (N=5,367) (%) (N="17403) (%)
treatment: .Breast Conserving Age
Surgery with RT (BCS + RT),
BCS without RT (BCS w/o RT) <0 3,219 185 178 225
and Mastectomy in 16,022 50-59 3,601 20.3 16.9 27.5
incident cases of early breast 60—69 4,259 22.8 21.9 31.6
cancer 70-79 3,679 233 30.5 17.4
>80 1,264 15.2 12.9 1.0
Education level
Secondary or more 2,894 16.5 16.1 20.2
Intermediate 4,070 22.6 22.3 28.9
Primary 6,806 43.1 48.1 38.1
Unknown 2,252 17.8 13.4 12.9
Marital status
Married 9,215 50.3 51.1 65.4
Not married 5,133 359 39.8 24.7
Unknown 1,674 13.9 9.1 9.9
Disease staging
Without nodal involvement 14,039 92.7 82.1 89.3
‘With nodal involvement 1,983 7.3 17.8 10.7
Charlson index
0 14,803 91.9 90.1 94.3
>1 1,219 8.1 9.9 5.7
Year of admission
2000 3,115 18.7 20.7 18.8
2001 3,047 18.1 19.9 18.8
2002 3,186 20.1 20.5 19.4
2003 3,272 21.0 20.0 20.5
2004 3,402 22.1 18.9 22.5
Hospital volume (N
>150 (5) 4,958 28.0 24.7 36.7
100 to <150 (4) 2,793 11.2 18.8 19.2
50 to <100 (10) 3,670 26.3 234 21.1
<50 (63) 3,235 20.9 25.8 15.8
Unknown® (128) 1,366 13.7 7.3 7.2
Distance to RT (min.)
Same city 5,244 30.1 29.3 36.4
0 to <15 2,563 15.6 15.2 16.7
. . 15 to <30 5,770 35.6 38.5 344
Piedmont region, 2000-2004
* Number of hospitals 30 to <45 1,684 12.1 11.7 9.0
>45 761 6.8 54 34

b Extra-regional hospitals

(mean = 58.77 + 11.3) than those in the BCS w/o RT
group (64.1 = 14.8) or in the mastectomy group
(64.8 &+ 14.3). At least one co-morbidity included in the
Charlson index was recoded in 7.6% of cases, with a higher
prevalence among the mastectomy groups (9.9%). The
most frequent co-morbidity included in the Charlson index
are: Diabetes (3.11%), other neoplasm (2.02%) and chronic
pulmonary diseases (1.42%). Of the 16,022 incident cases,
5,367 (33.5%) received a mastectomy, 7,403 (46.2%)

@ Springer

received BCS + RT, and 3,252 (20.3%) received BCS w/o
RT. Incomplete treatment (BCS w/o RT) was 18.1% and
25.3% in women below 70 and 70+ years respecting.
Table 2 presents the adjusted ORs for receiving a mas-
tectomy or BCS without RT compared to BCS + RT,
according to patient and hospital characteristics. Elderly
patients were more likely to have a mastectomy compared
to women younger than 50. The probability of receiving a
mastectomy was also higher for unmarried individuals,
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Table 2 Association between BCS w/o RT Mastectom
type of treatment and patient y
and healthcare system OR 95% CI OR 95% CI
characteristics by type of
treatment: BCS without RT Age
(BCS w/o RT) and mastectomy <50 1 1
vs. BCS with RT (reference N
group) in 16,022 incident cases 50-59 0.92 0.80-1.05 0.78 0.70-0.88
of early breast cancers 60-69 0.89 0.77-1.02 0.83 0.73-0.95
70-79 1.54 1.29-1.85 1.90 1.52-2.38
>80 16.39 12.06-22.26 12.50 9.86-17.77
Educational status
Secondary or more 1 1
Intermediate 0.94 0.81-1.09 0.91 0.80-1.04
Primary 1.00 0.82-1.22 1.03 0.89-1.20
Unknown 1.14 0.85-1.52 1.10 0.84-1.44
Marital status
Married 1 1
Not married 1.24 1.13-1.36 1.33 1.19-1.48
Unknown 1.32 1.09-1.59 1.04 0.81-1.32
Disease staging
Without nodal involvement 1 1
With nodal involvement 0.65 0.56-0.76 2.28 1.83-2.85
Charlson index
0 1 1
>1 1.32 1.10-1.58 1.45 1.20-1.76
Year of admission
2000 1 1
2001 0.95 0.82-1.09 0.93 0.81-1.07
2002 0.97 0.82-1.15 0.92 0.74-1.14
2003 0.95 0.79-1.13 0.83 0.66-1.04
2004 0.88 0.73-1.07 0.70 0.56-0.88
Hospital volume (N®)
>150 (5) 1 1
100 to <150 (4) 0.65 0.45-0.94 1.22 0.78-1.89
50 to <100 (10) 1.40 1.07-1.82 1.47 1.01-2.14
<50 (63) 1.31 1.07-1.60 1.99 1.43-2.76
Unknown® (128) 2.20 1.76-2.74 1.20 0.88-1.63
. Piedmont region, 2000-2004 Distance to RT (min.)
? Screening age group (50-69): Same city 1 1
OR (95% CI)
0 to <15 1.20 1.03-1.40 1.18 0.96-1.45
BCS w/o: 0.91 (0.80-1.03)
15 to <30 1.14 0.98-1.33 1.31 1.12-1.54
Mastectomy: 0.81 (0.72-0.91)
b . 30 to <45 1.35 1.10-1.65 1.39 1.11-1.74
Number of hospitals
>45 1.75 1.39-2.20 1.66 1.13-2.24

¢ Extra-regional hospitals

those with nodal involvement, co-morbidity, as well as
with decreasing hospital caseload per year (P for
trend <0.001) and increasing distance from residence to
the nearest RT service (P for trend <0.001). In particular,
patients who lived more than 45 min away from a RT
service have a 70% increase in probability of receiving a
mastectomy.

After adjustment for all other factors, education did not
show any greater association with type of treatment. The
main confounders of this crude association were age and
type of hospital. The frequency of mastectomy significantly
reduced during the 5-year period (P for trend <0.001).

After adjustment for other variables, the probability of
receiving BCS not followed by adjuvant RT was higher for
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older women, unmarried individuals, and in the presence of
co-morbidity with increasing distance between residence
and RT service (P for trend <0.001), for hospitals with a
lower workload (<100 cases) and for extra-regional hos-
pitals. There was no meaningful effect of education level on
type of treatment. During the period 2000-2004, there was a
tendency toward a reduction in incomplete treatments even
if the trend is not statistically significant (P = 0.280).
Patients were less likely to undergo a BCS without RT in
the presence of loco-regional disease.

Compared to younger women, those in the 50-69
screening age group were at lower risk of both BCS w/o
RT (0.91; 0.80-1.03) and mastectomy (0.81; 0.72-0.91).

Stratified analyses by age (<70 vs. >70), comparing
BCS w/o RT vs. BCS + RT did not indicate any effect
modification for most variables (data not shown in tables).
The probability of not receiving RT after BCS, increased
markedly with age only after 70 years (OR = 1.22 per
year; 95% CI = 1.20-1.25) and in the presence of co-
morbidity (1.64; 1.18-2.27). For patients in the younger
age group (<70), neither age (0.99; 0.99-1.00) nor co-
morbidity (1.01; 0.80-1.29) showed any effect. Corre-
sponding age-stratified analyses comparing mastectomy vs.
BCS + RT did not indicate any effect modification apart
from age (1.17; 1.15-1.19 in the 704 age group vs. 0.99;
0.99-1.00 below 70 years).

Stratified analyses by co-morbidity (none vs. one or
more) and marital status did not suggest any relevant effect
modification.

Choice of hospital

Since the specialization of the hospital represented a strong
predictor of the initial treatment, we explored the associ-
ations between patient characteristics and the choice of
hospital. The probability of being treated at a reference
hospitals (with a breast unit and a workload >150 cases per
year) decreased markedly with increasing age (P for trend
<0.001) and distance between residence and these hospi-
tals (P for trend <0.0001). On the contrary, the presence of
co-morbidity (1.22; 1.04—1.43) and advanced stage cancer
(2.64; 2.30-3.02) were factors increasing the probability of
access to reference hospitals. A reduced probability of
admission to specialized hospitals was observed in women
with primary (0.73; 0.64-0.83) or intermediate education
(0.77; 0.68-0.87) with respect to those with secondary or a
higher level of education.

Data validation
The algorithm used to identify incident breast cancers

through the HDRs compared to the Cancer Registry had a
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positive predictive value of 92.6% (95% CI = 90.5-94.4)
and a sensitivity of 76.7% (95% CI = 73.8-79.4) [9].

HDRs for identifying BCS, compared to clinical data
from a random sample of 512 patients, had a sensitivity of
95.5% (95% CI = 93.0-97.1) and a specificity of 98.2%
(95% CI = 93.6-99.5).

HDRs and RT outpatients records, used to identify
postoperative RT, had a sensitivity of 87.4% (95%
CI = 83.5-90.5) and a specificity of 94.4% (95%
CI = 89.7-97.0).

Discussion

The most notable result of our study is that, at a population
level, about one in five women did not receive an appro-
priate initial treatment due to a lack of adjuvant
radiotherapy after breast-conserving surgery. Factors
mainly responsible for this under-treatment were not only
patient characteristics (e.g., increasing age, living alone, or
presence of co-morbidities) but also health care features,
such as being treated by hospitals with a low level of
specialization and living in places with difficult access to
radiotherapy facilities. The initial treatment of breast can-
cer did not seem directly influenced by other social factors
such as education level.

Differences in the treatment of breast cancer by age
were well documented in the literature, with older women
less frequently receiving a high standard of care and pos-
sibly being exposed to worse outcomes [14]. While the
importance of adjuvant RT after BCS is well documented
[15], the under-representation of older women in RCTs
makes it difficult to give strong, evidence-based recom-
mendations for this age group [16]. Also, the ratio between
BCS and mastectomy tends to decrease with age despite
evidence of better quality of life after conservative surgery
in elderly patients [17]. Several factors have been consid-
ered as possible explanations for the substandard treatment
of elderly women, including ageism, advanced tumor stage,
co-morbidity, short life expectancy, greater uncertainty in
the risk-benefit calculation for treatments, individual pref-
erences, and cultural or social barriers to accessibility [14].
The perceived value of breast conservation instead of
mastectomy may be lower for older breast cancer patients,
and the scientific evidence of a favorable benefit-to-risk
balance for adjuvant radiotherapy is controversial. There-
fore, the final decision should be made together with the
patient after a careful multidimensional assessment
[16, 17].

As expected, cases with nodal involvement had an
increased probability of receiving definitive treatments,
either mastectomy or BCS + RT [18], while the presence
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of one or more co-morbidities was negatively associated
with adjuvant radiotherapy.

The lower probability of unmarried women with breast
cancer receiving a definitive therapy is not new and has
been interpreted as an effect of reduced family support and
weaker social networks [19].

Previous studies have shown that certain socioeconomic
factors such as ethnicity, income, insurance coverage, and
education level are strong predictors of quality of care [20]
and outcome [21].

At first, a crude association between education level and
a lower probability of BCS + RT was evident, but this
association was not present when other patient and hospital
characteristics were accounted for. A more detailed anal-
ysis of the data revealed, however, that less educated
women were more likely to be treated at hospitals with
lower levels of specialization and, indirectly, were more
likely to receive suboptimal treatments. Indeed, in our data,
the association between hospital characteristics and the
type of initial treatment is quite clear. Women treated in
hospitals with an annual workload of <50 cases had higher
probability of receiving a non definitive treatment or
mastectomy than women admitted to hospitals with more
than 150 cases operated per year. Positive associations
between a higher level of hospital caseload or specializa-
tion and BCS + RT have already been reported [22, 23]. In
addition, lower local recurrence rates and improved sur-
vival for women who undergo surgery at a hospital with a
high case volume have been documented [23]. These
favorable results have been attributed to a mix of factors
more frequently present in specialized centers: surgeons
with greater experience and the presence of breast care
units with a dedicated multidisciplinary team. As docu-
mented in other studies exploring the relationship between
surgery volume and outcomes, the possibility of selection
bias cannot be ruled out [24].

Another factor strongly influencing the pattern of care
received by early breast cancer cases is the distance
between the patient’s residence and the closest radiother-
apy service. In line with previous studies, mainly
conducted in the USA [25], we noted a significant decrease
in the probability of receiving breast radiation treatments
after a conservative procedure for women living at greater
distances from RT services. The geographic accessibility to
RT facilities is confirmed to be a barrier for continuity of
care, independent of other patient characteristics. Also,
women receiving BCS in extra-regional hospitals showed
significantly reduced access to RT, likely due to difficulties
in warranting continuous care in healthcare migrations.
This is likely to be due to lower levels of completeness in
data from other regions, the database for outpatient RT has
been previously analyzed in depth and provided reliable
results with a high level of completeness [26].

During the period analyzed, the probability of receiving
a mastectomy, and possibly a non-definitive treatment,
shows a negative trend. This large-scale effect may be a
consequence of the diffusion and implementation of
regional guidelines in the cancer care network, but other
factors, such as progressive regional coverage by the
screening program protocol, may have played a role as
well. In the presence of a national tendency towards
reducing the number of mastectomy procedures and
increasing radiotherapy after BCS [27], it is fundamentally
impossible to distinguish the effects of local initiatives
from general trends with observational studies.

The recent reorganization of cancer care into a regional
network with dedicated multidisciplinary teams and the
introduction of regional, evidence-based guidelines for the
most common cancers points out the need for an efficient
system to monitor the quality of care and to measure the
impact of this new organization system.

Generally, cancer registries are considered the best
candidate to measure the quality of cancer care at the
population level [28], but cancer registries generally may
not have detailed clinical information (as stage, co-mor-
bidity and treatment).

Our study has both strengths and limitations. First, we
developed and validated an algorithm to identify incident
breast cancer cases [9] and validated the endpoint analyzed
with a random sample of medical records. Second, the
study is population-based and minimize selection bias of
predictors of cancer treatment such as geographic, regional,
urban vs. rural location, and socioeconomic status [29].
Third, we were able to adjust for several important
covariates, both at the patient and healthcare system levels.
The main weakness in our study, similar to that of other
studies relying on administrative data, is the lack of
detailed clinical information, as tumor size, multi-centricity
and co-morbidity, which could partially explain the
observed undertreatment especially in elderly cases [30].

In conclusion, our results show that inequalities still
exist in access to appropriate breast cancer therapies in a
setting characterized by both a national health system and a
regional cancer network. The monitoring system that we
applied, based on administrative data, allowed confirma-
tion of the specific role of certain determinants of
inequality independently from individual patient charac-
teristics and the health care system. Future initiatives
should also consider social and geographical factors in
addition to hospital specialization to reduce the incidence
of inappropriate care for breast cancer.
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