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Simple Summary: Data on the outcome and treatment of young women with breast cancer (BC) in
Switzerland is scarce. We conducted a retrospective cohort study to evaluate treatment and outcome
of women aged < 40 years, diagnosed with stage I-III BC in Switzerland between 2000-2014. We
found that the majority of patients were treated according to international guidelines, however we
identified differences in quality-of-care score across the two Swiss linguistic/geographic regions
(Swiss Latin and Swiss German). Survival was high: 91.4% (95% confidence interval (CI) 90.2-92.5)
at 5 years and 83.1% (95% CI 81.2-78.5) at 10 years. After adjusting for multiple clinicopathological
factors only tumor characteristics and treatment period remained independently associated with
survival. We concluded that national guidelines for young women with BC should be implemented
to standardize treatment in Switzerland and awareness should be raised among young women and
clinicians that BC does not discriminate by age.

Abstract: Background: An increase in breast cancer (BC) incidence in young women (YW) as well
as disparities in BC outcomes have been reported in Switzerland. We sought to evaluate treatment
and outcome differences among YW with BC (YWBC). Methods: YW diagnosed with stage I-III BC
between 2000-2014 were identified through nine cancer registries. Concordance with international
guidelines was assessed for 12 items covering clinical /surgical management, combined in a quality-
of-care score. We compared score and survival outcome between the two linguistic-geographic
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regions of Switzerland (Swiss-Latin and Swiss-German) and evaluated the impact of quality-of-care
on survival. Results: A total of 2477 women were included. The median age was 37.3 years (IQR
34.0-39.4 years), with 50.3% having stage II BC and 70.3% having estrogen receptor positive tumors.
The mean quality-of-care score was higher in the Latin region compared to the German region
(86.0% vs. 83.2%, p < 0.0005). Similarly, 5- and 10-year overall survival rates were higher in the
Latin compared to the German region (92.3% vs. 90.2%, p = 0.0593, and 84.3% vs. 81.5%, p = 0.0025,
respectively). There was no difference in survival according to the score. In the univariate analysis,
women in the Latin region had a 28% lower mortality risk compared to women in the German region
(hazard ratio 0.72; 95% CI 0.59-0.89). In the multivariable analysis, only stage, differentiation, tumor
subtype and treatment period remained independently associated with survival. Conclusions: We
identified geographic disparities in the treatment and outcome of YWBC in Switzerland. National
guidelines for YWBC should be implemented to standardize treatment. Awareness should be raised
among YW and clinicians that BC does not discriminate by age.

Keywords: young women; breast cancer; Switzerland; management; outcome

1. Introduction

Breast cancer (BC) survival in Switzerland is high (with relative survival rates of
87.9% (95% C1 87.3-88.5) at 5 years and 80.1% (95% CI 79.2-81.0) at 10 years) [1]. Breast
Cancer in Young Women (YW), defined as BC diagnosed in women aged <40 years, is
rare and represents approximately 6% of all BC cases in developed countries [2]. However,
an increase in BC in YW was reported in several countries, including Switzerland [3-5].
Because BC screening is not recommended for this age group, YW are more likely to be
diagnosed with symptomatic disease and at a more advanced stage [5,6]. Additionally, YW
have a greater proportion of triple-negative and human epidermal growth factor 2 (HER2)-
positive tumors and worse outcomes than older women, especially for luminal tumors [7].
Evidence-based international guidelines to optimize treatment, minimize side effects, and
improve outcomes of YW with BC (YWBC) have been specifically developed [8-11].

The Swiss healthcare system is characterized by universal coverage ensured through
mandatory health insurance, readily available access, and care provision decentralization
and fragmentation. The latter aspect is attributable to the fact that healthcare is mostly
the responsibility of the 26 cantons and, thus, varies among them [12]. Previous studies
described geographic disparities in BC early detection and treatment across the country
with significant variability in the type of axillary staging procedures, reconstruction rates,
and recommendations for the use of endocrine- and chemotherapy [13]. These aspects
and differences in treatment attitudes can partly explain the regional disparities in the BC
survival and mortality rates in Switzerland [14,15].

To date, no comprehensive information exists at the national level on the management,
treatment, and outcomes of YWBC in Switzerland. We sought to evaluate quality-of-
care and survival in YWBC in the two linguistic-geographic regions of the country (Latin
and German).

2. Methods
2.1. Study Population and Data Source

Women aged < 40 years diagnosed with primary invasive BC between 2000 and
2014, were identified through nine population-based cancer registries (Basel (Stadt and
Landschaft), Fribourg, Geneva, Neuchatel, Jura, Vaud, Ticino, Wallis, and Zurich), covering
approximately 45% of the Swiss population and including four out of five Swiss University
Hospitals (Figure 1). All registries included cases diagnosed during 2000-2014 except the
registries of Basel (2000-2011), Fribourg (2006-2014), and Jura (2005-2014) (Supplementary
Material Table S1).
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Figure 1. Swiss regions (cantons) participating in the study. Swiss-Latin cantons, including Swiss-

Italian and Swiss-French, are depicted in yellow. Swiss-German cantons are depicted in red.

Patients meeting the following criteria were excluded: diagnosis made at autopsy,
non-epithelial BC, and case information restricted to death certificate.

2.2. Variables

Variables of interest routinely collected by the cancer registries included age, period
(2000-2004, 2005-2009, 2010-2014, missing), methods of diagnosis (mammography screen-
ing, clinical screening, breast self-examination, other (including symptoms or incidental
finding), or unknown), tumor stage classified according to the Tumor Node Metastasis
(TNM) pathological system (0, I, I, III, IV, unknown), tumor differentiation (well, moder-
ately, or poorly differentiated, or unknown), tumor histology (ductal, lobular, or other),
estrogen and progesterone receptor status (positive if >1% expressed, negative, or un-
known), locoregional (including type of breast surgery received (none, lumpectomy, or
mastectomy) and type of axillary surgery (none, sentinel lymph node biopsy or axillary
lymph node dissection)), and systemic treatment (receipt of chemotherapy, endocrine
therapy and target therapy).

An ad hoc questionnaire for variables not routinely recorded by the registries (includ-
ing family history (FH) of BC, sector of care, multidisciplinary discussion, and markers not
routinely recorded from the beginning of the study period (i.e., Ki-67 and HER?2 status))
was developed and filled out by trained registrars in each registry after reviewing medical
charts. Tumor subtypes were defined as follows:

e Triple-negative: estrogen receptor (ER) and progesterone receptor (PR) staining <1%
and HER2 immunohistochemical score classified as 0 or 1+. In case of equivocal HER2
status (2+), tumors were considered HER2— if fluorescence in situ hybridization (FISH)
showed an HER2-to-probe ratio < 2.0.

e  HER2+: ER/PR < 1% and HER2 immunohistochemical score of 3+ or HER2-to-probe
FISH ratio > 2.0.

e Luminal A-like: ER/PR > 1% HER2- and Ki-67 < 14% or ER/PR > 1% HER2- and well
or moderately differentiated tumors.
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e  Luminal-B-like: ER/PR > 1% HER2+ or ER/PR > 1% HER2- and Ki-67 > 14%, or
ER/PR > 1% HER2- and poorly differentiated tumors.

A positive FH was defined as any first- or second-degree relative affected by BC.

2.3. Covariate Measures

Based on the aims of the study and on clinical knowledge, the following covariates
were considered in the survival model: age (categorized in 4 groups (<25, 25-29, 30-34,
35-40 years) for description and recategorized as (<35, >35 years) in the models), period of
diagnosis, tumor differentiation, tumor stage and subtype, linguistic-geographic region,
and quality-of-care score.

2.4. Linguistic-Geographic Region

The linguistic-geographic regions were created by dividing the cantons into two
groups representing the two main Swiss language regions (Basel and Zurich in the German
region and all the remaining ones in the Latin (French/Italian) region), as previous reports
have shown differences in cancer risk avoidance behaviors, use of health care services, and
socioeconomic status in the two regions [13,16]. The attribution to the linguistic-geographic
region was determined based on the residence of the patient at the time of diagnosis and it
was considered to be unrelated to the place of birth or nationality.

2.5. Quality-of-Care Score

Concordance with international guidelines available at the time of diagnosis including
the European Society of Breast Cancer Specialists (EUSOMA) recommendations [17,18],
St. Gallen International Breast Cancer Consensus Guidelines [19-25], and ESO-ESMO
International Consensus Guidelines for Breast Cancer in Young Women (BCY) [8] was
assessed for 12 items covering clinical and surgical management combined in a quality-of-
care score. The following indicators were assessed:

e  For clinical management: method of diagnosis, time to start of treatment of <6 weeks
from diagnosis, complete pathology report (pT, pN, tumor grade, ER%, and PR%);

e  For locoregional treatment: negative final margins, 1 surgical procedure only, >10 lymph
nodes removed if axillary lymph node dissection (ALND) performed, radiotherapy
(RT) following breast-conserving surgery (BCS), RT boost if BCS, and RT after mastec-
tomy when indicated;

e  For systemic therapy: receipt of (neo)adjuvant chemotherapy, receipt of (neo)adjuvant
anti-HER? therapy, and prescription of endocrine therapy.

Indicators were scored as “1” when correctly performed, “0” when not correctly
performed, and “not applicable” when the therapy was not applicable to the type or
stage of cancer. We calculated an overall quality-of-care score for each patient. Missing
datapoints were excluded from the quality-of-care score calculation. The overall score for a
given patient was the ratio of the sum of all scored indicators by the number of indicators
applicable for that patient.

We defined quality of care according to the distribution of the score. We categorized
the quality of care into 4 categories: patients with a score of 100% were included in one
group; the others were divided in tertiles: high-, medium-, and poor-quality care.

2.6. Outcome Measures

Survival time was the outcome of interest. We defined it as the time between the
date of diagnosis and the date of death for any cause, the date of departure from the
canton, or the end of follow-up (31 December 2018), whichever came first. Cancer-specific
survival was estimated using net survival in the relative survival setting. Net survival can
be interpreted as the probability of surviving BC in the absence of any other cause of death,
by accounting for potential differences in other-cause mortality rates across Swiss cantons.
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2.7. Statistical Analysis

Patient and tumor characteristics, treatment setting, and quality-of-care scores were
compared between the two linguistic-geographic regions using a t-test or chi-square test.

Two measures were used to evaluate survival. First, overall survival considered
death from all causes. Kaplan-Meier estimates for overall survival (OS), by region and
by score, were compared using log-rank test. Then, univariate and multivariable time-
to-event analyses (Cox regression model for OS and Royston-Parmar [26] model for net
survival) were conducted to evaluate the impact of covariables on survival. All covariates
that were significant at the « < 0.05 level in the univariate analysis were considered in
the multivariable model. A separate category for missing cases for each variable was
included in the models. All tests were evaluated for statistical significance at alpha level
0.05. Statistical analysis was performed using STATA (Version 15.1, StataCorp, College
Station, TX, USA).

Due to missingness, we performed two sensitivity analyses considering extreme case
scenarios. In the first scenario, we attributed a score of “1” to all applicable but missing
cases as if they were performed correctly. In the second analysis, we considered that all
applicable but missing cases were not correctly performed and received a score of “0”.

2.8. Ethics

The study was approved by the ethical committees of the Geneva and Zurich Cantons
(no. 2017-01074).

3. Results

We included 2477 women, 1469 of which were from the Latin region and 1008 of which
were from the German region. The median age was 37.3 years (IQR 34.0-39.4) for both
regions. The majority of patients had stage II, poorly differentiated, ER+ tumors, and were
treated in the public sector. Women in the Latin region were more likely to be diagnosed
with stage I disease (36.4% vs. 30.5%, p = 0.013) and with Luminal-B-like tumors (50.4% vs.
43.9%, p = 0.034) and to be diagnosed between 2010 and 2014 (38% vs. 31.9%, p = 0.006),
but they were less likely to have a positive FH (37.7% vs. 44.9%, p = 0.005) (Table 1).

Table 1. Clinicopathological characteristics of the study cohort, stratified by linguistic-geographic region.

o Total Latin German
Characteristics "= 2477 1 = 1469 1 = 1008 p-Value
Median, years (IQR) 37.3 (34.0-39.4) 37.3 (34.1-39.4) 37.3 (33.9-39.5) 0.880
Age, n (%)
<25 22(0.9) 15 (1.0) 7(0.7)
25-29 160 (6.5) 93 (6.3) 67 (6.6) 0811
30-34 584 (23.6) 338 (23.0) 246 (24.4) .
35-40 1709 (69) 1021 (69.6) 688 (68.3)
Unknown 2 2 0
Period of Diagnosis
2000-2004 731 (29.5) 409 (27.9) 322 (31.9)
2005-2009 864 (34.9) 500 (34.1) 364 (36.1) 0.006
20102014 880 (35.6) 558 (38.0) 322 (31.9)
Missing 2 2 0
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Table 1. Cont.

Total Latin German

Characteristics "= 2477 1 = 1469 7 = 1008 p-Value
Stage
I 789 (34.1) 507 (36.5) 282 (30.5)
I 1165 (50.3) 673 (48.3) 492 (53.2) 0.013
I 362 (15.6) 212 (15.2) 150 (16.2)
Unknown 161 77 84
Tumor differentiation
Well 207 (8.7) 143 (10.1) 64 (6.5)
Moderately 1019 (42.6) 630 (44.6) 389 (39.7) <0.0001

Poorly 1166 (48.7) 639 (45.3) 527 (53.8)

Unknown 85 57 28
Tumor subtype
Triple negative 432 (20.3) 244 (19.1) 188 (22.0)

HER2+ 150 (7.0) 86 (6.7) 64 (7.5) 0.034
Luminal B-like 1019 (47.8) 644 (50.4) 375 (43.9) ’
Luminal A-like 531 (24.9) 304 (23.8) 227 (26.6)

Unknown * 345 191 154

Family history
Negative 1058 (60.2) 768 (62.3) 290 (55.1)
Positive ™ 700 (39.8) 464 (377 236 (44.9) LeLte
Unknown 719 237 482
Treatment setting

Public 1238 (69.4) 809 (68.0) 429 (72.2) <0.0001
Private 546 (30.6) 381 (32.0) 165 (27.8) )

Unknown 693 279 414

Cancer stage: according to American Joint Committee on Cancer (AJCC) 8th Edition. Statistically significant
values are indicated in bold. HER2: human epidermal growth factor 2. * Receptor status: considered as missing
if >1 receptor (ER, PR, HER2) missing. ** Positive family history defined as any first or second degree relative
affected by breast cancer.

3.1. Quality-of-Care Score

Table 2 shows the scores for each individual quality-of-care indicator according to the
linguistic-geographic region. Differences between the two regions were in the proportion
of women with >10 lymph nodes removed at ALND (75.8% in the Latin region vs. 82.5%
in the German region, p = 0.002) and of women receiving whole breast RT and boost after
BCS (92.5% and 95.8% in the Latin region vs. 75.0% and 88.6% in the German region,
respectively, both p < 0.0001). Significant differences were also seen in the prescription
and receipt of systemic therapy including adjuvant chemotherapy, anti-HER2 therapy and
endocrine therapy, being more often used in the Latin region. However, the high proportion
of missing datapoints for anti-HER? therapy made data comparison difficult.

Overall, the mean score was 86.0 (standard deviation (SD) 15.8) for the Latin region
and 83.2 (SD 16.5) for the German region (p < 0.0005) with more than 50% of women in the
Latin region having a score >88 compared to only 28% in the German region (Table 3). To
confirm these findings, we performed two sensitivity analyses. In the first, we attributed a
score of “1” to all applicable but missing cases in both regions as if they were performed
correctly. The mean quality-of-care score in the Latin region remained higher than in the
German region (87.6 (SD 13.0) vs. 85.0 (SD 14.1), p < 0.0005). In the second analysis, we
considered that all applicable but missing cases were not correctly performed and received
a score of “0”. Again, the mean quality-of-care score in the Latin region remained higher
than in the German region (82.5 (SD 18.8) vs. 78.4 (SD 19.1), p < 0.0005).
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Table 2. Quality-of-care indicators stratified by linguistic-geographic region.

Latin Region (n = 1469) German Region (1 = 1008) p-Value
Clinical Management 1 Point No Point Missing 1 Point No Point Missing
n (%) n (%) n n (%) n (%) n
Pretreatment diagnostic
biopsy/FNA (19‘;6;’“) (011) 4 (11%008) - ; 0.407
(n = 2477) : :
Time to start of treatment <6
el s z o 2 2 ¥ oo
(n =2477) : : ‘ :
Pathology report indicating 1330 139 927 81
ER%, PR%, tumor size and (90.5) 9.5) } (92.0) (8.0) ) 0.220
tumor differentiation All features 1-3 features All features 1-3 features ’
(n =2477) present missing present missing
Locoregional therapy
“No ink on tumor” on final
margin (18(())432) (12 95 67) 171 ( 8747%5) (11 ;1 %__’) 94 0.012
(n = 2477) : : : :
Only 1 surgical procedure 1004 412 716 271
(n = 2477) (70.9) (29.1) 53 (72.5) (27.5) 21 0.381
Removal of > 10 LN when
undergoing ALND
(n =1507) 689 220 3 485 103 2 0.002
Not applicable (n = 771) (75.8) (24.2) (82.5) (17.5) )
Missing
(n=199)
RT following BCS
(n = 1430) 739 60 473 158
Not applicable (1 = 974) - - <0.0001
Missing (92.5) (7.5) (75.0) (25.0)
(n=73)
RT boost on tumor bed if BCS
i = 25t 659 29 318 41
Not applicable (n = 974) 111 272 <0.0001
Missing (95.8) 4.2) (88.6) (11.4)
(n="73)
Post Mastectomy RT
(n = 343) 140 64 97 4
Not applicable (1 = 2049) - - 0.820
PPMiSSmg (68.6) (31.4) (69.8) (30.2)
(n = 85)
Systemic therapy
Adjuvant chemotherapy if
appropriate
(n =1190) 648 50 _ 364 128 } <0.0001
Not applicable (1 = 1004) (92.8) (7.2) (74.0) (26.0) :
Missing
(n=283)
Adjuvant anti-HER2 therapy
if HER2+
(n =571) 220 9 107 13
Not applicable (1 = 1675) (96.1) (3.9) I (89.2) (10.8) A e
Missing
(n =231)
Endocrine therapy prescribed
(n = 1670) 855 157 431 227
Not applicable (1 = 707) - - <0.0001
PPMiSSmg (84.5) (15.5) (65.5) (34.5)
(n=100)

Frequency (row %). Statistically significant values are indicated in bold. ALND, axillary lymph node dissection;
BCS, breast-conserving surgery; FNA, fine needle aspiration; ER, estrogen receptor; HER2, human epidermal
growth factor 2; LN, lymph node; RT, radiation therapy; PR, progesterone receptor; RT, radiotherapy.
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Table 3. Quality-of-care scores distribution by linguistic-geographic region.
Latin Region German Region
Score
n = 1469 % n =1008 %

100% 554 37.71% 334 18.65%
89-99% 194 13.21% 92 9.13%
79-88% 322 21.92% 213 21.13%
68-78% 191 13.00% 181 17.96%

<67% 208 14.16% 188 18.65%

0.9

0.8

Survival probability
0.7

0.6

o
=

Number at risk
Swiss Garman
Swiss Latin

3.2. Survival

The median follow-up for the entire cohort was 7.6 years. The OS in the full cohort
was 91.4% (95% confidence interval (CI) 90.2-92.5) at 5 years and 83.1% (95% CI 81.2-78.5)
at 10 years, and was higher for women in the Latin region compared to those in the German
region (5-year OS: 92.3% (95% CI 90.1-93.6) vs. 90.2% (95% CI 88.0-91.9), p = 0.0593;
10-year OS: 84.3% (95% CI 81.8-86.4) vs. 81.5% (95% CI 78.4-84.2), p = 0.0025, respectively)
(Figure 2). In the univariate analysis, there was no difference in the OS according to
quality-of-care score tertiles (Supplementary Material Figure S1). In the multivariable
analysis, the linguistic-geographic region was not independently associated with the OS
(Latin region (referent): HR 0.86, 95% CI 0.70-1.07). Factors that were independently
associated were tumor stage and differentiation, tumor subtype, and period of diagnosis
(Table 4). The multivariable analysis for net cancer-specific survival showed similar results
(Supplementary Material Table S2).

— Swiss German Region  — Swiss Latin Region

r— 17— 1" 1 1 """~ """+ "7 "7 "1 "7 "1 "1 "1 1
S L T - T - T R - S S SR S ..

Years since diagnosis

1000 T24 345 a1
1464 1043 484 128

Figure 2. Kaplan—-Meier estimates for overall survival of young women with breast cancer treated
between 2000 and 2014 in Switzerland.
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Table 4. Univariate and multivariable associations between clinicopathological factors and over-
all survival.

Multivariable *

Hazard Ratio (95% CI) p

Univariable

Hazard Ratio (95% CI) p

Linguistic-geographic region

German region

Ref

Ref

Latin region 0.72 (0.59-0.89) 0.003 0.84 (0.68-1.03) 0.097
Age group
<35 Ref Ref
>35 0.79 (0.63-0.98) 0.031 0.87 (0.7-1.09) 0.228
Quality-of-care score
1st tertile Ref
2nd tertile 0.84 (0.61-1.16) 0.280
3rd tertile 0.94 (0.70-1.26) 0.670
100% 0.83 (0.64-1.08) 0.168
Period of diagnosis
2000-2004 Ref Ref
2005-2009 0.68 (0.54-0.87) 0.002 0.59 (0.46-0.76) <0.0001
2010-2014 0.66 (0.48-0.89) 0.008 0.59 (0.43-0.81) 0.001
Tumor differentiation
Well Ref Ref
Moderately 3.11 (1.58-6.12) <0.0001 2.36 (1.19-4.67) 0.014
Poorly 5.22 (2.68-10.17) <0.0001 3.20 (1.59-6.42) 0.001
Missing 4.72 (2.09-10.69) <0.0001 2.90 (1.24-6.76) 0.014
Tumor stage
I Ref Ref
I 2.75(1.97-3.83) <0.0001 2.42 (1.73-3.38) <0.0001
III 6.34 (4.46-9.02) <0.0001 5.55 (3.98-7.93) <0.0001
Missing 4.91 (3.18-7.58) <0.0001 4.32 (2.77-6.75) <0.0001
Tumor subtype
Triple negative Ref
Luminal A like 0.41 (0.28-0.58) <0.0001 0.62 (0.41-0.95) 0.028
Luminal B like 0.77 (0.59-1.02) 0.067 0.83 (0.63-1.11) 0.213
HER2+ 1.12 (0.73-1.73) 0.598 0.95 (0.61-1.47) 0.810
Unknown 0.67 (0.48-0.94) 0.019 0.66 (0.46-0.96) 0.031

Statistically significant values are indicated in bold. Ref: reference category. * Adjusted for linguistic-geographic
region, age, period of diagnosis, tumor differentiation, stage, and subtype.

4. Discussion

In this study, we evaluated compliance with international guidelines for the man-
agement of YWBC (<40 years) and survival in the two linguistic-geographic regions
of Switzerland between 2000 and 2014. Overall, the great majority of YWBC received
guidelines-concordant care, with women treated in the Latin region having a significantly
higher score and higher OS compared to those treated in the German region. However,
after adjusting for clinicopathological factors and period of diagnosis, the OS was not
significantly associated with the quality-of-care score or the linguistic-geographic region.

The finding of high compliance with guidelines-recommended treatment in Switzer-
land mimics the results of a recent study from the United States. The authors analyzed
data from 952 YWBC diagnosed in 2013 in the National Cancer Institute’s Patterns of Care
Study and found that 81.7% received guideline-concordant care [27]. This is promising
as adherence to treatment guidelines is associated with improved BC outcomes [28] and
shows that physicians are willing to follow evidence-based guidelines for this specific
group of patients.
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Notably, the survival rate of our population was very high (91.4% and 83.1% at 5 and
10 years, respectively) compared to other studies conducted in this age group. In the POSH
study, which evaluated the effect of germline BRCA1/2 mutation on BC survival in YW
diagnosed in the United Kingdom between 2000 and 2008, the 5-year OS was 83.8% among
mutation carriers and 85.0% among noncarriers; the 10-year OSs were 73.4% and 70.1%,
respectively [29]. In a study from the Memorial Sloan Kettering Cancer Center including
529 very YW (<35 years) with stage I-III BC treated between 1990 and 2010, only 73% of
patients were alive at 10 years [30]. However, the high OS rates in our study could also be
explained by the high proportion of patients (over two-thirds) having hormone receptor
positive tumors, known to have better outcomes compared to other tumor subtypes [31].

Geographic heterogeneity in the early detection and treatment of BC patients in
Switzerland was previously reported. Ess et al. analyzed data of nearly 5000 women
diagnosed with early BC between 2003 and 2005 and found considerable geographic
variation in the proportion of women with early diagnosis, mastectomies and reconstruction
rate, use of sentinel lymph node biopsy, and compliance with recommendations on the use
of endocrine therapy and chemotherapy [13].

However, we did not find an association between the quality-of-care score and OS.
There are multiple possible explanations for such a result. First, the mean quality-of-care
score was very high across the entire cohort, with only 2.7% (67/2477) of women having a
score <50%. This may have limited our ability to detect the potential association between
a low score and poor survival. Second, the indicators we used, although important to
measure adherence to guidelines, are not reliable predictors of a particular outcome. None
of the variables we included are specific to YWBC. Lastly, the high rate of missing data for
some of the indicators may also explain the lack of association.

Previous studies have found significant differences in BC survival across Swiss re-
gions; Fisch et al. analyzed data from over 11,000 patients diagnosed with BC between
1988 and 1997 and found regional OS differences after adjustment for age and stage. In
their study, survival was lowest in the rural parts of German-speaking regions (eastern
Switzerland) and highest in urbanized regions of the Latin- and German-speaking regions
(northwestern Switzerland) [14]. In the present study, we confirmed regional differences
in outcomes with 5- and 10-year OS being higher in the Latin region compared to the
German region. However, this difference did not persist after adjustment for other clinico-
pathological factors, and only tumor stage, grade, tumor subtype, and treatment period
remained independently associated with survival. Given the prognostic role of tumor
stage at diagnosis and that screening programs are not recommended for this age group,
efforts should be made to raise awareness among YW and physicians. This is particularly
important because while some authors have reported that most YW do not experience
delays after breast abnormality detection [32,33], others found that many YW diagnosed
with locally advanced BC experienced doctor delays [33].

The main limitations of the study are related to its retrospective nature. This ex-
plains the high number of missing data for variables not routinely collected by cancer
registries and the number and type of variables included in the quality-of-care score. In
addition, we were not able to capture other potential confounders such as socioeconomic
and racial/ethnical factors, although the universal health insurance coverage and the racial
homogeneity of the Swiss population make the confounding from these factors less likely.
We were able to include only nine registries covering ~45% of the Swiss population because
most of the other Swiss cancer registries did not cover the study period. This could po-
tentially explain the baseline difference in tumor characteristics between the two regions.
Additionally, data on treatment after the first 6-12 months from diagnosis and locoregional
and distant recurrences were not available, affecting the accuracy of some indicators and
the ability to provide patterns of disease recurrence. The strengths of the study are the
large sample size of YWBC under study and the long follow-up, the inclusion of women
from both linguistic-geographic regions and from the public and private sectors.
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5. Conclusions

This was the first study evaluating concordance with international guidelines and
outcomes of YWBC in Switzerland. In the setting of a healthcare system characterized
by high expenditures, universal access to services, and high decentralization, we found
that guideline concordance was high and survival rates were very high. However, the
level of care varied according to the geographic region and disparities can be reduced with
implementation of national guidelines for the care of YWBC. After adjustment for other
clinicopathological factors, OS was not affected by the linguistic-geographic region, but by
cancer features at diagnosis such as stage, grade, and subtype. Given that mammographic
screening is not recommended for YW, until other screening methods are recognized as
effective, our results highlight the importance of increasing BC awareness among YW. Ad-
ditionally, physicians should be aware that BC does not discriminate by age and particular
attention should be paid to FH and early sign and symptoms that can be easily mistaken as
benign findings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cancers14051328 /s1, Table S1: Number of cases per canton per
year, Table S2: Univariate and multivariable associations between clinicopathological factors and net
survival.; Figure S1: Kaplan-Meier estimates for overall survival by quality-of-care score tertiles.

Author Contributions: E.R., O.P,, D.AT.,, GM,, LR,, EM,, AS. and A.B. developed the concept and
initiated the study. E.R., O.P, D.A.T.,, GM., LR, EM,, AS., AB, RS, LR, Y.B, BWA.vdL,IK,
SR, K.S., M.M.-C. and J.-L.B. contributed substantially to the acquisition of data. R.S. conducted the
statistical analysis. G.M., E.R. and R.S. drafted the manuscript. ER., O.P, D.A.T,, GM,, LR, EM,,
AS.,AB,RS,LR,YB,BWAvdL,IK,SR,KS., MM.-C. and J.-L.B. helped to critically revise
the draft for important intellectual content, and read and approved the final version to be published.
All authors have read and agreed to the published version of the manuscript.

Funding: The study was funded by the Swiss Cancer League (HSR-4078-11-2016).

Institutional Review Board Statement: The study was approved by the ethical committees of the
Geneva and Zurich Cantons (no. 2017-01074, on 13 July 2017 and 18 October 2018).

Informed Consent Statement: Swiss cancer registries are authorized to collect nominative data and
to analyze anonymized data. Given the retrospective nature of this study patient consent was waived
by the ethical committees.

Data Availability Statement: E.R. had full access to the data and takes responsibility for the integrity
of the data and the accuracy of the data analysis.

Acknowledgments: This study was funded by the Swiss Cancer League (HSR-4078-11-2016). We
thank all the registrars that contributed to data collection, the National Institute for Cancer Epidemi-
ology and Registration (NICER), and the Department of Informatics of the University of Geneva for
technical support and the Swiss Association of Cancer Registries (ASRT) for logistical help.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  National Agency for Cancer Registration. Le Cancer en Suisse—Rapport 2021. Available online: https://www.onec.ch/fr/
statistiques-atlas/les-statistiques-national-sur-la-survie-au-cancer /2022 (accessed on 22 February 2022).

2. DeSantis, C.E.; Ma, J.; Gaudet, M.M.; Newman, L.A.; Miller, K.D.; Goding Sauer, A.; Jemal, A.; Siegel, R.L. Breast cancer statistics,
2019. CA Cancer J. Clin. 2019, 69, 438-451. [CrossRef] [PubMed]

3. Bodmer, A.; Feller, A.; Bordoni, A.; Bouchardy, C.; Dehler, S.; Ess, S.; Levi, F.; Konzelmann, I.; Rapiti, E.; Steiner, A.; et al. Breast
cancer in younger women in Switzerland 1996-2009: A longitudinal population-based study. Breast 2015, 24, 112-117. [CrossRef]
[PubMed]

4. Merlo, D.E; Ceppi, M,; Filiberti, R.; Bocchini, V.; Znaor, A.; Gamulin, M.; Primic-Zakelj, M.; Bruzzi, P.; Bouchardy, C.; Fucic,
A.; et al. Breast cancer incidence trends in European women aged 20-39 years at diagnosis. Breast Cancer Res. Treat. 2012, 134,
363-370. [CrossRef] [PubMed]

5. Cathcart-Rake, E.J.; Ruddy, K.J.; Bleyer, A.; Johnson, R.H. Breast Cancer in Adolescent and Young Adult Women Under the Age

of 40 Years. JCO Oncol. Pract. 2021, 17, 305-313. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/cancers14051328/s1
https://www.mdpi.com/article/10.3390/cancers14051328/s1
https://www.onec.ch/fr/statistiques-atlas/les-statistiques-national-sur-la-survie-au-cancer/2022
https://www.onec.ch/fr/statistiques-atlas/les-statistiques-national-sur-la-survie-au-cancer/2022
http://doi.org/10.3322/caac.21583
http://www.ncbi.nlm.nih.gov/pubmed/31577379
http://doi.org/10.1016/j.breast.2014.11.004
http://www.ncbi.nlm.nih.gov/pubmed/25522906
http://doi.org/10.1007/s10549-012-2031-7
http://www.ncbi.nlm.nih.gov/pubmed/22456983
http://doi.org/10.1200/OP.20.00793
http://www.ncbi.nlm.nih.gov/pubmed/33449828

Cancers 2022, 14, 1328 12 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Bharat, A.; Aft, RL.; Gao, F.; Margenthaler, ].A. Patient and tumor characteristics associated with increased mortality in young
women (< or =40 years) with breast cancer. J. Surg. Oncol. 2009, 100, 248-251. [CrossRef] [PubMed]

Partridge, A.H.; Hughes, M.E.; Warner, E.T.; Ottesen, R.A.; Wong, Y.N.; Edge, S.B.; Theriault, R.L.; Blayney, D.W.; Niland, J.C;
Winer, E.P; et al. Subtype-Dependent Relationship Between Young Age at Diagnosis and Breast Cancer Survival. J. Clin. Oncol.
2016, 34, 3308-3314. [CrossRef] [PubMed]

Partridge, A.H.; Pagani, O.; Abulkhair, O.; Aebi, S.; Amant, F; Azim, H.A., Jr.; Costa, A.; Delaloge, S.; Freilich, G.; Gentilini, O.D;
et al. First international consensus guidelines for breast cancer in young women (BCY1). Breast 2014, 23, 209-220. [CrossRef]
[PubMed]

Paluch-Shimon, S.; Pagani, O.; Partridge, A.H.; Bar-Meir, E.; Fallowfield, L.; Fenlon, D.; Friedman, E.; Gelmon, K.; Gentilini, O.;
Geraghty, J.; et al. Second international consensus guidelines for breast cancer in young women (BCY2). Breast 2016, 26, 87-99.
[CrossRef] [PubMed]

Paluch-Shimon, S.; Pagani, O.; Partridge, A.H.; Abulkhair, O.; Cardoso, M.].; Dent, R.A.; Gelmon, K.; Gentilini, O.; Harbeck, N.;
Margulies, A.; et al. ESO-ESMO 3rd international consensus guidelines for breast cancer in young women (BCY3). Breast 2017, 35,
203-217. [CrossRef] [PubMed]

Paluch-Shimon, S.; Cardoso, F.; Partridge, A.H.; Abulkhair, O.; Azim, H.A,, Jr.; Bianchi-Micheli, G.; Cardoso, M.].; Curigliano, G.;
Gelmon, K.A.; Harbeck, N.; et al. ESO-ESMO 4th International Consensus Guidelines for Breast Cancer in Young Women (BCY4).
Ann. Oncol. 2020, 31, 674-696. [CrossRef]

De Pietro, C.; Camenzind, P; Sturny, L; Crivelli, L.; Edwards-Garavoglia, S.; Spranger, A.; Wittenbecher, F.; Quentin, W.
Switzerland: Health System Review. Health Syst. Transit. 2015, 17, 1-288 xix.

Ess, S.; Savidan, A.; Frick, H.; Rageth, C.; Vlastos, G.; Lutolf, U.; Thurlimann, B. Geographic variation in breast cancer care in
Switzerland. Cancer Epidemiol. 2010, 34, 116-121. [CrossRef] [PubMed]

Fisch, T.; Pury, P.,; Probst, N.; Bordoni, A.; Bouchardy, C.; Frick, H.; Jundt, G.; De Weck, D.; Perret, E.; Lutz, ].M. Variation in
survival after diagnosis of breast cancer in Switzerland. Ann. Oncol. 2005, 16, 1882-1888. [CrossRef] [PubMed]

Bulliard, J.L.; La Vecchia, C.; Levi, F. Diverging trends in breast cancer mortality within Switzerland. Ann. Oncol. 2006, 17, 57-59.
[CrossRef]

NICER. Swiss Cancer Prevalance and Language Region. 2018. Available online: https://www.nicer.org/assets/files/
publications/others/skb_01_2018_swiss_cancer_prevalence_and_language_region.pdf (accessed on 20 December 2021).

Del Turco, M.R.; Ponti, A.; Bick, U.; Biganzoli, L.; Cserni, G.; Cutuli, B.; Decker, T.; Dietel, M.; Gentilini, O.; Kuehn, T,; et al.
Quality indicators in breast cancer care. Eur. J. Cancer 2010, 46, 2344-2356. [CrossRef] [PubMed]

Cardoso, F; Loibl, S.; Pagani, O.; Graziottin, A.; Panizza, P; Martincich, L.; Gentilini, O.; Peccatori, F; Fourquet, A,;
Delaloge, S.; et al. The European Society of Breast Cancer Specialists recommendations for the management of young women
with breast cancer. Eur. . Cancer 2012, 48, 3355-3377. [CrossRef] [PubMed]

Goldhirsch, A.; Glick, J.H.; Gelber, R.D.; Coates, A.S.; Senn, H.]. Meeting highlights: International Consensus Panel on the
Treatment of Primary Breast Cancer. Seventh International Conference on Adjuvant Therapy of Primary Breast Cancer. J. Clin.
Oncol. 2001, 19, 3817-3827. [CrossRef] [PubMed]

Goldhirsch, A.; Wood, W.C.; Gelber, R.D.; Coates, A.S.; Thurlimann, B.; Senn, H.]. Meeting highlights: Updated international
expert consensus on the primary therapy of early breast cancer. J. Clin. Oncol. 2003, 21, 3357-3365. [CrossRef] [PubMed]
Goldhirsch, A.; Glick, J.H.; Gelber, R.D.; Coates, A.S.; Thurlimann, B.; Senn, H.J.; Panel, M. Meeting highlights: International
expert consensus on the primary therapy of early breast cancer 2005. Ann. Oncol. 2005, 16, 1569-1583. [CrossRef] [PubMed]
Goldhirsch, A.; Wood, W.C.; Gelber, R.D.; Coates, A.S.; Thurlimann, B.; Senn, H.J.; Members, P. Progress and promise: Highlights
of the international expert consensus on the primary therapy of early breast cancer 2007. Ann. Oncol. 2007, 18, 1133-1144.
[CrossRef] [PubMed]

Goldhirsch, A ; Ingle, ].N.; Gelber, R.D.; Coates, A.S.; Thurlimann, B.; Senn, H.J.; Panel, M. Thresholds for therapies: Highlights of
the St Gallen International Expert Consensus on the primary therapy of early breast cancer 2009. Ann. Oncol. 2009, 20, 1319-1329.
[CrossRef] [PubMed]

Goldhirsch, A.; Wood, W.C.; Coates, A.S.; Gelber, R.D.; Thurlimann, B.; Senn, H.J.; Panel, M. Strategies for subtypes—Dealing
with the diversity of breast cancer: Highlights of the St. Gallen International Expert Consensus on the Primary Therapy of Early
Breast Cancer 2011. Ann. Oncol. 2011, 22, 1736-1747. [CrossRef] [PubMed]

Goldhirsch, A.; Winer, E.P; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thurlimann, B.; Senn, H.]J.; Panel, M. Personalizing the
treatment of women with early breast cancer: Highlights of the St Gallen International Expert Consensus on the Primary Therapy
of Early Breast Cancer 2013. Ann. Oncol. 2013, 24, 2206-2223. [CrossRef]

Royston, P.; Parmar, M.K. Flexible parametric proportional-hazards and proportional-odds models for censored survival data,
with application to prognostic modelling and estimation of treatment effects. Stat. Med. 2002, 21, 2175-2197. [CrossRef]

White, D.P.; Kurian, A.W.; Stevens, J.L.; Liu, B.; Brest, A.E.; Petkov, V.I. Receipt of guideline-concordant care among young adult
women with breast cancer. Cancer 2021, 127, 3325-3333. [CrossRef] [PubMed]

Wockel, A.; Kurzeder, C.; Geyer, V.; Novasphenny, I.; Wolters, R.; Wischnewsky, M.; Kreienberg, R.; Varga, D. Effects of guideline
adherence in primary breast cancer—A 5-year multi-center cohort study of 3976 patients. Breast 2010, 19, 120-127. [CrossRef]


http://doi.org/10.1002/jso.21268
http://www.ncbi.nlm.nih.gov/pubmed/19330813
http://doi.org/10.1200/JCO.2015.65.8013
http://www.ncbi.nlm.nih.gov/pubmed/27480155
http://doi.org/10.1016/j.breast.2014.03.011
http://www.ncbi.nlm.nih.gov/pubmed/24767882
http://doi.org/10.1016/j.breast.2015.12.010
http://www.ncbi.nlm.nih.gov/pubmed/27017247
http://doi.org/10.1016/j.breast.2017.07.017
http://www.ncbi.nlm.nih.gov/pubmed/28822332
http://doi.org/10.1016/j.annonc.2020.03.284
http://doi.org/10.1016/j.canep.2010.01.008
http://www.ncbi.nlm.nih.gov/pubmed/20185382
http://doi.org/10.1093/annonc/mdi404
http://www.ncbi.nlm.nih.gov/pubmed/16216833
http://doi.org/10.1093/annonc/mdj035
https://www.nicer.org/assets/files/publications/others/skb_01_2018_swiss_cancer_prevalence_and_language_region.pdf
https://www.nicer.org/assets/files/publications/others/skb_01_2018_swiss_cancer_prevalence_and_language_region.pdf
http://doi.org/10.1016/j.ejca.2010.06.119
http://www.ncbi.nlm.nih.gov/pubmed/20675120
http://doi.org/10.1016/j.ejca.2012.10.004
http://www.ncbi.nlm.nih.gov/pubmed/23116682
http://doi.org/10.1200/JCO.2001.19.18.3817
http://www.ncbi.nlm.nih.gov/pubmed/11559719
http://doi.org/10.1200/JCO.2003.04.576
http://www.ncbi.nlm.nih.gov/pubmed/12847142
http://doi.org/10.1093/annonc/mdi326
http://www.ncbi.nlm.nih.gov/pubmed/16148022
http://doi.org/10.1093/annonc/mdm271
http://www.ncbi.nlm.nih.gov/pubmed/17675394
http://doi.org/10.1093/annonc/mdp322
http://www.ncbi.nlm.nih.gov/pubmed/19535820
http://doi.org/10.1093/annonc/mdr304
http://www.ncbi.nlm.nih.gov/pubmed/21709140
http://doi.org/10.1093/annonc/mdt303
http://doi.org/10.1002/sim.1203
http://doi.org/10.1002/cncr.33652
http://www.ncbi.nlm.nih.gov/pubmed/34062616
http://doi.org/10.1016/j.breast.2009.12.006

Cancers 2022, 14, 1328 13 of 13

29.

30.

31.

32.

33.

Copson, E.R.; Maishman, T.C.; Tapper, W.]J.; Cutress, RL; Greville-Heygate, S.; Altman, D.G.; Eccles, B.; Gerty, S.; Durcan, L.T,;
Jones, L.; et al. Germline BRCA mutation and outcome in young-onset breast cancer (POSH): A prospective cohort study. Lancet
Oncol. 2018, 19, 169-180. [CrossRef]

Billena, C.; Wilgucki, M.; Flynn, J.; Modlin, L.; Tadros, A.; Razavi, P.; Braunstein, L.Z.; Gillespie, E.; Cahlon, O.; McCormick,
B.; et al. 10-Year Breast Cancer Outcomes in Women </=35 Years of Age. Int. |. Radiat. Oncol. Biol. Phys. 2021, 109, 1007-1018.
[CrossRef]

Colleoni, M.; Sun, Z.; Price, K.N.; Karlsson, P; Forbes, J.F.; Thurlimann, B.; Gianni, L.; Castiglione, M.; Gelber, R.D,;
Coates, A.S.; et al. Annual Hazard Rates of Recurrence for Breast Cancer During 24 Years of Follow-Up: Results From the
International Breast Cancer Study Group Trials I to V. J. Clin. Oncol. 2016, 34, 927-935. [CrossRef] [PubMed]

Ruddy, KJ.; Gelber, S.; Tamimi, R.M.; Schapira, L.; Come, S.E.; Meyer, M.E.; Winer, E.P; Partridge, A.H. Breast cancer presentation
and diagnostic delays in young women. Cancer 2014, 120, 20-25. [CrossRef]

Montagna, G.; Schneeberger, A.R.; Rossi, L.; Bianchi Micheli, G.; Meani, F.; Imperiali, M.; Spitale, A.; Pagani, O. Can we make a
portrait of women with inoperable locally advanced breast cancer? Breast 2017, 33, 83-90. [CrossRef] [PubMed]


http://doi.org/10.1016/S1470-2045(17)30891-4
http://doi.org/10.1016/j.ijrobp.2020.10.022
http://doi.org/10.1200/JCO.2015.62.3504
http://www.ncbi.nlm.nih.gov/pubmed/26786933
http://doi.org/10.1002/cncr.28287
http://doi.org/10.1016/j.breast.2017.03.002
http://www.ncbi.nlm.nih.gov/pubmed/28288387

	Introduction 
	Methods 
	Study Population and Data Source 
	Variables 
	Covariate Measures 
	Linguistic-Geographic Region 
	Quality-of-Care Score 
	Outcome Measures 
	Statistical Analysis 
	Ethics 

	Results 
	Quality-of-Care Score 
	Survival 

	Discussion 
	Conclusions 
	References

