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Abstract

Purpose There is a lack of real-world studies evaluating
the impact on survival of an evidence-based pathway of
care in breast cancer. The aim of this work is to investigate
the effect of adherence to guidelines on long-term survival
for a cohort of Italian breast cancer patients.

Methods The cohort included incident female breast can-
cer cases (2007-12), from the registry of the Milan pro-
vince (Italy), not metastatic at diagnosis and receiving
primary surgery. We selected sets of indicators, according
to patient and tumor characteristics. We then defined the
pathway of care as adherent to guidelines if it fulfilled at
least 80% of the indicators. Indicators were measured using
different administrative health databases linked on a unique
key. A causal inference approach was used, drawing a
directed acyclic graph and fitting an inverse probability
weighted marginal structural model, accounting for
patient’s  demographic, socioeconomic and tumor
characteristics.

Results The analysis included 6333 patients, 69% of them
were classified as having an adherent care. Mean age was
61 years (standard deviation, 13.6 years) and half of the
patients were in Stage I (50%) at diagnosis. Median follow-
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up time was 5.6 years. Overall, 5-year survival was 90%
(95% CI, 89-91%). The estimated risk of death was 30%
lower for patients with adherent than nonadherent care
(hazard ratio [HR], 0.66; 95% CI, 0.55-0.77).
Conclusions Our study confirms, in real-world care, the
impact on survival of receiving a care pathway adherent to
guidelines in non-metastatic breast cancer patients.

Keywords Breast cancer care - Adherence to guidelines -
Survival - Causal inference - Administrative health
databases - Process indicators

Abbreviations
CI Confidence interval
DAG Directed acyclic graph

HR Hazard ratio

IPW  Inverse probability weighted
RCT Randomized controlled trial
Introduction

Evidence-based guidelines, including those for cancer,
provide recommendations to improve the quality of medical
care and ultimately patient outcomes [1]. Whenever possi-
ble, guidelines should be derived from randomized con-
trolled trials (RCTs) and meta-analyses on RCTs, as they
represent the most reliable evidence [2—4]. Nevertheless,
RCTs are often conducted in third level centers, usually
excluding the elderly and people with serious comorbidities.
Thus, after the establishment of guidelines, their impact on
survival should be confirmed in clinical practice. Pragmatic
clinical trials are an attempt in this direction, but they are
generally not designed to evaluate an entire pathway of care
[5]. On the contrary, routinely collected healthcare data and
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cancer registries offer a possibility to perform real-world
studies, analyzing pathways of care without the need for
large economical investments. There are many studies
examining the effect of adherence to guidelines during
hospitalization for acute diseases on survival [6, 7]. Con-
versely, this has rarely been done for complex pathways in
chronic diseases, including tumors [8—11]. The motive is the
complexity of evaluating simultaneously the impact of
multiple procedures performed over an extended time-pe-
riod. Moreover, these studies are observational by nature
and thus prone to confounding [12]. Consequently, it is
essential to collect all possible confounders—not only those
related to tumor aggressiveness [4, 13], but also those rel-
evant to socioeconomic status- and to apply a sound
methodological approach to evaluate the survival benefit of
an evidence-based care pathway. We took a causal inference
approach, that allows to estimate a causal effect of adher-
ence to guidelines on survival, instead of the mere associ-
ation, even in an observational study [14, 15].

We investigated the effect of receiving diagnosis and
care adherent to guidelines on long-term survival in a
cohort of breast cancer patients, identified through popu-
lation cancer registers. Indicators of adherence were based
on administrative health data. The causal analysis
accounted for patient demographics, socioeconomic status
and tumor characteristics.

Methods
Study population and definition of clinical pathways

This is a retrospective cohort study. We assessed for eligi-
bility all women with an epithelial breast cancer diagnosed
during 2007-2012 and included in the population cancer
registry of the Milan province (Lombardy, Italy). Exclusion
criteria were: having had a previous malignant tumor (In-
ternational Classification of Diseases—9th revision -Clini-
cal Modification codes 140-208), being in stage IV, not
having undergone surgery. The first criteria avoids to
include patients with administrative data contaminated from
procedures due to the treatment of the first primary cancer
(non-breast), while the remaining exclusions are motivated
by the lack of well-defined guidelines [16] (Fig. 1).

The study population was divided in seven groups, each
expected to follow a different pathway, on the basis of
having received neoadjuvant treatment or not, stage at
diagnosis (I vs. II-III, American Joint Committee on Can-
cer System), and type of surgery (conservative vs. radical).
Four to seven process indicators were selected for each
group, based on recommendations from clinical guidelines
[17, 18] and on strength of the association between survival
and the measured procedure, as reported in the literature.
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2007-12 incident cases of
female breast cancer

N=7881

Not assessed for eligibility:
o Multiple tumors N=392
o Stage IV at diagnosis N=409
o Not underwent surgery N=566

Assessed for eligibility
N=6514

Excluded:

o Missing stage N=181

v

Total available for analysis

N=6333

Fig. 1 Flow chart

The seven indicators were: (1) An interval from diag-
nosis to breast surgery shorter than 3 months, because an
increase in time to surgery was shown to enhance the risk
of death (hazard ratio of 1.1 every 30 days up to 120 days)
[19]. We used as time of diagnosis the mammography date
or, for women under 50 years, the breast sonography date.
(2) Whether patients had lymph-node assessment, because
understaging at diagnosis has a therapeutic impact, since it
prevents patients from receiving adequate therapies, e.g.
adjuvant therapy [18, 20]. (3) Whether patients underwent
cytological and/or histological assessment before treat-
ment, as this is necessary to define grade and molecular
subtype [21] and consequently plan an appropriate treat-
ment. (4) Whether patients undergoing breast-conserving
surgery received a following radical surgery within
3 months, as a proxy for positive margins [22]. (5) In
patients with pathological stage II-III, whether they had
received adjuvant therapy (chemotherapy with or without
hormone therapy below age 70, and chemo or hormone
therapy for patients older than 70 years), because it is
established that this ensures a significant reduction in
mortality [23-25]. (6) Analogously, whether patients
receiving breast-conserving surgery had a breast radiation
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treatment within a year after surgery [26], or if patients
with a primary tumor extent T >3 and undergoing
neoadjuvant treatment received radiotherapy regardless of
the type of surgery [27]. (7) Whether patients had mam-
mography follow-up within 18 months after surgery
[28, 29]. The indicators considered for each group are
detailed in Table 1.

Definition of adherence and potential confounders

Firstly, we counted the number of indicators that each patient
had met and divided it by the total number for which the
patient was eligible, obtaining the proportion of adherence.
Follow-up indicators were not counted for patients who had
died or developed metastasis in the time window used to
calculate them. Metastasis onset was assessed by adminis-
trative data. For the primary analysis, we defined as adherent
the care pathway of patients with a proportion of met indi-
cators equal or greater than 80%. Sensitivity analyses were
planned at different cut-offs, and considering adherence as
an ordinal and a continuous variable (Appendix 1).

We constructed a directed acyclic graph (DAG) [30, 31]
to represent assumptions regarding the underlying causal
relationships between guideline adherence, survival and a
set of clinical and socioeconomic variables. The DAG
(Online Resource 1) utilizes these assumptions to select the
potential confounders, rather than relying on the statistical
associations observed in the data at hand. The selected
confounders are then used in the statistical analysis aiming
at evaluating the ‘causal’ impact of receiving a care
adherent to guidelines on survival.

Primary outcome measure

The primary outcome was overall survival. Patients mov-
ing outside the Lombardy region were lost to follow-up and
censored at the last available contact. Administrative cen-
soring was set at 31/06/2015. We first investigated the
relationship between adherence and survival in the entire
cohort. We then performed a subgroup analysis for age
(<50 vs. 50-69 vs. >69). We also explored the association
between adherence and survival within clinical pathways,

Table 1 Percentage of patients who fulfilled each included indicator (row) by the assignment criteria (columns) of the 7 clinical pathways,

Milan province, Italy, 2007-12

No neoadjuvant therapy Neoadjuvant therapy All
Conservative surgery  Radical surgery T stage < 3 T stage > 3
Stage 1 Stage Stage I ~ Stage Conservative Radical
II-1I1 II-1I1 surgery surgery
Indicators N=258 N=1780 N =322 N=1117 N =307 N=168 N =153 N = 6333
1 Mammography (or 81.28 83.31 85.71 79.59 79.48 70.24 41.51 81.07
ultrasound < 50 years)
within 3 months before
surgery
2 Lymph node staging within ~ 88.94 89.21 81.37 70.64 90.55 63.10 71.70 84.65
3 months before surgery”
3 Cyto-histologic assessment  70.73 69.38 70.50 71.80 75.57 76.19 73.58 70.93
within 3 months before
surgery”
4 No second surgery within 97.52 94.94 n.i. ni. 97.06 n.i. ni. 96.51
3 months
5 Adjuvant medical treatment® n.i. 75.17 n.i. 77.72 n.i. n.i. n.i. 76.14
6 Radiotherapy after 84.90 84.38 n.i. n.i. 81.25 n.i. 68.00 84.29
conservative surgery®
7 Follow-up mammography 88.83 85.90 80.94 71.80 88.93 76.28 71.11 84.27
in the 18 months after
surgery
N of indicators 6 7 4 5 6 4 5

n.i. not included

% Or at surgery. Lymph node staging within 3 months before the start of neoadjuvant therapy and surgery for patients undergoing neoadjuvant

chemotherapy

> Oor neoadjuvant treatment, for patients undergoing it

c

4 Or any surgery after neoadjuvant therapy in patients with T stage > 3

Chemotherapy/hormone therapy for patients > 70 years; chemotherapy < 70 years
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i.e., groups of patients eligible to the same procedures and
thus with the same indicators. We did it for the three most
frequent groups: patients not undergoing neo-adjuvant
treatment and undergoing conservative surgery in stage I
(pathway 1) and stage II-III (pathway 2), and undergoing
radical surgery in stage II-III (pathway 4).

Sources of data

The data used to calculate the process indicators came from
electronic sources of health data, including hospital discharge
database, prescription database, database of outpatient diag-
nostic, and therapeutic procedures. Deterministic record
linkage on a unique key was used to match all information at
patient level (further details can be found in a previous paper
[32]). Record linkage was performed at the local health
authority, which owns the health data and houses the cancer
registry. Patient characteristics and data on breast cancer at
diagnosis were available from the cancer registry of the Milan
province, and included age, pathological stage, grading,
molecular classification [21], and number of positive lymph
nodes. We also considered indices of socioeconomic status
derived from administrative health databases (marital status,
employment, education), calculated the Charlson comorbidity
index from inpatient and outpatient databases [33, 34], and
included deprivation index on a zip code basis [35].

We derived the patient vital status from the health registry
office of the entire Lombardy region [36], where an update is
performed every 6 months covering at least 95% of deaths.

Statistical analysis

Differences between the distribution of the covariates
among patients with adherent (>80%) and nonadherent
care were assessed using the x> test. To investigate the
‘causal’ relationship between survival and adherence (di-
chotomous variable with a 80% cut-off), we fitted an
inverse probability weighted (IPW) marginal structural
model [37]. After selecting potential confounders based on
the DAG, we created a pseudo-population by the use of
(stabilized) inverse probability of adherence weights to
mitigate the differences between patients with adherent and
nonadherent care. These weights were estimated through a
multivariable logistic regression model on adherence,
including as covariates the potential confounders: molec-
ular type, stage, grade, their first-degree interactions, age
(always as a continuous variable with restricted cubic
spline functions), Charlson comorbidity index, number of
positive nodes, marital status, employment, education, and
deprivation index. The final weights were obtained by
multiplying these weights with inverse probability of cen-
soring weights, obtained by an analogous logistic model on
censoring. The distribution of stabilized weights is fairly
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symmetrical, it ranges from 0.328 to 7.184 and is presented
in Appendix 2. In order to evaluate the balance induced by
these weights, the confounders among patients with
adherent and nonadherent care in the pseudo-population
were compared by standardized differences of the mean/
proportion. We fitted an IPW logistic model on a person-
time dataset, which estimates an odds ratio approximating
a discrete-time hazard ratio (HR) [37]. This model is
analogous to an IPW Cox model but it allows more flexi-
bility. We fitted a model assuming a constant hazard ratio
and a second one allowing for a time-varying HR including
an interaction term between adherence and a flexible
function of time. After exploring different time functions,
we chose a restricted cubic spline with three knots at 18,
36, and 68 months (corresponding to the 30th, 60th, and
90th percentiles) on Akaike Information Criteria basis.

Sensitivity analyses were performed considering different
cut-offs of adherence (from 60 to 90% by 10%, Appendix
1.1), considering adherence as a four classes ordinal variable
and as a continuous variable (Appendix 1.2).

Percentages of missing values were 13.6% for grading,
13.7% for molecular subtypes, 7.6% for number of positive
nodes, 16.5% for marital status, 24.3% for education, and
0.6% for employment. All analyses were performed after
multiple imputations on missing values, assuming they
were missing at random given age, stage, type of surgery,
and deprivation index. Imputation was performed by fitting
a model on each variable with missing values including
adherence, the indicators common to all pathways, and all
potential confounders (50 imputed datasets, multivariate
imputation by fully conditional specification [38], MI SAS
procedure). Parameter estimates were combined according
to Rubin using the MIANALYZE [39] procedure of the
software SAS. As sensitivity analyses, we estimated the
proportional hazards IPW marginal structural model also
on the 3238 patients with all necessary data on potential
confounders in the original dataset (Appendix 1.3) and on
patients <69 years (Appendix 1.4).

Results are presented both as HRs with their 95% con-
fidence intervals (CI), and as survival curves. Tests were
two-sided. All analyses were performed using SAS soft-
ware v.9.4 [40]. Graphs were performed using R [41].

Results
Study population characteristics

Between 2007 and 2012, 7881 incident cases of female
epithelial breast cancer were recorded in the cancer reg-
istry. Based on pre-defined exclusion criteria, not included
patients were: 392 because of multiple tumors, 409 for
being in stage IV, and 566 for not receiving surgery. We
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also excluded 181 patients with missing data on stage, as
this variable is essential to assign the clinical pathway
(Fig. 1). All remaining patients (6333) were included in the
analysis. Sixty-nine percent (4374) of the population was
classified as having an adherent care at the 80% cut-off.

Median follow-up time was 5.6 years (95% CI,
5.4-5.7 years). Seventy-one patients (1.1%) emigrated
outside Lombardy during the study period and were cen-
sored (median follow-up time, 3 years). Overall, 5-year
survival was 90% (95% CI, 89-91%).

Among the seven groups, the one including women in
stage 1 undergoing conservative surgery was the most
frequent (2586, Table 1), while the pathway starting with
neoadjuvant therapy in patients with pT > 3 had only 53
patients. Among indicators common to all groups, cyto-
histologic assessment before surgery (indicator 3) was the
more stable varying from 69.4 to 76.2% (SD, 2.5).

Demographic and socioeconomic characteristics of the
population and features of the tumor at diagnosis are
described in Table 2. Mean age at diagnosis was 61 years
(SD, 13.6), and 46.3% of patients were in the screening age
range (50-69 years). There were more patients aged
50-69 years and less patients aged 70 years and older in
the adherent group with respect to nonadherent (48.9 vs.
40.6% and 25.3 vs. 34.0%). Overall, grade 2 was the most
represented at diagnosis (53.5%), and there were less grade
3 patients among adherents (33.8 vs. 37.1%). The majority
of patients were in Stage I (49.7%), and there were less
advanced stages in the adherent group (Stage II-III, 47.4
vs. 56.8% in nonadherent). Concerning molecular subtype,
luminal A and B were the most frequent accounting for
37.7 and 38.7%. At least one comorbidity was found for
21.7% of patients. Patients with 3 or more comorbidities
were 3.4% in the nonadherent vs. 1.4% in the adherent
group. Thirty-eight percent of patients lived in a town-hall
in the richest quintile of the Lombardy region (deprivation
index V), with no differences between adherent and non-
adherent patients. Almost seventy percent of patients were
married, 72.8% among adherent and 63.1% among non-
adherent. Overall, 60.1% had a middle school degree or
lower, with the greatest difference between adherent and
nonadherent for middle school (26.1 vs. 23.2%). Con-
cerning occupational status, 40.0% were retired; among the
remaining, 51.7% (1974/3817) were housewife or unem-
ployed, 52.0% among adherents and 50.9% among non-
adherents. After imputation of variables with missing
values, the distribution of patients in classes and adherence
groups remained similar and associations between potential
confounders and adherence groups were confirmed
(Table 2). After weighting, the standardized differences of
the mean/proportion in confounders between adherent and
nonadherent were all lower than 0.025 (Fig. 2, results
shown for the first imputation).

Association between adherence and survival

Overall, the estimated risk of death was 30% lower for
patients receiving adherent care compared to those with
nonadherent care (HR, 0.66; 95% CI, 0.55-0.77, Table 3).
The model not assuming a constant HR over time, showed
a decreasing protective effect over the first 5 years of fol-
low-up (Table 3 and Fig. 3, panel a). The model-based
estimate of 5-year survival was 93.2% for adherent vs.
83.4% for nonadherent patients (Fig. 3, panel b). Regard-
ing the HRs of death for adherent vs. nonadherent patients,
in the subgroup analyses stratifying for age (Table 3), the
estimated HRs were 0.88 (95% CI, 0.55-1.38) < 50 years,
0.68 (95% CI, 0.49-0.95) between 50-69 years and 0.61
(95% CI, 0.48-0.77) > 69 years. The trend of the HR over
time for the three age subgroups is shown in Table 3 and
Online Resource 2.

Table 4 shows results in the three most frequent path-
ways, all characterized by no neoadjuvant therapy. For
patients in pathway 1 (stage I and conservative surgery),
the reduction of death risk for receiving adherent care was
larger than 50% (HR, 0.44; 95% CI, 0.28-0.69, Table 4).
In pathway 2 (stages II-III and conservative surgery), the
HR was 0.66 (95% CI, 0.49-0.90). For pathway 4 (stages
II-IIT and radical surgery), the HR was 0.70 (95% CI,
0.53-0.92).

Results were consistent across the performed sensitivity
analyses (Appendix 1).

Discussion

In this population-based study of women diagnosed with
non-metastatic breast cancer, patients whose care was
adherent to a pre-defined set of guidelines were 30% less
likely to die in the first 5 years after diagnosis compared to
nonadherent ones.

Two previous studies investigated the relationship
between adherence and survival for breast cancer using a
conditional multivariable Cox model, accounting for age
and tumor characteristics, but not for socioeconomic fac-
tors and comorbidities as potential confounders [11, 13].
The study of Cheng et al. [13] found a better overall sur-
vival for patients with a 100% adherent care (HR of death
for adherent vs. nonadherent, 0.46). The study from van de
Water [11] found analogous results, both below 65-year
(HR, 0.57) and over 75-year of age (HR, 0.62).

Few other real-world studies have attempted to relate
adherence to guidelines with survival in tumors [8—10].
However, due to controversial aspects of this type of
studies, heterogeneous analytical methodologies were used.
One issue is the rational used to choose indicators to be
included in each pathway. The aim of the present study was
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Fig. 2 Standardized differences
between adherent and
nonadherent patients of the
mean/proportion of confounders
in the population (filled circles)
and in the pseudo-population
created using adherence weights
(empty circles). In the pseudo-
population, the difference in the
distribution of confounders
between adherent and
nonadherent patients is reduced
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Age

Grading 1

Grading 2

Grading 3

Stage |

Stage Il

Stage Il

Molecular subtype, Luminal A
Molecular subtype, Luminal B
Molecular subtype Luminal, Her2
Molecular subtype, Her2 type
Molecular subtype, Triple negative
N of positive nodes, 0

N of positive nodes, 1-3

N of positive nodes, 4-9

N of positive nodes, =10
Charlson index, 0

Charlson index, 1-2

Charlson index, >=3

Deprivation index, | quintile
Deprivation index, Il quintile
Deprivation index, lll quintile
Deprivation index, VI quintile
Deprivation index, V quintile

Marital status Never married
Marital status, Married

Marital status, Divorced

Marital status, Widow

Education, None or elementary school
Education, Middle School
Education, High School

Education, College and higher
Employment, Housewife/unemployed
Employment, Worker

Employment, Office workerfteacher
Employment, Manager and professional
Employment, Retired

0.0

0.1 02 03

05 06 07 08 09 10

Standardized mean difference

Table 3 Results from the inverse probability weighted marginal structural models investigating the relationship between adherence and survival

in the whole population and stratifying for age

% of adherents

Proportional
hazard model
HR (95% CI)

Nonproportional hazard model

HR (time since diagnosis) (95% CI)

1 year

2 years

5 years

No.
All patients 6333
Age
<50 years 1626
50-69 years 2933
>69 years 1774

69

69
73
62

0.66 (0.55-0.77)

0.88 (0.55-1.38)
0.68 (0.49-0.95)
0.61 (0.48-0.77)

0.47 (0.36-0.61)

0.63 (0.27-1.38)
0.51 (0.30-0.87)
0.45 (0.31-0.67)

0.56 (0.47-0.68)

0.61 (0.35-1.05)
0.59 (0.40-0.86)
0.56 (0.42-0.74)

0.90 (0.70-1.15)

1.34 (0.67-2.70)
0.91 (0.56-1.49)
0.77 (0.55-1.08)

HR hazard ratio, CI confidence interval
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Fig. 3 Results from the inverse probability weighted (IPW) marginal
structural model for the association between adherence and survival.
Hazard ratio (HR) of death for adherent vs. nonadherent patients over
time (panel a) and survival curves for the two groups (panel b)

to confirm the benefit of adherence to guidelines—which
already refer to procedures that demonstrated a survival
benefit in RCTs—on survival in real-world care. Conse-
quently, we only included indicators measuring procedures
known or expected to increase directly survival. We did not
include indicators measuring different aspects of the care
pathway, such as quality of life or excess of staging/follow-
up procedures [42]. A second controversial is if, and how,
to weight the different indicators. Since there is no widely
accepted method to objectively assign loads, and subjec-
tively defined weights may reduce generalizability [43, 44],
we assigned the same weight to all indicators included in
each pathway. The last issue is how to determine which
degree of adherence is necessary to see a benefit [45]: we
performed sensitivity analyses, both at different cut-offs
and considering adherence as an ordinal and continuous
variable, and found that results were robust to the definition
of adherence.

This is an observational study, consequently prone to
confounding by the biology of the cancer and patient
characteristics. To account properly for that, we took a
causal inference approach, hypothesizing a network of
causal relationships in the DAG. All identified potential
confounders, both patient-related and tumor-related, were
available and accounted for in the analysis. The IPW model
weights each patient by (the inverse of) its propensity to
adhere/not adhere to guidelines with respect to all con-
founders. This weighting creates a new population
(pseudo-population) in which confounders are balanced
between the two groups (Fig. 2).

In the elderly, overall survival could include a sub-
stantial number of not breast cancer related deaths, also in
the first five years after diagnosis. However, both adherent
and nonadherent patients are subjected to mortality from
other causes with no expected major differences among
them, especially after adjusting for the major determinants
of non-related breast cancer death in the elderly (i.e., age,
comorbidities and socio-economic status) [46]. Moreover,
the results of the sensitivity analysis on patients younger

Table 4 Results from the inverse probability weighted marginal structural models investigating the relationship between adherence and survival

in the three most frequent paths (all no neoadjuvant therapy)

Pathway No. % of adherents HR (95% CI) P

1 Conservative surgery, stage I 2586 77 0.44 (0.28-0.69) <.001
2 Conservative surgery, stage II1-II1 1780 69 0.66 (0.49-0.90) 0.008
4 Radical surgery, stage II-111 1117 63 0.70 (0.53-0.92) 0.011

HR hazard ratio, CI confidence interval
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than 70 years of age (Appendix 1.4) are consistent with
those of the entire sample.

This study confirms, at a population level, the impact of
adherence to guidelines on survival in non-metastatic
breast cancer patients undergoing surgery. This finding
should further increase the awareness of the healthcare
professionals taking care of women with breast cancer on
the importance of adhering to evidence-based guidelines.
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Appendix 1: Sensitivity analyses

1. Results of the IPW marginal structural model, assuming
proportional hazards, investigating the association between
survival and adherence as a dichotomous variable, using
different cut-offs to define adherent care. Results, here and
in the following section, are presented as the Hazard ratio
(HR) of death for adherent vs. nonadherent patients and
their 95% confidence intervals (CI).

Adherence HR (95% CI) P

<67% vs. > 86% 2.83 (2.29-3.45) <.001
>67 and < 75% vs. > 86% 1.57 (1.14-2.14) 0.005
>75 and < 86% vs. > 86% 1.01 (0.80-1.28) 0911

Cut-off % of adherent pts HR (95% CI) P
60% 84 0.71 (0.58-0.87) 0.001
70% 77 0.63 (0.52-0.76) <.001
80% (main analysis) 69 0.66 (0.55-0.77) <.001
90% 38 0.88 (0.73-1.07) 0.21

2. Results of the IPW marginal structural model,
assuming proportional hazards, investigating the associa-
tion between survival and adherence as a four class ordinal
variable (cut-points: 20th percentile, corresponding to
67%; 30th percentile, 75%; 60th percentile, 86%), and as a
continuous variable. For the ordinal variable, probability of
adherence given potential confounders f{AIL), was esti-
mated using a cumulative logistic regression model with
the same covariates of the main analysis, with the excep-
tion of all first-degree interactions.

@ Springer

For adherence treated as a continuous variable varying
between 0 and 100, f{AIL) is a probability density function
and it was estimated through a linear regression model,
including the same covariates of the main analysis, and
then assuming a normal distribution with constant variance.
We estimated an IPW marginal structural model for the
association between survival and adherence as a flexible
function (restricted cubic spline with three knots at 50, 85
and 90%). The graph illustrates the 8-year probability of
death for increasing adherence level, which is higher for
low adherence percentage and decreases almost linearly up
to 80%. This trend motivated the choice of the cut-off for
the main analysis presented in the article.

e
-

Probability of death

e
= T T T T

0 20 40 60 80 100
Percentage of adherence (%)

3. Complete cases analysis: we estimated an [PW mar-
ginal structural model for the association between survival
and adherence assuming proportional hazards using only
patients with all necessary potential confounders in the
original dataset (3238). Characteristics of this population
are described in the table below. The proportion of
adherent patients was 69%. The estimated HR was 0.71
(95%CI, 0.57-0.90, P = 0.004).
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No. of pts 3238

Adherent Nonadherent
No. 2237 No. 1001
N % N %
Age
<50 years 654 29.24 298 29.77
50-69 years 1037 46.36 362 36.16
>69 years 546 24.41 341 34.07
Grading
1 241 10.77 99 9.89
2 1189 53.15 523 52.25
3 807 36.08 379 37.86
Stage
1 1143 51.10 439 43.86
2 780 34.87 402 40.16
3 314 14.04 160 15.98
Molecular subtype
Luminal A 817 36.52 375 37.46
Luminal B 897 40.10 371 37.66
Luminal Her2 240 10.73 117 11.69
Her2 type 96 4.29 56 5.59
Triple negative 187 8.36 76 7.59
N of positive nodes
0 1431 63.97 618 61.74
1-3 524 23.42 260 25.97
4-9 161 7.20 66 6.59
>10 121 5.41 57 5.69
Charlson index
0 1733 77.47 755 75.42
1-2 471 21.05 206 20.58
>3 33 1.48 40 4.00
Deprivation index, quintiles
I 273 12.20 146 14.59
1I 265 11.85 128 12.79
III 336 15.02 135 13.49
1A% 525 23.47 208 20.78
\% 838 37.46 384 38.36
Marital status
Never married 238 10.64 113 11.29
Married 1627 72.73 635 63.44
Divorced 88 3.93 47 4.70
Widow 284 12.70 206 20.58
Education
None or elementary school 713 31.87 370 36.96
Middle School 606 27.09 230 22.98
High School 814 36.39 339 33.87
College and higher 104 4.65 62 6.19
Employment
Housewife/unemployed 553 24.72 211 21.08
Workers 242 10.82 90 8.99
Office worker/teachers 540 24.14 232 23.18
Managers and professionals 86 3.84 48 4.80
Retired 816 36.48 420 41.96

4. Results of the IPW marginal structural model, assuming
proportional and non-proportional hazards, investigating the
association between survival and adherence as a dichoto-
mous variable, excluding patients > 69 years.

No. % of Proportional ~ Non proportional
adher-  hazard hazard model
ents model
HR HR(time since diagnosis)
(95% CI) (95% CI)
1 year 2 years 5 years
4559 72 0.73 0.55 0.58 1.04
(0.56-0.95) (0.36-0.86)  (0.43-0.80)  (0.70-1.56)

HR hazard ratio, CI confidence interval

Appendix 2. Distribution of weights

Distribution of stabilized weights derived from the analysis
of 50 imputed datasets (missing data imputed by fully
conditional specification using MI SAS procedure). Stan-
dard errors (SE) have been pooled according to Rubin [39].
Minimum and maximum are the lowest and highest values
found across all datasets.

Stabilized Mean SE Median 1Q IIIQ Min Max
weights

Inverse probability of:

Adherence  1.005 0.001 0.958 0.888 1.079 0.328 7.177
Censoring ~ 1.000  0.000 1.000 0.999 1.000 0.949 1.123
Adherence  1.005 0.001  0.958 0.888 1.079 0.328 7.184
and

censoring

Q quartile, Min minimum, Max maximum
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