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Abstract
Background: The evaluation of the care pathway in oncologic patients is complex,
as the components of the decision process are dependent and influenced by
each other. The statistical methods proposed in the literature oversimplify this
entangled problem.
Objective: The aim of the present study was to propose a new method to evaluate
the adherence to guidelines of procedures performed from the diagnostic to the
follow-up phase of breast cancer care pathway.

Methods: On women with incident breast cancer occurring in 2007-09, we
calculated 24 health indicators as the proportion of women not performing
a particular diagnostic/therapeutic procedure. Indicators were calculated
for the 23 hospitals with all data available. We developed a theoretical model
organizing the indicators into 4 different domains of the care pathway (Diagnosis;
Surgical treatment; Medical treatment; Follow-up), plus one domain for patients’
characteristics and one for complications. After excluding highly correlated
procedures, the model included 19 indicators. We used the Partial Least Squares
Path Model (PLS-PM) approach to summarize the indicators into these domains
and investigate the relationship among them.
Results: We found a negative correlation between the two domains including
the indicators measuring lack of adherence to diagnostic and surgical guidelines,
and a positive correlation between the domain measuring lack of adherence to
surgical guidelines and the one including patients’ characteristics.
Conclusion: This is a unique example of PLS-PM application to the evaluation of
the care pathway of an oncologic disease, overcoming the limits of the previously
applied methods.

Keywords: Quality Indicators; Health Care; Breast Neoplasms; Partial Least
Squares Path Model; Guideline Adherence

Abbreviations: PLS-PM: Partial Least Squares (or Projection
to Latent Structures) Path Model; LHA: Local Health Authorities;
VIF: Variance Inflation Factor

Introduction

To evaluate if what extent the care delivered to oncologic
patients − such as woman with breast cancer − is adherent to
evidence-based guidelines, it is necessary to consider multiple
aspects of the diagnostic, therapeutic and follow-up pathways
[1]. In fact, single health indicators are informative variables
which allow to concisely evaluate a single aspect of complex
phenomena. However, single indicators do not give a complete
view of the cure paths and their appropriateness or adherence
to the guidelines. Coherent sets of indicators have been then
developed from evidence-based guidelines to measure the
different aspects of the clinical pathway suitable for a patient with
specific characteristics, such as comorbidities. Nevertheless, it is
difficult to simultaneously evaluate many different indicators and
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a single summary measure is deemed necessary, but obtaining a
methodologically sound and easy to interpret measure represents
a challenge [2,3].

In the literature, different approaches have been proposed
[4,5]. Some are along the line of providing a simple summary
indicator that can be easily understood from health professionals
and patients, such as using the proportion of indicators met by
each patient or the all-or-non approach [6]. These approaches
have advantages if we want to promote a widespread use of a
quality assessment tool. On the other side, they oversimplify
an entangled problem. The evaluation of the entire diagnostic
and therapeutic pathway is complex, as it involves elements
of the decision process that cannot be directly observable or
measurable. In addition, the components of the decision process
are dependent and influenced by each other. For these reasons,
other statistical methods are needed. One proposed approach
uses a hierarchy or selection of the most relevant indicators, with
respect to the outcome, and a system of weights to combine them.
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Although this approach better reflects complexity, the assigned
weights are fairly arbitrary [5,7]. Other proposed methods to
summarize a set of indicators into a single or a few measures use
latent variables [8,9].

The aim of the present study is to evaluate the appropriateness
of the procedures performed in each step of the breast cancer
care pathway (i.e., diagnosis, surgery, medical treatment, and
short-term follow-up) through the estimation of a summary
measure for each of them, and to investigate their relationships.
For this purpose, we used a Partial Least Squares (or Projection
to Latent Structures) path model (PLS-PM) approach [10]. The
cohort under study is constituted of incident breast cancer cases
occurring between 2007 and 2009 in six local health authorities
(LHA) of Lombardy, Northern Italy.

Materials and Methods

Population: We moved from all incident breast cancer identified

by the cancer registries occurring, between 2007 and 2009, in the
geographic area corresponding to six LHA of Lombardy, Northern
Italy, including Milan, Milan 1, Milano 2, Monza and Brianza,
Bergamo, and Cremona (5,320,272 inhabitants on 31 December
2012) [11]. For this cohort, a set of 22 indicators, measuring
adherence to breast cancer international guidelines, had been
previously developed based on a literature review [11-15] and
calculated from cancer registries and administrative health
databases [11]. To those, using the same methodology, we added
2 indicators: the proportion of patients not undergoing breast
surgery, and the proportion of patients undergoing surgery more
than 30 days from mammography [16]. The 24 indicators were
re-organized into four different domains of the care pathway:
Diagnosis, Surgical treatment, Medical treatment, and Followup. We also calculated the proportion of patients experiencing
three type of complications: developing lymphedema within
two years from breast surgery, experiencing side effects
requiring hospitalization during chemotherapy, and experiencing
haematological side effects requiring hospitalization during
chemotherapy [17,18]. Each patient was assigned to the hospital
where she performed primary surgery or medical treatment,
even if subsequent care was performed elsewhere. To perform
PLS-PM analysis on a per-health provider basis, we calculated,
for each provider and for all indicators, the proportion of patients
not performing the diagnostic or therapeutic procedure. Thus,
we considered in the PLS-PM analysis only the patients assigned
to the providers for which all indicators included in the final
model were available, as not all health providers performed all
procedures, e.g. not all health providers have a radiotherapy unit.

Statistical analysis: PLS-PM [10] is a methodology meant to

estimate a network of causal relationships defined according
to a theoretical model and to represent the causal relationships
through a graph, called path diagram. The complexity of
the theoretical construct is studied taking into account the
relationships among non-measurable concepts (latent variables
or domains), represented by a set of observed variables (manifest
variables or indicators).
As in a path model approach, variables are grouped in
two classes: 1) those that are caused by one or more variables
(endogenous or dependent variables), and 2) those that are not
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caused by any other variables in the diagram (exogenous or
independent variables). Moreover, PLS-PM involves two types of
models: 1) the structural or inner model specifies the relations
between the latent variables, i.e. between each endogenous latent
variable and the other latent variables; 2) the measurement or
outer model takes into account the relations between a latent
variable and its corresponding manifest variables. Different
types of measurement models exist, depending on the kind of
relation between manifest variables and latent variable: reflective
(manifest variables are an effect of the the unique corresponding
latent variable) and formative models (latent variable is
considered as being caused by its observed variables).

The PLS-PM approach is characterized by an iterative
procedure of ordinary least squares regressions taking into
account the relations of the measurement and structural
model, to calculate weights required to give final estimates of
each latent variable. In detail, the iterative procedure in PLSPM works on standardised manifest variables and begins with
an initial approximation of each latent variable as weighted
sum of its manifest variables by using arbitrary outer weights
(measurement model). Then, the relations among latent variables
(structural model) are considered in order to obtain a proxy of
each latent variable calculated as a weighted sum of its connected
latent variables by using a weighting scheme (e.g., centroid,
factorial, path). Subsequently, the algorithm turns around to the
approximation of the measurement model updating the arbitrary
initial weights with new ones, as regressions coefficients, through
different ways depending how the manifest variables are related
to their latent variables, e.g., by mode A for reflective construct,
mode B for formative. The first implies simple linear regressions
(the manifest variables are considered as dependent variables and
each latent variable as independent) whereas the second implies
multiple linear regressions (each latent variable is considered as
dependent variable and the manifest variables as independent
ones). The algorithm goes ahead iteratively until convergence of
the weights is reached. After convergence of the outer weights
(interpreted as a proxy for the relevance of each manifest variable
in the construction of the latent variable), the latent variables
are estimated as weighted sum of its observed variables. Thus,
the path coefficients are calculated by ordinary least squares
regressions between latent variables and are interpreted as
standard regression coefficients [19].
In the present study, we performed a PLS-PM based on the
aggregated data of hospitals. We constructed the model including
all available indicators by means of clinical expert assessment
and review of the literature, making a-priori assumptions on the
relationships between the defined domains. We used a formative
model, since the latent variable is considered as being caused by
its manifest variables and is defined as a linear combination of
the corresponding manifest variables in our model. We applied
the centroid scheme proposed by Wold, which considers the sign
of the correlation between two connected latent variables. Unlike
the reflective measurement model, the formative model does
not assume homogeneity nor uni-dimensionality of the block
and therefore the traditional validity (e.g., composite reliability,
average variance extracted) assessments do not apply to the
formative model. However, we checked for highly correlated
indicators in order to avoid collinearity related issue in the
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formative measurement model and we subsequently excluded 5
indicators as they measured highly correlated procedures within
each domain. Moreover, we assessed the level of collinearity of
the final formative measurement model performing the variance
inflation factors (VIFs), i.e., the reciprocal of the tolerance, where
2
2
the tolerance is 1 − Rx1 and the Rx1 is the proportion of variance of
x
a manifest variable 1 explained by the others of the same block.
In order to obtain Rx21 we regressed one manifest variable x1 (as
dependent variable) on all remaining manifest variables of the
same domain (as independent variables). A VIF value ≥5 indicates
a potential collinearity problem [20]. We evaluated the quality
of the structural model through the assessment of collinearity
among domains and the R2 determination coefficients [20]. In
order to obtain the R2, we regressed the scores of one domain
(as dependent variable) on all connected exogenous domains
(as independent variables) [20]. The R2 statistic is interpreted as
the amount of variance in the endogenous domain explained by
its exogenous domains. The R2 values range from 0 to 1 and the
explanation of the variance is described as substantial, moderate
or weak with reference to thresholds of R2 above to 0.67, 0.33, and
0.19, respectively [21].
We performed means and corresponding 95% confidence
intervals for weights, loadings, and path coefficients using
bootstrap technique where 5000 subsamples with replacement
from the original dataset were drawn [20].
The indicators were calculated with SAS 9.3, while PLS-PM
analysis was conducted using the plspm package in R software
[22].

Results

Descriptive: The cohort included 9614 incident breast cancer

women, not metastatic at diagnosis, who received surgery/
primary medical treatment from 62 different health providers in
the territory of the six LHA. After defining the model, we restricted
the analysis to subjects (n=6435) who had primary surgery/
medical treatment in one of the 23 hospitals for which all the 19
selected indicators were available. About 24% of cases were aged
≤50 years, while about 4% were aged ≥85 years. Less than one
third of cases had a radical surgical treatment (i.e. mastectomy).
About 4% of the cases were not treated with surgical procedures.
Eighty-two percent of women were in TNM stage I or II. The
distribution of age, stage, treatment type and comorbidities did
not differ from the whole cohort (Supplementary Table 1) [11].

PLS-PM: We considered a model splitting up the process

indicators into 4 different domains, plus one domain for patients’
characteristics and one for complications. The domains included
indicators measuring lack of adherence to a recommended
procedure for primary non-metastatic breast-cancer in
different phases of the diagnostic and therapeutic pathway:
Diagnosis; Surgical treatment; Medical treatment; Follow-up.
Moreover, the Disadvantage domain included patients’ age and
comorbidities, characteristics related to a lower probability of
adherence to diagnostic and therapeutic guidelines on primary
breast cancer [23]. The last domain (Complications) included
indicators measuring the proportion of patients experiencing a
specific complication from surgical or medical treatment. After
removing highly correlated indicators, the final model consisted
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of 19 process indicators measuring adherence to international
guidelines (Diagnosis: n=4; Surgical treatment: n=7; Medical
treatment: n=6; Follow‑up: n=2), 3 indicators for complications,
and 2 indicators for patient characteristics. A detailed description
of the model, including domains and indicators, is provided in
Table 1.
We a-priori assumed that the domain Disadvantage was
connected to all the other domains [24-26]; Diagnosis was joined
to Surgical and Medical treatments, and Follow-up [27-29];
Surgical treatment was related to Medical treatment and Followup [28,30-32]; Medical treatment was connected to Complications
and Follow-up [32-34]. A detailed description of the rational of
the links between domains of the structural model is reported in
Table 2.

Figure 1 represents the hypothesized structural model of care
pathway for breast cancer. Each domain is identified by a name
that appears inside of an ellipse; the relations between domains,
defined a priori, are represented by arrows. The statistics
given in Figure1 represent the correlation coefficients between
domains. The correlation coefficients (r) with an absolute value
> 0.5 were those between: Diagnosis and Surgical treatment
(r=-0.72), meaning that hospitals with a low adherence to the
measured diagnostic procedures for primary breast cancer
have a high adherence to the measured surgical standards
for primary breast cancer, and vice versa; Disadvantage and
Surgical treatment (r=0.72), suggesting that hospitals with a
high proportion of elderly patients and chronic cardiovascular
diseases and/or diabetes at diagnosis have a lower adherence
to the measured surgical recommended procedures for primary
breast cancer; Disadvantage and Diagnosis (r=-0.68), indicating
on the contrary that hospitals with a high proportion of patients
with advanced age and/or comorbidities have a higher adherence
to the measured recommended diagnostic procedures; Medical
treatment and Complications (r=-0.61), suggesting that hospitals
being less adherent to measured guidelines for medical treatment
have lower complications rate, a finding that will need further
investigation; Medical treatment and Follow-up (r=-0.52),
implying that hospitals being less adherent to the measured
guidelines for follow-up have a higher compliance to medical
treatment ones.
In the structural model graph, the path coefficients are usually
showed; however, since we found them easier to interpret, we
showed the correlations between domains in the graph and
reported the standardized path coefficients for direct and total
effects among domains in Supplementary Table 2.

Table 3 shows the outer weights and loadings of the
PLS-PM in the original dataset and their mean values and
corresponding 95% confidence intervals performed through
bootstrap procedure. The weight represents the relevance of
each indicator in the construction of the corresponding domain
(indicator’s relative contribution). Considering the bootstrap
procedure results, comorbidity was the most important indicator
to the Disadvantage domain definition, absence of screening
mammography (D2) for the Diagnosis, not undergoing to
surgical treatment (S1) for Surgical treatments, not undergoing
radiotherapy after conservative surgery (M4) for Medical
treatment, hematological side effects (C3) for complication, and
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inappropriate intensive investigations (F2) for follow-up. No
weight differ significantly from zero, probably because in small
sample sizes standard errors are generally larger due to sampling
error [20]. The loading represents the correlation between each
indicator and domain (indicator’s absolute contribution). In a
formative measurement model, the loadings are meaningless,
but they are useful for the decision-making process of keeping or
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deleting formative indicators: if the weight is not significant, you
should analyze the loading, i.e., if the loading is ≥0.5 you should
keep the indicator, if the loading is <0.5 you should consider to
remove it, if the loading is significantly <0.5 you should delete
it. Anyhow, since the theory-driven formulation of the domain
supports retaining the indicators (i.e., from a clinical point of
view), they were kept in our model [20].

Table 1: Specification of the measurement model in the Partial Least Squares Path Model.
Domain

Description of the Domain

Indicator

Description of the Indicator [11]

Disadvantage

Characteristics related to a lower
probability of adherence to
diagnostic and therapeutic guidelines
on primary breast cancer

Comorbidity

Proportion of patients with chronic cardiovascular
disease and/or diabetes at diagnosis

Advanced age
D1

Diagnosis

Indicators measuring lack of
adherence to diagnostic guidelines
on primary breast cancer

D2
D3
D4
S1
S2

Surgical treatment

Indicators measuring lack of
adherence to surgical guidelines on
primary breast cancer

S3
S4
S5
S6
S7

Proportion of patients ≥ 85 years

Proportion of patients aged over 50 who did not
receive bilateral mammography 3 months before
surgery [24]

Proportion of patients aged 50-69 years who did not
have a screening mammography performed in the 3
months preceding diagnosis [25]
Proportion of patients without cytological and/
or histological assessment in the 3 months prior
surgery [24]

Proportion of patients in stage I, and not undergoing
mastectomy, undergoing bone scanning or thoracic
CT or liver US or abdominal CT /MR or tumour
markers measurement in the 3 months prior to
surgery [12]

Proportion of patients not undergoing breast surgery
[16]
Proportion of stage I and II women who did not
undergo breast-conserving surgery [24]

Proportion of patients not undergoing SLNB in the
setting of breast conserving surgery for T1 tumors
[26]

Proportion of patients with pathological stage I
breast cancer undergoing axillary clearance at first
surgery or within 3 months [27]

Proportion of patients undergoing a second surgery
within 3 months from the first breast conserving
surgery, excluding reconstructions [28]

Proportion of patients not undergoing reconstructive
surgery within a year among patients who
underwent mastectomy [25]
Proportion of patients undergoing surgery more
than 30 days from mammography [16]
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M1
M2

Medical treatment

Indicators measuring lack of
adherence to medical treatment
guidelines on primary breast cancer

M3

Complications

Follow-up

Indicators measuring complications
from treatment in patients with
primary breast cancer

Indicators measuring lack of
adherence to guidelines for follow-up
after primary treatment of breast
cancer

Proportion of patients not enrolled in palliative care
within 6 months of death [16]
Proportion of patients whose first postoperative
treatment was not initiated within 60 days of
surgery in the event of chemotherapy and within 90
days in the event of radiotherapy [16]
Proportion of patients with stage III tumors not
undergoing neoadjuvant systemic therapy(either
hormonal or chemo) [14]

M4

Proportion of patients who did not receive radiation
treatment within a year after breast conserving
surgery [29]

M5

Proportion of patients > 50 years with pathological
stage II-III not receiving adjuvant hormone therapy
or chemotherapy in the following year [24]

M6
C1
C2
C3
F1
F2
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Proportion of patients < 50 years with pathological
stage II-III not receiving adjuvant chemotherapy in
the following year [24]
Proportion of patients developing lymphedema
within two years from breast surgery [18]

Proportion of patients experiencing side effects
requiring hospitalization during chemotherapy [17]
Proportion of patients experiencing hematological
side effects requiring hospitalization during
chemotherapy [17]

Proportion of patients > 50 years not undergoing
mammography within 18 months after surgery [30]
Proportion of patients receiving chest CT or
bone scans or liver US/CT/MR or tumor markers
measurement in the year following surgery,
excluding patients developing metastasis [12]

Table 2: Specification and rationale of the structural model in the Partial Least Squares Path Model.
Domain (Esogenous)

Domain (Endogenous)

Hypothesized Relation

Advanced age and comorbidity do alter the diagnostic path, reducing
access to diagnostic imaging

Disadvantage

→

Diagnosis

Disadvantage

→

Surgical treatment

Advanced age may reduce the use of breast conserving technique and
reconstructive surgery, co-morbidities may impact on the choice to
perform surgery.
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Disadvantage

→

Medical treatment

Advanced age and comorbidities are associated with less aggressive
medical treatment.

Disadvantage

→

Complications

Advanced age and comorbidities are associated with increased side effects
during treatment

Disadvantage

→

Follow-up

Advanced age may reduce access to follow-up diagnostic techniques

Diagnosis

→

Surgical treatment

Adequate imaging and cyto/histological diagnosis and staging reflect on
surgery

Diagnosis

→

Medical treatment

Adequate imaging and cyto/histological diagnosis and staging reflect on
medical treatment

Diagnosis

→

Follow-up

Surgical treatment

→

Medical treatment

Surgical treatment

→

Follow-up

Medical treatment

→

Follow-up

Medical treatment

→

Complications
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Within a provider, appropriateness of the imaging diagnostic and followup phases are anticipated to be correlated as performed by the same
department and the diagnostic phase comes earlier in timing
Surgical treatment, including choice of a breast conserving approach,
SNLB or axillary cleareance, impacts on subsequent adjuvant treatment.

The appropriateness of the surgical treatment and the organizational links
of a provider between the surgical and radiologic unit are anticipated to
impact on follow-up (particularly S7 with F1)
The appropriateness of the surgical treatment and the organizational links
of a provider between the surgical and radiologic unit are anticipated to
impact on follow-up (particularly M2 with F1)
The appropriateness of medical treatment will impact on the frequency of
complications

Figure 1: Structural model of the care pathway of breast cancer patients. The values represent the correlation coefficients between the domains
performed according to the Partial Least Squares Path Modelling approach.
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Figure 2 represents the scores of the main domains of breast
cancer care pathway for each of the included hospital (belonging to
6 LHA) against the average yearly breast surgical hospital volume,
allowing to examine differences across hospitals (and within
LHA) for each domain in a single plot, and for the entire clinical
pathway in four plots. Differences between LHA was present for
all domains, roughly having the same magnitude. From the graph,
for the diagnostic domain high volume providers appear to have
been less adherent to guidelines than small volume ones. On the
contrary, for the surgical domain they showed greater adherence
to standards. No relation was evident between medical treatment
or follow-up and volume.
Concerning the quality of the formative measurement model,
we checked for the collinearity among the indicators through VIF
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in the final model (Supplementary Table 3). The highest VIF value
was 3.74 and was observed for the indicator S3 (proportion of
patients not undergoing SLNB in the setting of breast conserving
surgery for T1 tumors). Hence all VIF values were below the
threshold of 5, indicating that collinearity did not reach critical
levels in any of the formative construct. Concerning the quality
of the structural model, we checked for the collinearity among
the domains through VIF (Supplementary Table 4) and we found
no significant collinearity, being all VIF values below 5. Moreover,
the structural model was approximately satisfactory for all the
endogenous domains (R2=0.61 for Surgical treatment, 0.52 for
follow-up, 0.46 for Diagnosis, 0.37 for Complications, and 0.27 for
Medical treatment).

Figure 2: Scores of the main domains (calculated through the Partial Least Squares Path Modelling approach) of breast cancer care pathway for 23
hospitals in 6 areas of Lombardy, Italy. Hospitals with more than 300 cases/year are all plotted at 300.
Table 3: Weights1 and loadings2 of each observed health indicator in the building of the corresponding domain calculated performing using the Partial
Least Squares algorithm.
Domain

Disadvantage

Health Indicator

Comorbidity

Advanced age

Weight1

Loadings2

Original

Bootstrap3

Original

Bootstrap3

0.48

0.45 (-1.18 , 1.89)

0.89

0.56 (-0.83 , 1.00)

0.61

0.30 (-1.68 , 1.71)

0.93

0.65 (-0.61 , 1.00)
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Diagnosis

D1

0.67

0.27 (-0.83 , 1.12)

0.74

0.29 (-0.80 , 0.94)

D3

-0.18

0.12 (-0.90 , 1.04)

0.25

0.30 (-0.60 , 0.88)

D2
D4

-0.69

S2

0.32

0.11 (-1.01 , 1.06)

0.01

S4

-0.19

S6

0.62

S3

Follow-up

0.8

0.39 (-0.79 , 1.27)

0.02

-0.24 (-1.77 , 1.45)

-0.02

-0.02 (-0.73 , 0.87)

S7

-0.25

-0.07 (-0.93 , 0.80)

M2

0.49

0.29 (-0.85 , 1.12)

S5

M3
M4

-0.34
0.08
0.8

M5

-0.02

C1

0.89

M6
Complications

0.23

-0.16 (-0.96 , 0.95)

M1
Medical treatment

0.29 (-0.68 , 1.00)

-0.71

S1

Surgical treatment

0.25

-0.38

0.19 (-1.17 , 1.77)
0.38 (-0.65 , 1.16)
0.20 (-0.81 , 1.25)

0.72

0.02 (-0.89 , 1.05)

0.32 (-0.52 , 0.80)
0.10 (-0.49 , 0.60)
0.33 (-0.69 , 0.92)
0.19 (-0.55 , 0.69)
0.08 (-0.57 , 0.70)
0.41 (-0.41 , 0.88)

0.48

0.19 (-0.79 , 0.83)

-0.43
0.82
0.04

-0.83

0.42 (-1.17 , 1.49)

0.56

0.76 (-0.54 , 1.17)

0.76

0.27 (-0.95 , 1.05)

0.03 (-0.90 , 0.91)

-0.10 (-0.82 , 0.78)

0.40 (-1.02 , 1.23)

0.65

0.33 (-0.72 , 0.90)

-0.18

0.16

F1

0.86

0.17

0.11 (-0.88 , 1.08)

0.28 (-0.68 , 1.01)

-0.07 (-1.27 , 1.22)

F2

0.14

-0.22

-0.61
0.08

0.54

0.20 (-0.58 , 1.02)

C2
C3

0.65

0.5

0.52
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0.05 (-0.84 , 0.83)
0.13 (-0.67 , 0.73)
0.13 (-0.86 , 0.86)
0.25 (-0.58 , 0.92)
0.07 (-0.56 , 0.72)
0.07 (-0.96 , 0.98)
0.48 (-0.29 , 0.97)
0.46 (-0.44 , 0.99)
0.39 (-0.97 , 0.99)
0.13 (-1.00 , 1.00)

The weight represents the relevance of each indicator in the construction of the corresponding domain (indicator’s relative contribution) [13].

1

The loading represents the correlation between each indicator and domain (indicator’s absolute contribution). In a formative measurement model,
the loadings are meaningless, but they are useful for the decision-making process for keeping or deleting formative indicators: if the weight is not
significant, you should analyze the loading, i.e., if the loading is ≥0.5 you should keep the indicator, if the loading is <0.5 you should consider to remove
it, if the loading is significantly <0.5 you should delete it. Anyhow, if the theory-driven formulation of the domain supports retaining the indicator (i.e.,
by means of clinical experts), it should be kept in the model [13].
2

3

Mean of 5000 bootstrap values (95% confidence intervals).

Discussion

In the present study we evaluated the appropriateness of
the procedures performed in each step of the breast cancer care
pathway through indicators measured in a cohort of breast cancer
cases in Northern Italy. In a previous study, we considered each
of the developed indicators singularly, using multilevel regression
models [11]. However, the global interpretation of a care pathway,
constituted of diagnosis, treatment and follow-up procedures,
is difficult when the number of indicators is high. Thus, in the
present study, using the PLS-PM approach, we summarized a large
set of indicators with a few numbers, one for each step/domain
of the primary breast cancer pathway of care. To our knowledge,
the present study is the first one using PLS-PM to summarize
indicators of a clinical care path.
Summarizing a long list of indicators in only few numbers
for each hospital allowed us to compare more easily the

appropriateness of the performed procedures across them,
without oversimplifying the comparison to a single number. In fact
different steps of the care pathway, which depend on different suborganizations, may be more or less adherent to guidelines within
a provider. We were also able to explore the relations among the
different domains. We found a strong positive correlation (r=0.72)
between low adherence to the measured surgical guidelines and
disadvantage, which may be due to the known tendency not to
adhere to guidelines in older patients [23].
There was also a strong inverse correlation between lack of
adherence to the measured guidelines for surgical procedures and
lack of adherence to the included diagnostic procedures. These
findings do not have to be interpreted as ‘hospital with surgeon
respecting guidelines have radiologist that do not’ or vice-versa,
but can be used to explore more in detail the associations between
indicators in different domains, after having examined which are
the indicators that contribute the most to the latent variable.
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In the literature, there is a debate on the opportunity to
use the so called ‘composite measures’ to summarize complex
processes in healthcare, such as the pathway of care for a chronic
condition. The importance of giving the possibility to clinicians
and patients to have an easy picture of the relative level attained
by different geographic areas or providers has to be weighed
against the risk of introducing biases related to the method use to
obtain the ‘composite measures’ [2,35-37]. It has been shown that
different methods lead to substantially different results, mainly
because of selection of which indicators should be included in the
composite measure, how weights are assigned to the different
indicators, which rule is used to obtain the ‘composite indicator’
(e.g. sum, average, decision rule) especially because of the effect
on variability.
The main advantage of the proposed method is that, once the
model describing the relations between the different domains has
been hypothesized based on clinical knowledge and guidelines,
the weights attributed to the different aspects of the pathway of
care (domains) are not assigned on an arbitrary basis, as in the
current literature methods, but it is assigned on the basis of the
observed data through the PLS algorithm. Moreover, the domain
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(calculated as the weighted sum of the corresponding indicators)
is summarized and analysed in such a way to consider the
relations with the other connected domains, thus considering the
whole pathway of care.
We chose to use PLS-PM due to its flexibility since, on contrary
of other structural equation models, PLS does not require
specific distributional assumptions of the data, independence of
observations, or large sample sizes.
The limit of this method – as well as of all the structural equation
models – is the subjectivity in the definition of the domains and of
the relations. From this point of view, the model herein considered
is only one of the possible models. Also, PLS requires a certain
degree of statistical knowledge, nevertheless it can be conveyed
to the general public through graphical representation, for
example of the relative level attained by different hospitals in each
domain. The major limitation of our analysis is the small sample
size, as we performed the PLS-PM analysis on aggregate data of
23 hospitals. This implies that the model may produce unstable
estimates. However, our purpose was to show the feasibility and
utility of this method to summarize a clinical pathway, more than
the interpretion of the results.

Supplementary Table 1: Distribution of the 6435 women with breast cancer treated in the 23 hospital included in the analysis according to selected
characteristics.
Variable

No (%)

Year of Incidence
2007

2468 (38)

2009

2008 (31)

2008
Age Class
<35

1959 (30)
111(2)

35-49

1442(22)

70-84

1527(24)

50-69
≥ 85

3033(47)

Treatment

277(4)

Surgical

6189 (96)

Breast conserving

4501/6189 (73)

Chemo/Radio/Hormonotheraphy only
Hospital’s Surgical Volume

246(4)

< 150 breast surgical intervention /year

1849 (29)

Radical

≥ 150 breast surgical intervention/year

1688/6189 (27)

TNM Stage At Diagnosis

4586 (71)

I

2918(45)

III

887(14)

II

2341(36)
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Unknown
Grading

289(5)

1

655(10)

2

3306(51)

Unknown

Diabetes And/Or CV Comorbidities

568 (9)

No

4098(64)

Total number of patients

6435

3

1906(30)

Yes

2337(36)

Supplementary Table 2: Path coefficients for direct and total effects in the original sample and in the bootstrap procedure.
Path

Total Effect

Original

Bootstrap1

Original

Bootstrap1

Disadvantage -> Diagnosis

-0.68

-0.07 (-0.86 , 0.85)

-0.68

-0.07 (-0.86 , 0.85)

Disadvantage -> Medical treatment

-0.33

-0.01 (-0.88 , 0.85)

-0.46

0.02 (-0.86 , 0.88)

Disadvantage -> Complication

-0.06

0.01 (-0.72 , 0.71)

0.23

Diagnosis -> Medical treatment

0.35

Disadvantage -> Surgical treatment
Disadvantage -> Follow-up

Diagnosis -> Surgical treatment
Diagnosis -> Follow-up

Surgical treatment -> Medical treatment

0.43
0.29

-0.1 (-1.11 , 0.98)

0.72
0.07

0.47 (-0.82 , 0.92)
0.10 (-0.58 , 0.60)
0.18 (-0.67 , 0.73)

-0.11 (-0.93 , 0.88)

-0.43

-0.11 (-0.93 , 0.88)

0.23

-0.01 (-0.89 , 0.90)

0.26

0.12 (-1.02 , 1.12)

0.15

-0.53

Medical treatment -> Complication

-0.64

Mean of 5000 bootstrap values (95% confidence intervals).

0.27 (-0.64 , 0.85)

-0.43

Surgical treatment -> Follow-up
Medical treatment -> Follow-up

1

Direct Effect

-0.67

-0.01 (-0.70 , 0.70)
0.04 (-1.23 , 1.20)

0.29
0.15

0.03 (-1.52 , 1.80)

-0.63

0.16 (-1.08 , 1.10)

-0.64

-0.03 (-1.12 , 1.11)

-0.67

-0.08 (-0.86 , 0.78)
0.04 (-1.23 , 1.20)
0.08 (-1.43 , 1.61)

-0.03 (-1.12 , 1.11)
0.16 (-1.08 , 1.10)

The standardized path coefficients are interpreted as standardized beta coefficients in a standard ordinary least squares regression, i.e., the average
change in the endogenous domain for a unit change in the exogenous domain. The standardized path coefficients have values between -1 and 1 with
values close to 1 representing strong positive relation and values close to -1 strong negative relation [13]. Standardized path coefficients should be
around 0.20 and ideally above 0.30 in order to be considered meaninful [12].

Considering direct effects, Disadvantage and Diagnosis have the same relevance on Surgical treatment, but with opposite directions (0.43 for
Disadvantage and -0.43 for Diagnosis); Disadvantage and Diagnosis have also similar effects on Medical treatment, again with opposite directions (-0.33
and 0.35, respectively), followed by Surgical treatment (0.15); Medical treatment is the most important (-0.67) for Follow-up, followed by Surgical
treatment (-0.53), Disadvantage (0.29), and Diagnosis (0.23); Medical treatment also has the strongest direct effect on Complication (-0.64), followed
by Disadvantage (-0.06).

The total effect is the sum of direct effect of a domain on the other connected one and the indirect effect (via one or more mediating domains, and is
calculated as the product of the common direct effect) [13]. Among the two driver domains for Surgical treatment, Disadvantage has the strongest
total effect (0.72), followed by Diagnosis (-0.43); Disadvantage also has the strongest total effect on Medical treatment (-0.46), followed by Diagnosis
(0.29) and Surgical treatment (0.15); Medical treatment (-0.67) and Surgical treatment (-0.63) have the the strongest total effect on Follow-up followed
by Diagnosis (0.26) and Disadvantage (0.10); Medical treatment also has the strongest total effect on Complication (-0.64), followed by Disadvantage
(0.18).
However all the path coefficients became close to 0 in the bootstrap procedure (except for the relation between Disadvantage and Surgical treatment,
direct path coefficient =0.27, total path coefficient=0.47) and no path coefficient was significantly different from 0.
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Supplementary Table 3: Assessment of the level of collinearity of the formative measurement model. Variance Inflation Factor (VIF) results.
Domain

Disadvantage

Health Indicators

VIF1

Comorbidity

1.79

D1

1.34

Advanced age

1.79

D2

Diagnosis

1.77

D3

1.27

D4

1.13

S1

2.28

S2

2.77

S3

Surgical Treatment

3.74

S4

3.08

S5

1.39

S6

1.38

S7

1.78

M1

1.99

M2

1.45

M3

Medical Treatment

1.36

M4

1.13

M5

1.39

M6

2.05

C1

Complications

1.24

C2

1.74

C3
F1

Follow-Up

F2

1.92
1.02
1.02

x
The Variance Inflation Factor (VIF) is the reciprocal of the tolerance, where the tolerance is 1 − Rx and the 1 is the proportion of variance of an
1
observed variable x explained by the others of the same block. A VIF value ≥5 indicates a potential collinearity problem [13].
1

2

1

Supplementary Table 4: Assessment of the level of collinearity of the set of the structural model. Variance Inflation Factor (VIF) results.
Domains

Set 1
Set 2

Set 3
Set 4

Disadvantage
Diagnosis

Disadvantage
Diagnosis

Surgical treatment
Disadvantage
Diagnosis

Surgical treatment
Medical treatment
Disadvantage

Medical treatment

VIF

2.58
1.37

2.08
1.59

The Variance Inflation Factor (VIF) is the reciprocal of the tolerance, where the tolerance is 1-R2 d the R2 is the proportion of variance of an endogenous
domain explained by the others connected domains. A VIF value ≥5 indicates a potential collinearity problem [13].
1
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Conclusion
In conclusion, we were able to summarize the distance
between guidelines and clinical practice of the different steps
of the care pathway of breast cancer patients and to explore
the relationships among them. This approach helps to identify
the single aspects of the care pathway that need to be subject to
quality improvement initiatives for each provider, and how these
are expected to influence other domains. It also allows an easier
comparison among providers than on a ‘per indicator’ basis.
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