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Abstract
Purpose  Breast cancer (BC) in women under 45 is rare yet often aggressive. We aim to analyze loco-regional recurrences 
(LR), distant recurrences (DR), second breast cancers, and mortality in young BC patients.
Methods  We enrolled 776 women with non-metastatic BC ≤45 years diagnosed from 1970 to 2012. Variables included age, 
family history, tumor stage/grade, and treatment. We used multivariate Cox regression and competing risk models.
Results  Among the participants, 37.0% were diagnosed before the age of 40. Most had stage I or II, grade II, ER- and PR-
positive, HER2-negative tumors. Over a median follow-up of 8.7 years, 10.1% experienced LR, 13.7% developed DR, and 
10.8% died, primarily due to BC. The majority of recurrences occurred within the first five years. Older age (>40) signifi-
cantly reduced the risk of LR and DR. Advanced disease stage, certain surgical strategies, and positive margins increased 
DR risk. In the cohort diagnosed between 2001 and 2012, recent diagnosis, triple-negative cancer, and hormonal therapy 
were associated with reduced LR risk. Breast-conserving surgery appeared to offer protective effects against DR.
Conclusion  This study highlights that BC in young women carries a significant risk of early recurrence, with age, tumor 
characteristics, and treatment modalities influencing outcomes. The findings emphasize the need for tailored treatment strate-
gies for young BC patients, focusing on surgical precision and aggressive adjuvant therapy for high-risk cases. This research 
contributes valuable insights into managing BC in younger patients, aiding in improving long-term outcomes.
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GCR​	� Geneva cancer registry
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Background

A breast cancer (BC) diagnosis in young women is relatively 
rare. In 2020, the age-standardized incidence rate in Europe 
for women aged 45 and older was estimated at 228.6 per 
100,000, compared to 20.1 per 100,000 for those 45 years 
or younger [1]. Breast cancer is the leading cause of cancer 
death among women under 45 [1].

Young women with BC typically present with larger, 
more aggressive, and advanced tumors, leading to shorter 
survival [2]. They have a higher risk of developing recur-
rences [3–5]. Particularly, loco-regional recurrences (LR) 
in this group have been linked to increased risks of distant 
metastasis and mortality [6]. BC subtypes also influence 
recurrence patterns. HER2-positive and triple-negative 
tumors, more common in younger women, are prone to local 
and distant recurrences (DR) [2, 7].

The risk of loco-regional and distant recurrences for 
young women with breast cancer has not been extensively 
investigated. Young patients with breast cancer usually rep-
resent a very small subset of eligible patients in randomized 
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clinical trials and observational study populations, the latter 
often reporting only on hospital-selected patients [8]. Few 
population-based studies have specifically addressed this 
demographic [7, 9, 10].

A study by Aalders et al. noted a decline in 5-year local 
and regional recurrence rates in patients under 35 from 
2003 to 2008, attributing this improvement to advancements 
in treatment and management [11]. The role of systemic 
therapy and targeted drugs in reducing recurrence risk is 
acknowledged, but longer follow-up is needed for accurate 
risk assessment in very young women.

Furthermore, when estimating the absolute risk of recur-
rence and death for clinical purposes or risk stratification, it 
is important to consider that these events are not independ-
ent from each other and that the estimation without consid-
ering competing risks could be biased. In general, it tends 
to overestimate the risk and the bias increases with length 
of follow-up and for less common end-points as local recur-
rences (LR) [12].

We constituted a retrospective population-based cohort 
of breast cancer women aged ≤45 years in Geneva, Switzer-
land, with the purpose of evaluating tumor characteristics, 
patterns of care, prognostic factors, and outcomes of breast 
cancer in this population [13]. In the present article, we use 
competing risk analysis to describe the long-term patterns 
of loco-regional recurrences, distant recurrences, second 
breast cancer, and death in this cohort of young women. 
This approach allows us to avoid biased risk estimates. In 
addition, we investigated factors associated with the devel-
opment of recurrences.

Methods

The cohort has been enrolled using the population-based 
Geneva Cancer Registry (GCR), which records since 1970 
all incident cancers occurring in the population of the county 
(approximately 500,000 inhabitants in 2023). The detail 
study protocol has been previously described [13]. In brief, 
all women resident in the canton of Geneva and diagnosed 
with non-metastatic primary invasive breast cancer (stages 
I–III) at the age of 45 years or less between 1970 and 2012 
were enrolled in the cohort. Women with previous or syn-
chronous invasive cancer were not included.

Data routinely registered from the GCR include patient, 
tumor, and treatment characteristics. Pathological and medi-
cal files were reviewed to collect additional data, such as 
family history of breast cancer and recurrences. As estro-
gen and progesterone receptor (ER and PR) status recording 
began in 1995, the study was limited to patients diagnosed 
from 1995 to 2012 who underwent surgical treatment.

Individual characteristics of interest were age at diagno-
sis, year of diagnosis, and family history of breast and/or 

ovarian cancer. Familial risk was categorized as high (at 
least one first-degree relative with breast/ovarian cancer 
diagnosed before the age of 50 years, or at least two first-
degree relatives with breast/ovarian cancer at any age, or 
at least three cases of breast/ovarian cancer among first- or 
second-degree relatives), low (no affected first- or second-
degree relatives with breast/ovarian cancer), or moderate 
(all other known family histories) according to a previous 
study by our group [14]. Tumor variables considered were 
tumor stage and tumor differentiation coded according to the 
TNM using the pathological classification and when miss-
ing the clinical classification [15]. ER and PR status were 
categorized as positive (when at least 1% of the receptors 
were positive), negative, or unknown. The information about 
the Ki67 and HER2 status were collected only since 2000 
and 2001, respectively. Therefore, we were able to classify 
tumor biology as expressed by tumor biomarker subtypes 
only for the subset of women diagnosed since 2001. Based 
on ER and PR status, Ki67, expression of HER2 and grade, 
four breast cancer surrogate subtypes were defined [16, 17]: 
Luminal A-like: (Ki67 <14%, or if unknown grade I or II, 
HER2−, ER+, and/or PR+); Luminal B-like (any Ki67 or 
any grade, HER2+, ER+, and/or PR+; Ki67 ≥14%, or if 
unknown grade III, HER2−, ER+, and/or PR+); HER2+/
HR− (HER2+, ER−, and PR−); and Triple negative 
(HER2−, ER−, and PR−). The surgical treatments under 
consideration included breast-conserving surgery with radio-
therapy, mastectomy without radiotherapy, mastectomy with 
radiotherapy, and other combination of surgical procedures. 
Additionally, we assessed the administration of chemother-
apy (Yes/No) and hormonal treatment (Yes/No).

Women were followed for loco-regional and distant 
recurrences, second breast cancer occurrence or death up 
to 31/12/2015. The information about LR and DR were col-
lected from the clinical files of the patients. LR was defined 
as any breast cancer in surgical scar, in skin and subcutane-
ous tissue on the ipsilateral breast and thoracic wall if the 
morphology was similar as the primary tumor, in ipsilateral 
axillary, infraclavicular, supraclavicular, internal mammary/
parasternal, or intramammary lymph node. DR was defined 
as breast cancer in any organ other than the breast, excluding 
the events listed under LR. Information about the second 
breast cancer was collected from the GCR. Second breast 
cancer was defined as any epithelial breast cancer, in situ 
or invasive, in the contralateral breast, or in the ipsilateral 
breast if of different morphologies from the first one [18]. 
Vital status was ascertained through passive (hospital and 
mortality certificates) and active follow-up using the files of 
the Cantonal Population Office in charge of registration of 
the resident population of the Canton.

Cumulative incidence was estimated for LR and DR in a 
competing risks framework which considered second breast 
cancer and deaths from all causes as competing events. 
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Analyses were further stratified by age, stage, grade, and 
ER status.

To investigate factors associated with the occurrence of 
LR and DR in the presence of competing risk events, includ-
ing second cancer occurrences and mortality, we conducted 
multivariate Cox regression analyses on a complete case 
basis. This method involved only participants with complete 
data on all variables of interest. Our analyses considered a 
predefined set of covariates selected a priori based on their 
established prognostic impact. These analyses were applied 
to two distinct cohorts: the whole cohort, with all the cases 
diagnosed between 1995 and 2012, and the cohort of women 
diagnosed 2001 and 2012 for whom it was available the sur-
rogate molecular subtype. The covariates, chosen based on 
prior knowledge of their relevance, were age at diagnosis, 
year of incidence (continuous), family history, disease stage, 
grade, ER status (for the 1995–2012 cohort) or surrogate 
molecular type (for the 2001–2012 cohort), surgical treat-
ment strategy, surgical margins, and the administration of 
chemotherapy and hormonal treatment.

Given that we are operating within a competing risk set-
ting, it is important to note that these LR and DR models are 
inherently interconnected, as understanding the risk factors 
for one event may provide insights into the occurrence of 
the other event.

All the results were considered statistically significant 
at a p value < 0.05. All the analyses were performed using 
STATA software (version 17, [19]).

Results

A total of 776 young women with breast cancer were 
included in the study. Patient, tumor, and treatment charac-
teristics of the women in this cohort are shown according to 
the type of first event experienced (Table 1).

Breast cancer was diagnosed before the age of 40 years 
in 287 women (37.0%) and between 40 and 45 years in 
489 women (63.0%). Most women had no family history 
of breast and/or ovarian cancer (63.5%). Most tumors were 
diagnosed at stage I (n=301, 39.8%) or II (n=362, 47.8%) 
and of grade II (n=365, 48.1%), were ER-positive and PR-
positive (n=586, 77.3% and n=528, 68.0%, respectively), 
HER2-negative (n=386, 76.4%), and of luminal A-like 
or luminal B-like molecular subtype (n=200, 39.8% and 
n=201, 42.1%, respectively). Most women were treated with 
chemotherapy (n=586, 76.3%) and hormonotherapy (n=516, 
68.2%) and had breast-conserving surgery (BCS) as surgical 
strategy (n=489, 64.2%).

At the end of the follow-up (median: 8.7 years), most 
women (n=587, 75.64%) did not experience any of the study 
events; 78 women (10.1%) had at least one LR, 106 (13.7%) 
developed a DR, 36 (4.6%) were diagnosed with a second 

primary breast cancer, and 84 women (10.8%) died during 
the study period, 68 of whom from BC. The median time to 
the first event was 7.3 years.

The competing risk analysis considering the occur-
rence of the first event in presence of competing risk events 
showed that recurrences occurred throughout the follow-up 
period. After 5, 10, and 15 years of follow-up, the cumula-
tive incidence of LR was 5.5% [95% CI: 3.9–7.2], 9.4% [95% 
CI: 7.1–11.8], and 13.3% [95% CI: 10.0–17.1] that of DR 
was 6.5% [95% CI: 4.8–8.4], 11.1% [95% CI: 8.4–13.5], and 
14.1% [95% CI: 10.4–17.1]. (Fig. 1). Most of the recurrences 
occurred during the first 5 years of follow-up (57% for LR 
and 62% for DR, respectively).

The cumulative incidence rates for LR were very similar 
between women aged less than 40 and 40–45 during the 
first two years after diagnosis and then younger women 
showed higher rates although never statistically different 
from women 40 to 45 years old (Suppl. Fig. 1a). For DR, 
already one year after diagnosis, younger women showed 
higher rates, and at 5 years, their cumulative incidence was 
9. 3% [95% CI: 6.1–13.2] vs. 5.0% [95% CI: 3.3–7.3] for 
women 40–45 years old (Suppl. Fig. 1b).

No statistical differences were found for LR according 
to stage at diagnosis during the first 5 years of follow-up, 
although a trend toward higher incidence rates with higher 
stage was observed (Suppl. Fig. 2a). For DR, stage III tumors 
had a cumulative incidence rate always higher than tumors 
with lower stages at diagnosis, at 5 years being 15.1% (95% 
CI: 8.5–23.5) compared to 2.9% (95% CI: 1.4–5.5) for stage 
I tumors (Suppl. Fig. 2b).

The cumulative incidence of LR according to grade at 
diagnosis showed clear differences, with grade I tumors 
presenting very low rates of recurrence up to 5 years (0.7%, 
95% CI: 1–3.7), while grade III tumors presented a rate of 
almost 8% (95% CI: 4.9–11.8) and grade II tumors rates 
were in between the two (Suppl. Fig. 3a). On the contrary, 
for DR, although a gradient with increasing grade was seen, 
the differences were not statistically significant (Suppl. 
Fig. 3b).

The cumulative incidence according to ER status showed 
a higher loco-regional rate in the first 5 years of follow-up 
among women ER-negative compared to women with ER-
positive tumors, although not statistically significant. (Suppl. 
Fig. 4a). The cumulative incidence of DR increased steeply 
during the first years after diagnosis for ER-negative tumors 
(11.7% at 5 years, 95% CI: 7.3–17.2) compared with ER-
positive tumors (4.9%, 95% CI: 3.3–6.9). (Suppl. Fig. 4b).

In the multivariate Cox analysis of the whole cohort of 
women diagnosed between 1995 and 2012, the only factor 
that showed a significant association with LR development 
as first event was age. Notably, women aged 40 and older 
presented a reduced hazard ratio (HR) of 0.51 (95% CI: 
0.30–0.87) compared to women who were <40 years old 
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Table 1   Individual characteristics (a), tumors characteristics (b), and treatment strategies (c) of young women with breast cancer according to 
outcome. Geneva 1995–2012

First event (mutually exclusive)

Total No event Local recur-
rence

Distant recur-
rence

2nd breast 
cancer

Death

N % N % N % N % N % N %

(a)
Age class
  <40 years 287 37 199 33.9 33 47.1 38 50 14 43.8 3 27.3
  40–45 years 489 63 388 66.1 37 52.9 38 50 18 56.3 8 72.7
Period of diagnosis
  1995–2000 210 27.1 131 22.3 26 37.1 34 44.7 14 43.8 5 45.5
  2001–2006 292 37.6 219 37.3 35 50 21 27.6 14 43.8 3 27.3
  2007–2012 274 35.3 237 40.4 9 12.9 21 27.6 4 12.5 3 27.3
Family history of breast/ovarian cancer
  No 476 63.5 356 63.1 45 66.2 50 66.7 18 56.3 7 63.6
  Yes, moderate 210 28 155 27.5 21 30.9 23 30.7 8 25 3 27.3
  Yes, high 64 8.5 53 9.4 2 2.9 2 2.7 6 18.8 1 9.1
  Missing 26 23 2 1 0 0
(b)
Stage
  Stage I 301 39.8 242 41.9 28 43.1 16 22.2 12 38.7 3 27.3
  Stage II 362 47.8 272 47.1 30 46.2 40 55.6 13 41.9 7 63.6
  Stage III 94 12.4 64 11.1 7 10.8 16 22.2 6 19.4 1 9.1
  Missing 19 9 5 4 1 0
Estrogen receptors
  Negative 172 22.7 117 20.3 17 25.4 23 31.1 12 37.5 3 30
  Positive 586 77.3 458 79.7 50 74.6 51 68.9 20 62.5 7 70
  Missing 18 12 3 2 0 1
Progesterone receptors
  Negative 230 29.6 166 28.3 22 31.4 28 36.8 11 34.4 3 27.3
  Positive 528 68.0 409 69.7 45 64.3 46 60.5 21 65.6 7 63.6
  Missing 18 12 3 2 0 1
Grade
  I 144 19 111 19.3 14 20.6 12 16.2 7 22.6 0 0
  II 365 48.1 284 49.3 30 44.1 33 44.6 13 41.9 5 50
  III 250 32.9 181 31.4 24 35.3 29 39.2 11 35.5 5 50
  Missing 17 11 2 2 1 1
Available since 2001
HER2 status
  Positive 119 23.6 93 22.80 9 25.7 12 29.3 3 18.8 2 40.0
  Negative 386 76.4 315 77.20 26 74.3 29 70.7 13 81.3 3 60.0
  Missing 61 48 9 1 2 1
Surrogate molecular subtype
  Luminal A-like 200 39.8 174 42.8 13 37.1 8 19.5 5 33.3 0 0
  Luminal B-like 212 42.1 166 40.8 17 48.6 20 48.8 6 40 3 60
  HER2+/HR− 31 6.2 24 5.9 1 2.9 4 9.8 2 13.3 0 0
  Triple negative 60 11.9 43 10.6 4 11.4 9 22 2 13.3 2 40
  Missing 63 49 9 1 3 1
(c)
Surgical treatment strategy
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at diagnosis. Similarly, older women showed a significant 
decreased risk of developing DR as first event (HR: 0.47, 
95% CI: 0.28–0.78). Other factors associated with DR were 
a more advanced stage (HR of stage III vs stage I: 3.06, 
95% CI: 1.25–7.52), surgical strategy (HR of mastectomy 

plus RT vs BCS plus RT: 2.21, 95% CI: 1.18–4.14), and 
positive margins after surgery (HR: 2.88, 95%CI: 1.28–6.49) 
(Table 2).

When analyzing the cohort diagnosed during the period 
2001–2012, three factors resulted significantly associated 

Table 1   (continued)

First event (mutually exclusive)

Total No event Local recur-
rence

Distant recur-
rence

2nd breast 
cancer

Death

N % N % N % N % N % N %

  BCS + RT 461 59.4 362 54.3 38 46.1 35 46.1 21 65.6 5 45.5
  Mastectomy alone 124 16.0 95 16.2 13 18.6 12 15.8 2 6.3 2 18.2
  Mastectomy + RT 140 18.0 90 15.3 12 17.1 29 38.2 7 21.9 2 18.2
  Others 51 6.6 40 6.8 7 10.0 0 0.0 2 6.25 2 18.18
Surgical margins
  Negative 640 87.8 499 89.9 52 81.3 58 82.9 24 82.8 7 63.6
  Borderline 56 7.7 40 7.2 6 9.4 4 5.7 4 13.8 2 18.2
  Positive   33 4.5 16 2.9 6 9.4 8 11.4 1 3.4 2 18.2
  Missing 19 11
Chemotherapy
  No 182 23.7 138 23.8 21 30.0 10 13.2 10 31.3 3 27.3
  Yes 586 76.3 441 76.2 49 70.0 66 86.8 22 68.8 8 72.7
  Missing 8 8 0 0 0 0
Hormonal treatment
  No 241 31.8 165 28.9 24 34.3 29 39.2 17 53.1 6 54.5
  Yes 516 68.2 405 71.1 46 65.7 45 60.8 15 46.9 5 45.5
  Missing 19 17 0 2 0 0

Fig. 1   Cumulative incidence of 
loco-regional recurrence and 
distant recurrence under the 
competing risk model in young 
women with breast cancer. 
Geneva, 1995–2012
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with a reduced risk of developing LR as a first event: period 
of diagnosis (HR: 0.83, 95% CI: 0.72–0.96); molecular 
subtype triple negative (HR: 0.16 as compared to Luminal 
A-like, 95% CI: 0.03–0.92); and treatment with hormonal 
therapy (HR: 0.25, 95% CI: 0.08–0.76). For DR as a first 
event, women in this cohort showed a lower risk if older 

than 40 years (HR: 0.41, 95% CI: 0.2-0-0.83) and higher 
risk if stage III at diagnosis (HR of stage III vs stage I: 4.99, 
95% CI: 1.51–16.5); luminal B molecular type (HR: 3.17, 
95% CI:1.18–8.55); had mastectomy plus RT as surgical 
strategy (HR: 3.44, 95% CI: 1.44–8.22); and positive mar-
gins after surgery (HR: 5.39, 95%CI: 1.70–17.06) (Table 2). 

Table 2   Multivariate Cox regressions modeling the risk of loco-regional and distant recurrences in a cohort of young women with breast cancer 
according to the period of diagnosis. Geneva 1995–2012 and 2001–2012

Cohort 1995–2012 Cohort 2001–2012

Local relapse Distant relapse Local relapse Distant relapse

HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value HR 95% CI p-value

Age class
  <40 1 1 1 1
  40+ 0.51 [0.3–0.87] 0.014 0.47 [0.28–0.78] 0.004 0.66 [0.31–1.39] 0.275 0.41 [0.2–0.83] 0.013
Year of incidence 0.96 [0.9–1.03] 0.232 1.00 [0.94–1.06] 0.897 0.83 [0.72–0.96] 0.010 1.03 [0.92–1.16] 0.596
Family history
  None 1 1 1 1
  Yes, moderate 1.32 [0.75–2.31] 0.34 1.19 [0.7–2.03] 0.526 0.98 [0.45–2.13] 0.952 1.57 [0.79–3.14] 0.200
  Yes, high 0.43 [0.1–1.84] 0.258 0.22 [0.03–1.66] 0.143 0.41 [0.05–3.2] 0.393 0.33 [0.04–2.58] 0.290
Stage
  I 1 1 1 1
  II 0.95 [0.51–1.74] 0.857 1.63 [0.83–3.2] 0.154 1.40 [0.6–3.27] 0.433 1.94 [0.75–5.01] 0.169
  III 1.44 [0.49–4.21] 0.506 3.06 [1.25–7.52] 0.014 0.84 [0.15–4.74] 0.846 4.99 [1.51–16.5] 0.008
Grade
  Well differentiated 1 1 1 1
  Moderately diff. 1.14 [0.55–2.35] 0.727 0.75 [0.37–1.51] 0.415 1.55 [0.5–4.86] 0.448 0.48 [0.17–1.41] 0.184
  Poorly/Not diff. 1.44 [0.64–3.23] 0.375 0.97 [0.45–2.08] 0.943 2.41 [0.62–9.36] 0.205 0.57 [0.18–1.84] 0.348
ER
  Negative 1 1 – – – – – –
  Positive 0.83 [0.35–1.93] 0.659 0.84 [0.37–1.93] 0.687 – – – – – –
Histological subtype
  Luminal A – – – – – – 1 1
  Luminal B – – – – – – 0.82 [0.34–1.96] 0.652 3.17 [1.18–8.55] 0.022
  Her2 enriched – – – – – – 0.15 [0.01–1.54] 0.110 3.21 [0.49–21.05] 0.223
  Triple neg. – – – – – – 0.16 [0.03–0.92] 0.041 6.21 [0.94–40.95] 0.058
Treatment 2
  BCS+RT 1 1 1 1
  Mastectomy, no RT 1.52 [0.75–3.11] 0.246 1.05 [0.47–2.38] 0.892 1.97 [0.75–5.19] 0.169 1.21 [0.41–3.56] 0.723
  Mastectomy + RT 1.18 [0.52–2.68] 0.683 2.21 [1.18–4.14] 0.013 1.26 [0.41–3.82] 0.687 3.44 [1.44–8.22] 0.005
  Others 2.17 [0.81–5.84] 0.124 – – – 3.41 [0.93–12.51] 0.065 – – –
Margins
  Negative 1 1 1 1
  Narrow 1.42 [0.59–3.42] 0.428 0.84 [0.3–2.37] 0.741 2.37 [0.64–8.72] 0.196 1.33 [0.3–5.98] 0.709
  Positive 2.43 [0.99–5.99] 0.053 2.88 [1.28–6.49] 0.011 1.14 [0.15–8.79] 0.902 5.39 [1.7–17.06] 0.004
Chemotherapy
  No 1 1 1 1
  Yes 0.65 [0.32–1.32] 0.237 1.02 [0.43–2.44] 0.963 1.10 [0.35–3.42] 0.875 0.38 [0.11–1.31] 0.124
Hormonal treatment
  No 1 1 1 1
  Yes 1.45 [0.65–3.25] 0.365 0.72 [0.32–1.6] 0.416 0.25 [0.08–0.76] 0.014 0.67 [0.15–3.02] 0.602
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Triple-negative tumors presented a HR of 6.21 compared to 
the reference Luminal A-like tumors, but the result did not 
reach statistical significance (p=0.054).

Conclusion

In this cohort of women diagnosed with breast cancer at the 
age of 45 years or less followed a median of seven years, 
more than one-fourth experienced one of the study out-
comes, including LR and DR, second breast cancer, or death 
as the first event. DR occurred only slightly more often than 
LR all along the follow-up period, and the risk remained 
important still at 10 and 15 years after the diagnosis. The 
timing and rate of LR and DR varied with age, tumor char-
acteristics, and type of surgery. A lower risk of developing 
LR as first event was associated with older age on the overall 
cohort, and among women diagnosed more recently, with 
period of diagnosis, triple-negative molecular subtype, and 
use of hormonal therapy. Older age was also associated with 
a lower risk of developing DR, while more advanced stage, 
type of surgery strategy, positive margins after surgery, and 
molecular subtype of the tumor, for the subset of women 
for whom this could be defined, were all associated with a 
higher risk.

In the POSH longitudinal cohort study, Maishman et al. 
found that the frequency of LR among young breast cancer 
patients <40 years old at diagnosis was much lower than that 
of DR, at least within the first 10 years [20]. In our cohort, 
although DR were more frequent, the difference was very 
small, likely because local and regional recurrences were 
considered together.

Although the recurrences occurred all along the follow-
up period, the majority of them was diagnosed during the 
first 5 years of follow-up. As showed for older breast cancer 
patients [21], the occurrence among young women seems 
to present two peaks, one during the first two years of fol-
low-up and a second one at 5–7 years [22]. The higher risk 
of developing both LR and DR within the first two years 
of diagnosis was observed in our cohort among women 
younger than 40 years, women with stage III disease or with 
ER-negative cancers.

Younger age at diagnosis showed up as an independent 
factor associated with the development of LR as first event 
when using the whole cohort. This result is in line with most 
studies [3, 23]. Of note are the results of the analysis car-
ried out on the sub-cohort of women diagnosed between 
2001 and 2012 that showed a lower risk among women 
carrying triple-negative cancers to develop LR. This find-
ing is consistent with those of a previous study of triple-
negative breast cancer patients showing that these cancers 
more frequently develop a systemic recurrence, while a 
loco-regional recurrence occur more rarely [24, 25]. The 

concurrent much higher risk of DR, although not statistically 
significant, among triple-negative breast cancers observed in 
the multivariate model for the cohort of women diagnosed 
in 2001–2012 in the present study, strongly supports this 
argument.

In addition, our results showed a decreased risk of LR 
among women treated with hormonal therapy. While tamox-
ifen has been the standard of therapy for ER/PR-positive 
breast cancers regardless of age for many years, recently 
the use of aromatase inhibitors and the addition of Ovar-
ian Function Suppression (OFS) have been included in 
the treatment of young women [26]. We could collect the 
type of treatment received for 491 out of the 776 women 
who had a hormonal treatment. Among them, 96% in the 
period 1995–2000 received tamoxifen, while in the period 
2001–2012 80% received tamoxifen, 10% received an aro-
matase, alone or after tamoxifen, and 9% had also surgical 
or medical OFS.

As in other studies, we found that factors influencing the 
risk of DR were age, stage at diagnosis, and molecular sub-
type for the subset of women for whom this could be defined 
[7, 27].

Positive surgical margins after surgery were an independ-
ent factor increasing the risk of DR, in total agreement with 
the results of two recent systematic reviews and meta-anal-
yses that showed that involved or close pathological margins 
are associated with an increased risk of local and distant 
recurrences both after breast-conserving surgery [28] and 
mastectomy [29].

Type of surgery strategy was also an important determi-
nant of recurrence risk in several studies. Recently, Pederson 
et al. reported a lower risk of late breast cancer recurrences 
among patients who received BCS compared to those who 
received a mastectomy [27]. Similarly, Elder et al. in their 
study [30] and Ho-Huynh et al. in their systematic review 
of breast cancer outcomes in Australia [31] showed that 
women who underwent mastectomy were at increased risk 
of recurrence compared to women who underwent BCS. In 
our study, we also found that BCS had a similar or even pro-
tective effect toward the risk of DR in a multivariate model, 
confirming that young age is not a contraindication for BCS 
[32]. Post-mastectomy radiation therapy is indeed recom-
mended for patients at high risk of recurrence, including 
those with involved axillary lymph nodes, positive resec-
tion margins, and T3–T4 tumors independent of nodal status 
[33]. The higher risk of DR confined to those patients who 
received both mastectomy and radiotherapy may indicate 
that these patients were indeed at higher risk and that our 
models do not fully adjust for all the factors that increase 
this risk.

This study has several strengths. It is a population-based 
cohort in Geneva of all women ≤45 years old diagnosed 
with breast cancer in a recent period with a follow-up to 
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20 years for death and recurrences. The study variables, 
including recurrence diagnosis, have been collected with 
high accuracy. Thanks to a strong and high-quality network 
acting in a restricted geographical area, we are confident 
that all available information is captured. Therefore, the 
assumption “no information, no recurrences” is trustwor-
thy. This assumption was tested and validated for a 30 cases 
random sample for which active search was performed using 
all available sources, including direct contact with patients’ 
physicians. Furthermore, we used competing risk analysis 
that allowed to correctly estimate the absolute risk of recur-
rence in the population of young women, unbiased by other 
competing risk events.

The main limitation of the study is related to its obser-
vational nature. We had a lot of information available about 
each woman, and in the analysis of the determinants of 
recurrence, we included many of the variables considered 
important for the outcome of interest; however, we cannot 
assure to have eliminated all the possible bias and confound-
ing. The small numbers of women in some subgroups did 
not allow for more detailed analysis. Our focus was on the 
first event and did not consider the risk of developing more 
than one event. Another limitation is the fact that not all the 
patients were classified according to surrogate molecular 
subtypings due to the lack of information on HER2 and Ki67 
status before 2001. Finally, these findings are not directly 
applicable to current patients since standardized treatments 
offered now maybe different compared to those offered in 
the period under study.

Due to the increasing number of women being diagnosed 
with BC, also of young age, and the increasing number of 
long-term survivors, the estimation of the risk of recurrence 
and the identification of factors related to development of 
recurrence are of extreme importance. The prognosis of 
patients with recurrences, particularly distant recurrences, 
is less favorable and proper adjustments in the management 
of young patients are necessary to improve their outcomes.

Special attention is required to the type of surgery offered 
and the achievement of negative margins, as well as more 
aggressive adjuvant therapy in case of more advanced or 
poorly differentiated tumors, such as receptor-negative and/
or HER2-positive tumors.
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