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ABSTRACT

Aim: The main objective of the current study was to explore the value of risk-adjustment when comparing (i.e.
benchmarking) long-term overall survival (OS) in breast cancer (BC) between Swedish regions. We performed
risk-adjusted benchmarking of 5- and 10-year OS after HER2-positive early BC diagnosis between Sweden’s two
largest healthcare regions, constituting approximately a third of the total population in Sweden.

Methods: All patients diagnosed with HER2-positive early-stage BC between 01-01-2009 and 31-12-2016 in
healthcare regions Stockholm-Gotland and Skane were included in the study. Cox proportional hazards model
was used for risk-adjustment. Unadjusted (i.e. crude) and adjusted 5- and 10-year OS was benchmarked between
the two regions.

Results: The crude 5-year OS was 90.3% in the Stockholm-Gotland region and 87.8% in the Skane region. The
crude 10-year OS was 81.7% in the Stockholm-Gotland region and 77.3% in the Skane region. However, when
adjusted for age, menopausal status and tumour biology, there was no significant OS disparity between the
regions, neither at the 5-year nor 10-year follow-up.

Conclusion: This study showed that risk-adjustment is relevant when benchmarking OS in BC, even when
comparing regions from the same country that share the same national treatment guidelines. This is, to our
knowledge, the first published risk-adjusted benchmarking of OS in HER2-positive BC.

1. Introduction

participating healthcare providers. Benchmarking BC outcome in-
dicators (e.g. survival) is valuable but complex, as outcome variations

Benchmarking of health outcomes is an established method in
Swedish breast cancer (BC) care [1] for identifying differences in per-
formance between hospitals [2], and complements the Swedish national
guidelines for BC care [3] to ensure equitable and high-quality care.
Benchmarking entails collecting data on performance indicators from
healthcare providers and comparing the results between the

can be caused by confounding factors outside the control of the
healthcare provider [4], such as age and tumour biology. Adjusting re-
sults for the effect of these confounders (i.e. risk-adjustment) has been
shown to improve the accuracy of benchmarking health outcomes
outside the BC setting [5]. The National Quality Register for Breast
Cancer (NKBC) of Sweden, launched in 2008, has a high coverage for
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quality assurance, benchmarking, and research [6]. It collects data in a
shared national database and encompasses all BC cases’ diagnostic and
therapeutic processes and outcomes. The NKBC is tasked with per-
forming annual national benchmarking of BC care.

BC is the most common cancer among women in Sweden and
worldwide [7]. Both clinical demographic and tumour-related factors
impact survival after BC diagnosis [3]. Human Epidermal Growth Factor
Receptor-2 (HER2) is amplified in 14% of BC[8], a characteristic of
tumour aggressiveness and poor prognosis [9]. The systemic treatment
option for early-stage HER2-positive BC is adjuvant or neoadjuvant
treatment with chemotherapy and one year of HER2-directed antibody
treatment [3,10]. HER2-targeted therapy (HER2-therapy) has decreased
mortality for HER2-positive BC by a third in early-stage HER2-positive
BC [11-14].

The 2021 annual report from the NKBC showed that 10-year OS for
early-stage HER2-positive BC varied from 69% to 81% between the
Swedish healthcare regions [1]. This could be a clinically relevant sur-
vival difference. Still, as the NKBC does not adjust their results for
confounders like demographics and tumour characteristics, it is unclear
whether survival differences are due to inter-regional differences in
healthcare performance. Risk-adjustment might improve the accuracy
and meaningfulness of BC survival comparisons. However, to our
knowledge, no studies have assessed the value of risk-adjustment in
benchmarking BC survival.

Our primary aim was therefore to assess the importance of risk-
adjustment by comparing crude and adjusted 5-year survival rates and
10-year survival rates separately for early-stage HER2-positive BC using
variables available in the NKBC. Secondly, we aimed to adjust for de-
mographic and tumour-related factors and benchmark long-term sur-
vival rates in HER2-positive early-stage breast cancer patients between
Stockholm-Gotland and Skane, Sweden’s two largest healthcare regions.

2. Patients and methods

This study was approved by the Regional Ethics Review Board at the
Karolinska Institute (Dnr 2012/745-31/1) and complied with the
Declaration of Helsinki. As a result of Swedish legislation, patients
included in national quality registers do not need to provide written
informed consent for their data to be included in healthcare research
(opt-out). The study protocol is listed on the ISRCTN registry
(ISRCTN69229101) [15]. Results were reported according to the
STROBE-criteria for cohort studies.

2.1. Data source

This was a retrospective register-based cohort study where infor-
mation on participants where based on crossmatched data from the
NKBC and the Swedish Cause of Death Register [16]. The Swedish Na-
tional Board of Health and Welfare maintains the latter. Data from the
cohort was linked by unique Personal Identification Numbers [17].

Diagnostic and treatment data for patients with early-stage HER2-
positive BC in Stockholm-Gotland or Skane Healthcare Regions of
Sweden were obtained from the NKBC (Table 1). Data on the time of
death was collected from the Swedish Cause of Death Register.

2.2. Study population and cohorts

Women in the Stockholm-Gotland and Skane Healthcare Regions
(combined approximately 3.6 million inhabitants) above 18 at diagnosis
of early-stage HER2-positive BC were included in the study. All patients
were diagnosed between January 2008 and December 2016 and iden-
tified through NKBC. Dates of inclusion were chosen so that all patients
had at least 5 years of follow-up, deemed the minimal follow-up time for
clinical relevance. Start date of inclusion (2008-01-01) was chosen as it
was the first year with adequate coverage in the NKBC. HER2-positivity
was confirmed either with a result of 3+ on immunohistochemistry
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Table 1

Demographic and clinical characteristics of the patients in the two cohorts
Stockholm-Gotland and Skane Healthcare Regions. Statistical testing for dif-
ferences between the two cohorts is presented in the right column.

Characteristics Stockholm-Gotland N (%) Skane N (%) P-value
Total 1631 1023
Age at BC diagnosis, years
< 46 320 (19.6) 190 (18.6) 0.10
46-64 812 (49.8) 479 (46.8)
>65 499 (30.6) 354 (34.6)
Menopausal status
Premenopausal 569 (35.4) 316 (31.4) 0.037
Postmenopausal 1039 (64.6) 690 (68.6)
Not given 21 17
ER-status
Positive 1060 (65.8) 667 (66.8) 0.60
Negative 550 (34.2) 331(33.2)
Not given 21 25
PR-status
Positive 734 (46.1) 442 (44.5) 0.42
Negative 858 (53.9) 552 (55.5)
Not given 39 29
Histological grade
1 49 (3.2) 22 (2.4) 0.067
2 496 (32.4) 262 (28.7)
3 988 (64.4) 629 (68.9)
Not given 98 130
T-stage
0 11 (0.7) 5(0.5) <0.001
1 757 (46.7) 529 (52.4)
2 662 (40.8) 408 (40.4)
3 167 (10.3) 52 (5.1)
4 24 (1.5) 16 (1.6)
Not given 10 13
N-stage
0 953 (59.1) 535 (54.9) <0.001
1 541 (33.6) 297 (30.5)
2 78 (4.8) 90 (9.2)
3 40 (2.5) 52 (5.3)
Not given 19 49
Chemotherapy”
Yes 1172 (87.1) 704 (82.3) <0.001
No 174 (12.9) 151 (17.7)
Not given 54 23
Endocrine therapy®
Yes 841 (94.8) 526 (94.8) 1.00
No 46 (5.2) 29 (5.2)
Not given 53 22
Radiation therapy”
Yes 1064 (80.9) 570 (66.6) <0.001
No 251 (19.1) 286 (33.4)
Not given 54 22
HER2-therapy”
Yes 1107 (84.1) 690 (80.6) 0.016
No 209 (15.9) 166 (19.4)
Not given 54 22

 For treatment variables, only data from September 2009 to the end of 2016
were available in the Stockholm region. For fair comparison, only patients
diagnosed from 2006 to 09-01 to 2016-12-31 were included in the treatment
data. Endocrine treatment is presented as the fraction of patients that had an
indication for endocrine treatment (i.e. ER-positive patients) that also received
such treatment. Data on the date of BC diagnosis, age at the time of BC diagnosis,
tumour staging, nodal status, tumour biology (histological grade, estrogen re-
ceptor (ER) and progesterone receptor (PR) status), and received neo-adjuvant/
adjuvant oncological treatment (chemotherapy, HER2-targeted therapy, endo-
crine therapy, and radiotherapy) were retrieved from the NKBC. Data on the
time of death was collected from the Swedish Cause of Death Register.

(IHC) or with a positive ISH-test (i.e. gene amplification) if the tumour
scored as equivocal (IHC 2+).

Women with non-HER2-positive BC, primary metastatic (de novo)
BC (defined as distant metastasis within three months from diagnosis
date) and women without surgical resection of primary BC for other
reasons were excluded.

Two study groups were formed: 1) Women with early-stage HER2-
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positive BC in the Stockholm-Gotland Healthcare Region (Stockholm-
cohort); 2) Women with early-stage HER2-positive BC in the Skane
Healthcare Region (Skane-cohort).

2.3. Covariates

We categorised age as <45 years, 46-64, and >65 years; menopausal
status as pre- or postmenopausal; ER/PR status as positive or negative
and histological grade as 1,2 or 3. The TNM classification system was
used for tumour and lymph node staging [18]. In neoadjuvant-treated
patients, T and N-stage at diagnosis were based on diagnostic biopsy,
radiology or clinical examination. Oncological treatment, including
chemotherapy, HER2-therapy, endocrine therapy, and radiotherapy,
was reported for descriptive purposes and not planned to be included in
the risk-adjustment models. This decision was made as we did not want
to adjust for effects that directly reflect healthcare performance and are
within control of the participating hospitals.

3. Outcome measures

The primary outcome measure in the current study was the 5- and
10-year OS from BC diagnosis. We compared crude and adjusted 5-and
10-year OS between the Stockholm-cohort and Skane-cohort.

OS was defined as the time (in years) between BC diagnosis and the
end of follow-up (2022-02-09) or death.

3.1. Statistical analyses

Univariable Cox proportional hazards regression model was initially
applied to identify covariates associated with all-cause death after BC
diagnosis. A threshold of P-value<0.10 was initially set for the inclusion
of the covariate in the multivariable Cox regression. The model was then
reduced using backward elimination with a threshold of P-value<0.05
to consider the covariate statistically significant and retain it in the
model. In model 1, we included patient characteristics as independent
predictors. In model 2, we further added tumour biological character-
istics to the model. Finally, model 3 was developed by reducing the
statistically insignificant variables (threshold of P < 0.05 for retain-
ment) from model 2 using backward elimination. Separate risk-
adjustment models were developed for 5- and 10-year OS. Hazard ra-
tios (HRs) with 95% confidence intervals were reported for each
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included covariate in the model. Our analysis accounts for the existence
of two distinct cohorts from separate regions, and as such, we conducted
two separate sets of Cox models. The first set encompasses patients with
a minimum follow-up of 5 years, while the second set focuses on patients
with a minimum follow-up of 10 years. We have reported both the crude
survival estimates using the Kaplan-Meier method and the adjusted
hazard ratios using the Cox proportional hazards model. The adjusted
survival curves presented in the figures were estimated based on the Cox
model with covariates set at their mean values. Survival disparities were
statistically tested by applying the non-parametric log-rank test.
Descriptive statistics and crude survival for the patients receiving HER2-
therapy versus those not receiving HER2-therapy were reported (Sup-
plementary Tables 1 and 2). The statistical software RStudio (4.2.2) and
SPSS (V26) were used.

4. Results

26,842 patients were diagnosed with BC in the two Healthcare Re-
gions between 2008 and 2016. Of these, 24,188 (90.1%) were excluded:
24,103 (89.8%) non-Her2 positive BC, 69 (0.3%) primary metastatic (de
novo) BC and 16 (0.1%) without surgical resection of the primary BC,
leaving a total of 2654 women that comprised the study population. Of
these, 1631 (61.5%) patients belonged to the Stockholm-cohort and
1023 patients (38.5%) to the Skane cohort (Fig. 1).

Patient characteristics, tumour characteristics and treatments were
summarised in Table 1. There was no significant difference in age dis-
tribution between the two cohorts. However, a higher proportion of the
patients were postmenopausal in the Skane-cohort compared to the
Stockholm-cohort (67.4% vs 63.7%; P = 0.037). The Stockholm-cohort
had significantly higher tumour stage (P < 0.001) while the Skane
cohort had higher nodal staging (P < 0.001). A higher fraction of the
patients in the Stockholm-cohort received HER2-targeted therapies
(84.1% vs 80.0%; P = 0.016) (Table 1). Median follow-up time using the
reverse Kaplan-Meier could not be estimated as the probability does not
drop to 0.5, which leads to an undefined follow-up time. Combined (for
the two cohorts) median survival time was 100 months for the endpoint
5-year OS and 135 months for the enpoint 10-year OS. Around 99.0% of
the patients that received HER2-targeted therapy also received chemo-
therapy in both cohorts (Supplementary Table 1). The Stockholm-
Gotland cohort had a higher fraction of patients 65 years and older
that received chemotherapy (74.4% vs 66.6%) and HER2-targeted

Assessed for eligibility
N=26,842

(Patients diagnosed with breast cancer
between 2008-2016 in Stockholm area

or Skéne area)
Excluded (N=24,188)
Not HER2-positive BC (N=24,103)
Primary stage IV (N=69)
Not operated due to other reasons (N=16)
Included
N=2,654

Patients in the
Stockholm area
N=1,631

10-year follow-up
N=634

5-year follow-up
N=1,631

Patients in the
Skane area
N=1,023

10-year follow-up
N=431

5-year follow-up
N=1,023

Fig. 1. Flowchart of included patients.
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therapies (74.4% vs 64.8%). Patients aged 65 and older received less - ° e .
chemotherapy and HER2-targeted therapies than the two younger sub- 23 S g ] 38
roups in both cohorts (Supplementary Table 3). & - « N N e
The development of risk-adjustment models for 5- and 10-year OS 5
are described in Table 2 and Table 3. ER/PR status did not pass the [} - < . .
significant threshold in the univariable analyses and was not included in 3 ¢ 8 IS 3% 53
the multivariable analyses. Model 3, including a minimum number of < °° - - o
statistically significant variables, was used as the final model at both 5-
and 10-year OS. Postmenopausal status, tumour stage >2, and lymph . SIS a @ =S
node stage >2 were all strong predictors of worse survival at both 5- and g & 51 & &0 3
10-year OS. Age>65 years strongly predicted worse survival at 10-year B
0OS. The HRs, P-values and their CI for all 3 models are reported in nq:,
Table 2. E . o o 'é' 'g § é g
= 20 = S S sc S <
4.1. Crude- and adjusted survival between stockholm and skane-cohort T b °° v vy vy
L
=1 )
The crude 5-year OS was higher in the Stockholm-cohort than the % § 5=
Skane-cohort (90.3% vs 87.8%, P = 0.04, Fig. 2A), but the difference E 7: § E
was not significant for crude 10-year OS (81.7% vs 77.3%, P = 0.07, B w g % § é- §' o o
Fig. 2B). When adjusted for confounders, there was no 5-year OS ST % RTINS " § g E T s
disparity between the cohorts (Fig. 2C). There was a trend of higher 3|2 Sl gggen “2: o
adjusted 10-year OS in the Stockholm cohort compared to the Skane %
cohort but this trend did not reach statistical significance (82.5% vs <
78.3%, HR 1.22, P = 0.167) (Fig. 2D). In subgroup analyses, patients g 5 § § g § g § § §
treated with HER2-treatment had higher 5- and 10-year OS than the o ~ — o <« o515 o8 S
patients that did not receive such treatment in both cohorts (Supple- E E
mentary Table 2). Q 5 . ® e oo oo
= |g| &% £ &g §E &%
5. Discussion § e e e - - - e e ’go
2 @
Performing risk-adjustment when benchmarking BC survival '§ o o " B ® o |2
improved accuracy. The crude 5-year OS disparity (90.3% vs 87.8%, P = N‘?‘ : § ? E § § E § E g §°
0.04) did not remain statistically significant after adjustment for the & %
patient- and tumour characteristics (91.3% vs 89.0%, HR 1.09, P = i %
0.487). The crude 10-year OS was 81.7% in Stockholm-Gotland region § = == == z
and 77.3% in the Skane healthcare region, higher than the national 2 o S8 2 28 23 % % ’g?;
average among all Swedish healthcare regions of 74% [1]. g @ e v vV vV °S| g
Tumour- and lymph node stages >2 had a negative impact on both 5- S ” o E
and 10-year OS. These findings were expected as they are well- % :-‘; o ¥ §o
established risk factors of death after BC diagnosis in all BC subtypes o T: TZ % % f
[18]. Patients above 65 have a worse 10-year OS. The main cause of this g <~ Bl § § §‘ = 2
is most likely that elderly patients have a lower expected 10-year OS in Es o] % & *ﬁ 3 §‘ g g % N % T; 5
general than younger patients. This effect might have been enhanced by £ é § i’o @ é % Sk E z’ ; . : 2L 28 4w i«
the increased risk of severe chemotherapy-induced toxicity in elderly E S
patients. However, no standard treatment exists for these patients; thus, - ‘E‘
in clinical practice, they are often given lower doses of chemotherapy or 5 v 2 2
single HER2-therapy, with a lower efficacy [19]. This is also in line with ?’ - e - .
our results, as we can show that patients above 65 years received less § T .§
chemotherapy and anti-HER2 therapy than the younger patient groups. iy “é E
Furthermore, being postmenopausal was a robust independent predictor 5 £ RN g ,L-):
of death at both time points, even when adjusting for age. Our findings 2 B S = — &
emphasise the importance of including TN-stage and menopausal status 3 o
when developing risk-adjustment models for BC survival. ; © ~ ° '§
Despite national guidelines [3], there are regional differences in how g o R 8 3 °
BC is treated in Sweden. In our study, the proportion of patients that 2 = b N §
received HER2-therapy was 84.1% in the Stockholm-Gotland region and < i
80.6% in the Skane region. A higher fraction of the patients in the 72, o =
Stockholm-Gotland cohort also received chemotherapy. This was sur- E o 5 § § E
prising, as the patients in the Skane cohort generally had more aggres- = & S v :::5
sive tumours with higher N-stage, indicating that more patients in the % " g
Skane cohort would benefit from more aggressive BC treatment. How- o g . c7> &
ever, these potential deviations from national guidelines could be ° T: g2 § 5
adequate as the Skane cohort also had older patients that might have g 8|z é éﬂ §- £ g
been deemed unfit for chemotherapy and HER2-therapy. N & ;) % 2 3 & g E '5 51
To our knowledge, no other studies have performed risk-adjustment % e é 3 % % & \'/% g g8 8 %
when benchmarking survival in HER2-positive early-stage BC between £A © T i <&
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Fig. 2. Kaplan-Meier curves (A and B) and adjusted Cox proportional hazards survival curves (C and D) demonstrating the benchmarking of 5- and 10-year overall
survival (OS) in a total of 2654 female patients with HER2-positive early-stage BC (Stockholm-Gotland (n = 1631) and Skane (n = 1023) Healthcare Regions,
Sweden) diagnosed 2008 to 2016. OS was defined as the time (in years) between BC diagnosis and the end of follow-up (February 9, 2022) or death. The Kaplan-
Meier curves in A represent the crude 5-year OS (n = 2654) showing a significantly longer 5-year OS for patients in the Stockholm-cohort compared to Skane-cohort
(Log-rank test: P = 0.04, chi-square (Xz) 4.09). The curves in B represent the crude 10-year OS (n = 1065). The adjusted Cox proportional hazards survival curves in C
and D represent the adjusted 5- and 10-year OS in 2654 and 1065 patients, respectively. Hazard ratios (HRs) describe the hazard ratio of being in the Stockholm-
Gotland cohort on 5- and 10-year adjusted OS. To enhance resolution and enable clearer differentiation and comparison, the survival curves have been truncated

while maintaining the integrity of the data.

HER2-positive early BC survival. Our primary objective in this study was
to emphasise the significance of risk-adjustment in survival analysis,
even when considering a minimal number of variables. We therefore
opted to focus on showcasing the importance of risk-adjustment itself
rather than comparing different methods with a broader set of cova-
riates. In variable selection, we consider which variables are expected to
exhibit substantial regional differences, and its influence is not reflected
in other variables. Future studies should continue optimising
risk-adjustment models by testing whether inclusion of comorbidity
burden, socioeconomic variables and ECOG performance status improve
the predictive capability of the models. Our study does not provide in-
formation about treatment data for the Stockholm-cohort from 2008 to
01-01 to 2009-09-30. This does not affect the risk-adjusted survival as
we do not adjust the results for treatments but limits us from drawing
any conclusions regarding how treatment differences might have
impacted survival disparities. Finally, the study could only assess overall
survival due to data availability. Including breast cancer specific sur-
vival as an outcome could have further illuminated breast cancer spe-
cific survival disparities.

6. Conclusions

In summary, the study demonstrates the feasibility and importance
of risk-adjusted benchmarking for HER2-positive early-stage BC in
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Sweden using readily available data from a quality register. The study
found significant crude survival disparities between the Stockholm-
Gotland and Skane regions, which were no longer significant after
adjusting for relevant confounders. These findings support the hypoth-
esis that risk-adjustment can enhance the accuracy and quality of
benchmarking in BC care. We plan to refine and validate the risk-
adjustment model to be applicable in all Swedish regions. We plan to
perform national and international risk-adjusted benchmarking of BC
survival.
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