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Abstract

Objective: Breast cancer in young females was usually considered more aggressive and requires aggressive

therapy. We investigated whether early detection and improved treatments changed the patterns of characteristics,

management and outcomes of young breast cancer patients over time.

Methods: Females under 40 years of age diagnosed with breast  cancer during the periods 1999−2017 and

1999−2015 were identified in the Fudan University Shanghai Cancer Center (FUSCC) and the population-based

Surveillance, Epidemiology, and End Results (SEER) registry, respectively. Clinicopathologic characteristics and

treatment information were collected. Patients diagnosed before 2013 were followed up.

Results: The proportions of young breast cancer patients were 15.0% and 5.3% in the FUSCC and SEER

cohorts, respectively. In the FUSCC cohort, there was a significant increase in the proportion of ductal carcinoma

in situ (DCIS) (from 8.8% to 16.9%; P<0.0001) and it remained stable in SEER cohort. The proportion of T1-

stage tumors increased dramatically in the FUSCC cohort (from 35.3% to 41.9%; P=0.008), whereas it decreased in

SEER cohort (from 42.4% to 33.0%; P<0.0001). The percentage of estrogen receptor (ER)-positive cancers was

consistently increased in both the invasive ductal carcinoma (IDC) and DCIS patients in the two cohorts. Breast-

conserving surgery and immediate implant reconstruction after mastectomy both exhibited increased use over time

in the FUSCC cohort. Both the FUSCC and SEER cohorts showed a significantly better prognosis in the recent

time period.

Conclusions: With the increased early-stage and ER-positive diseases in young patients as well  as better

systemic treatment strategies, improved survival has been observed in recent years. There has been a substantial de-

escalation in surgical therapies in young breast cancer patients.
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Introduction

Breast cancer is still the most common cancer incidence
and mortality worldwide among 20−39-year-old women
(1). The incidence and mortality of breast cancer in young

patients have experienced an increase these years. In 2012,
the incidence rate was 30.2% and the mortality rate was
25.1% in all the young patients diagnosed as cancer (1).

In China, over 50,000 women under the age of 40 are
diagnosed as breast cancer each year. Breast cancer is the
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most common cancer diagnosed in young adults (2,3). In
the 20- to 39-year-old age group, breast cancer is also the
leading cause of death in China (2). Young breast cancer
has become a major public health problem.

Younger patients with breast cancer seem to exhibit a
more aggressive tumor biology than breast cancers in older
women, such as a higher grade, higher proportion of node-
positive disease, and higher frequency of hormone receptor
(HR)-negative  and  human  epidermal  growth  factor  2
(HER2)-positive tumors (4-6). In addition, young patients
usually have a worse prognosis, even in multivariate models
(5-7). Young age was previously considered a justification
for  the  use  of  more  aggressive  surgical  approaches  to
prevent  local  recurrence  (LR).  In  2012,  the  National
Comprehensive Cancer Network (NCCN) guidelines, for
the first time, removed age younger than 35 years old from
the relative contraindications for breast conserving surgery
(BCS).

However,  with  developments  in  the  diagnosis  and
treatment of breast cancer, the characteristics, management
and outcomes of young breast cancer patients have changed
remarkably.  The  aim  of  this  study  was  to  report  and
analyze  the  changing  patterns  in  young  breast  cancer
patients,  including  their  age  distribution,  clinical
characteristics, management and prognosis. We analyzed
data from the Fudan University Shanghai Cancer Center
(FUSCC) in mainland China during 1999 and 2017 and
data  f rom  the  popu la t ion-based  Surve i l l ance ,
Epidemiology,  and End Results  (SEER) registry during
1999 and 2015.

Materials and methods

Patients

Women with newly diagnosed primary breast cancer with a
definite pathological diagnosis who received surgery before
the age of 40 years between January 1999 and July 2017 at
FUSCC were retrospectively reviewed. Overall, a total of
34,959 breast cancer patients underwent surgical treatment
in  the  FUSCC  breast  surgery  department.  Of  these
patients, 5,227 (14.95%) patients diagnosed under the age
of 40 years old were included in this study.

The SEER cohort was derived from the SEER database
(November 2015 submission) by using SEER*Stat software
provided  by  the  National  Cancer  Institute  (NCI).  All
incident cases of breast cancer patients under the age of 40
from 1999 to 2015 were identified (8). A total of 50,354

patients  were  included.  After  excluding  patients  with
distant metastasis at diagnosis, a total of 46,857 patients
were included into analysis.

Clinical data collection

A retrospective review of medical records and pathology
reports was conducted. Staging was performed according to
the  American  Joint  Committee  on  Cancer  (AJCC)
guidelines (9,10). We used a cutoff of 14% for Ki67, which
was recommended by 2011 St Gallen consensus panel (11).

Patients at the FUSCC were told to have an examination
according to the guidelines of the breast cancer center and
were  followed  up  by  telephone.  Date  of  progression
metastasis,  date of relapse and date cause of death were
collected. The date of survival and systemic treatment was
collected for patients diagnosed before 2013.

Statistical methods

The IBM SPSS Statistics (Version 23.0; IBM Corp., New
York, USA) and GraphPad Prism (Version 6.0; GraphPad
software, Inc., LaJolla, CA, USA) were used for statistical
analysis. A linear regression analysis was used to determine
trends in each parameter over time. Disease-free survival
(DFS) was measured from the date of surgery to the date of
disease relapse or last follow-up. We applied the Kaplan-
Meier method to estimate DFS and breast cancer-specific
survival  (BCSS)  and  compared  the  patients  diagnosed
during different time ranges using the Log-rank test. For
complete 5-year follow-up, the FUSCC and SEER cohorts
were  truncated  in  2008  and  2007  (year  of  diagnosis),
respectively.  Statistical  significance  was  set  at  a  P<0.05
(95% level of confidence).

Results

Patients and age distributions

Between 1999 and 2017, a total of 34,959 females received
surgical  treatment  in  the  FUSCC  breast  surgery
department.  Among them, 5,227 (15.0%) patients  were
diagnosed  under  the  age  of  40  years  (Figure  1A).  The
proportion of newly diagnosed breast cancer patients below
40 years old in the FUSCC cohort increased continuously
over the last  decade.  Compared with 11.4% of  patients
diagnosed under the age of 40 years in 1999, it was 16.4%
in 2017 (43.9% rise; R2=0.908, P<0.0001) (Figure 1A).

In the SEER dataset,  a total of 954,885 patients were
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diagnosed  with  breast  cancer  between  1999  and  2015,
among  which  50,354  (5.3%)  were  under  the  age  of
40  years.  The  proportion  of  young  patients  in  SEER
dataset experienced a slight decrease from 5.9% in 1999 to
4.9%  in  2015  (16.9%  decrease;  R2=0.833,  P<0.0001)
(Figure 1A).

In  the  FUSCC cohort,  the  proportions  of  very  early
onset  breast  cancer  were stable  in  recent  years.  Among
young patients, the age range with the largest number of
newly  diagnosed  cases  was  35−39  years  of  age  (2,987
patients,  57.1%), followed by 30−34 years of age (1,476
patients,  28.2%) (Figure  1B).  Only 676 (12.9%) and 88
(1.7%) patients were diagnosed between 25 and 29 years
old and under the age of 25 years, respectively (Figure 1B,
Table 1). However, the proportion of patients with extreme
young age, defined as under the age of 35 years old was
higher in the FUSCC cohort than SEER cohort (Figure
1B,  Table  1).  There were no significant  changes  during
these years in both cohorts.

Staging and pathology

In FUSCC, the proportion of young patients with ductal
carcinoma in situ (DCIS) increased dramatically from 8.8%
of  all  cases  in  1999  to  16.9%  in  2017  (92.0%  rise;
R2=0.809, P<0.0001) (Figure 2A).  However,  it  remained
stable in SEER cohort at approximately 13% (R2=0.066,
P=0.270) (Figure 2B). An increase in the proportion of T1-
stage  patients  was  observed  in  FUSCC  cohort,  which
exhibit a rise from 35.3% in 1999 to 41.9% in 2017 (18.7%
rise; R2=0.346, P=0.008) (Figure 2A). In contrast, T1-stage
disease experienced a decrease in SEER cohort from 42.4%
in  1999  to  33.0%  in  2015  (22.2%  decrease;  R2=0.931,
P<0.0001) (Figure 2B).

In  FUSCC,  the  proportion  of  young  patients  with
negative axillary lymph nodes increased substantially over

the study period from 50.0% to 68.7% (37.4% increase;
R2=0.786, P<0.0001) (Supplementary Figure S1C).  There
was  no  signif icant  change  in  the  SEER  cohort
(Supplementary Figure S1D).

With the decrease  in  the proportion of  patients  with
positive axillary lymph nodes and the increased proportion
of Tis- and T1-stage patients, patients classified as stage 0
were  increased  s tead i ly  wi th  t ime  in  FUSCC
(Supplementary  Figure  S1E).  The  proportion  of  young
patients  diagnosed  with  stage  0  disease  increased  from
9.4% to 19.2% (104.3% increase; R2=0.798, P<0.0001). In
contrast, the percentage of patients with stage II cancers
decreased  from  46.9%  to  39.6%  (15.6%  decrease;
R2=0.466, P=0.001), and the proportion of stage III cancers
decreased  from  18.8%  to  13.5%  (28.2%  decrease;
R2=0.687,  P<0.0001)  (Supplementary  Figure  S1E).  The
trends were different in the SEER cohort, which exhibited
an  increase  in  the  proportion  of  stage  II  patients  from
39.4% in 1999 to 48.8% in 2015 (23.9% rise; R2=0.827,
P<0.0001) (Supplementary Figure S1F).

The  proportion  of  patients  with  a  positive  estrogen
receptor  (ER)  status  was  much  higher  in  patients  with
DCIS than those with invasive ductal carcinoma (IDC) in
both  cohorts.  For  the  patients  with  DCIS  in  FUSCC
cohort,  the  percentage  of  tumors  with  positive  ER
expression increased from 66.7% in 1999 to 80.0% in 2017
(19.9%  rise;  R2=0.785,  P<0.0001)  (Figure  2C).  Similar
trends were observed in SEER cohort, which exhibited an
even  higher  increase  to  91.0% in  2015  (Figure  2D).  In
addition, the proportion of ER-positive tumors increased
with time in IDC patients in FUSCC cohort, rising from
38.7% to 69.3% (79.1% rise; R2=0.736, P<0.0001) (Figure
2C).  Similar  results  were  found  in  IDC patients  in  the
SEER cohort (Figure 2D).

HER2 and Ki-67 data were available for FUSCC cohort.

 

Figure 1 Time trends of newly diagnosed young breast cancer patients. (A) Proportion of patients diagnosed under the age of 40 years old
among all breast cancer newly diagnosed in Fudan University Shanghai Cancer Center (FUSCC) and population-based Surveillance,
Epidemiology, and End Results (SEER) cohorts; (B) Age distributions of young breast cancer patients in FUSCC and SEER cohorts.
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For the patients with DCIS, the percentage of tumors with
positive HER2 expression was 31.25%, which was relatively
higher than the percentage of positive tumors among the
IDC patients,  and no significant changes were observed
over these years (Figure 2E).  Of the 4,060 patients with
IDC, HER2 positive rate was 25.01% and shown a rising
trend over the time period (Figure 2E). With respect to Ki-
67 index, 55.78% of DCIS patients were positive in 2009
and 2013, and the proportion increased to 60.22% in 2014
and 2017 (Figure 2E). In addition, the proportion of Ki-67-
positive tumors increased with time among IDC patients,
rising from 64.95% to 83.67% (Figure 2E).

We also analyzed breast cancer phenotype of FUSCC
cohort.  With  the  increased  proportion  of  luminal-
B/HER2-negative patients, rising from 8.46% in 2009 to

38.37% in 2017 (353.5% rise;  R2=0.827,  P=0.007),  this
subtype has become the most common phenotype of young
patients  in  recent  years  (Supplementary  Figure  S1G).  In
contrast,  the percentage of  patients with luminal-A and
luminal-B/HER2-positive cancers decreased (P=0.006 and
P=0.006, respectively) (Supplementary Figure S1G). There
were no significant changes of the proportion of HER2-
positive and triple negative breast cancer (TNBC) patients
during the studied years (Supplementary Figure S1G).

The  proportion  of  patients  with  lymphatic  vessel
invasion (LVI) decreased from 48.5% to 20.4% (57.9%
decrease; R2=0.885, P<0.0001) in FUSCC cohort (Figure 2F).

Surgery and systemic therapy

Among  the  5,227  young  patients  in  FUSCC  cohort,

Table 1 Clinicopathologic characteristics of young breast cancer patients in FUSCC and SEER cohorts

Patient characteristics
FUSCC (N=5,227) SEER (N=46,857)*

n % n %

Age at diagnosis (year)

Median 36 36

　<25 88 1.68 732 1.56

　25−29 676 12.93 3,800 8.11

　30−34 1,476 28.24 12,267 26.18

　35−39 2,987 57.15 30,058 64.15

Tumor stage

　Tis 649 15.55 5,906 13.01

　T1 1,667 39.95 17,080 37.62

　T2 1,451 34.77 16,723 36.83

　T3 248 5.94 4,018 8.85

　T4 158 3.79 1,680 3.70

　T0 or unknown 1,054 − 1,450 −
Nodal stage

　pN0, no nodal metastasis 2,824 63.75 26,089 57.25

　pN1, 1−3 nodal metastasis 1,070 24.15 13,247 29.07

　pN2, 4−9 nodal metastasis 332 7.49 3,935 8.64

　pN3, ≥10 nodal metastasis 204 4.60 2,296 5.04

　Unknown 797 − 1,290 −
Pathological stage

　0 779 18.67 5,906 12.95

　1 1,117 26.77 11,286 24.74

　2 1,641 39.33 19,678 43.14

　3 635 15.22 8,749 19.18

　Unknown 1,055 − 1,238 −
FUSCC, Fudan University Shanghai Cancer Center; SEER, population-based Surveillance, Epidemiology, and End Results, *,
excluded patients with distant metastases at diagnosis.
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mastectomy was still most frequently performed; However,
the use of BCS increased rapidly during the studied years.
A steady decrease in the proportion of patients underwent
mastectomy from more than 80.0% before 2002 to 68.0%
in 2017 (15.0% decrease; R2=0.610, P<0.0001) was noted,
whereas  the  percentage  of  patients  underwent  BCS
accordingly  increased  from  less  than  20.0%  to  32.0%
(60.0%  rise;  R2=0.610,  P<0.0001)  (Figure  3A).  Breast
reconstruction has begun to perform in young patients in
2003, and the proportion of young patients who received
breast reconstruction surgery after mastectomy increased
from  6.02%  in  2003  to  31.78%  in  2017(427.9%  rise;
R2=0.716, P<0.001) (Figure 3A).

The  surgical  treatment  pattern  in  SEER cohort  was
quite  different  from  that  in  FUSCC  cohort.  In  SEER
cohort,  BCS  was  the  dominant  surgery  type  in  young
patients;  however,  after  2012,  mastectomy  plus
reconstruction became the most common surgery used by
young breast cancer patients (Figure 3B).

Implant-based breast reconstruction (IBBR) gradually
became the most common type of reconstruction young
patients received after mastectomy in both the FUSCC and
SEER cohorts (Figure 3C,D). In the more recent years, the

proportion of patients underwent IBBR was approximately
80% of  all  the  patients  who received  reconstruction  in
FUSCC cohort; however, approximately 30% of patients
still  received  autologous  flap  reconstruction  in  SEER
cohort (Figure 3C,D).

The pattern of systemic therapy for young patients with
IDC  also  changed  dramatically  in  FUSCC  and  could
generally be divided into two periods. From 1999 to 2005,
with the increased use of hormonal therapy, the proportion
of patients who received chemotherapy, but not hormonal
therapy decreased markedly from 58.8% in 1999 to 27% in
2005 (Figure 3E). However, none of the patients with IDC
received hormonal therapy alone without chemotherapy
before 2005. After 2005, the proportion of patients who
received hormonal therapy alone increased steadily until
2013 and the proportion of hormonal therapy alone was
1.4% in 2005 and 8.1% in 2013 (478.6% rise; R2=0.848,
P<0.001) (Figure 3E).

Survival

From 1999 to  2013,  follow-up was  performed in  2,331
patients in FUSCC cohort. We divided these patients into

 

Figure 2 Tends in staging and pathology of young breast cancer patients during 1999−2017 and 1999−2015 in Fudan University Shanghai
Cancer Center (FUSCC) and population-based Surveillance, Epidemiology, and End Results (SEER) cohorts. (A,B) Pathological tumor size
stage according to American Joint Committee on Cancer (AJCC) system; (C,D) Estrogen receptor (ER) status during time in young
patients with ductal carcinoma in situ (DCIS) and invasive ductal carcinoma (IDC); (E) Human epidermal growth factor 2 (HER2) and Ki-
67 status during different time range in young patients with IDC and DCIS in FUSCC; (F) Lymphatic vessel invasion (LVI) involvement
proportion in FUSCC.
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two groups according to their date of diagnosis.  After a
median  follow-up  time  of  32.9  months,  the  patients
diagnosed after 2009 had significantly longer DFS than the
patients diagnosed between 1999 and 2008 [hazard ratio
(HR)=0.664,  95%  confidence  interval  (95%  CI),
0.478−0.813,  P=0.006]  (Figure  4A).  Patients  with
ER+/HER2− or ER−/HER2+ disease exhibited the most
significant improvements in DFS over time (HR=0.633,
95% CI, 0.385−0.885, P=0.021 and HR=0.477, 95% CI,
0.200−0.928,  P=0.042,  respectively)  (Figure  4B,D).
Conversely, in ER+/HER2+ and ER−/HER2− subgroups,
the year of breast cancer diagnosis had no impact on DFS
(HR=0.484, 95% CI, 0.156−1.108, P=0.082 and HR=0.946,
95% CI, 0.519−1.705, P=0.848, respectively) (Figure 4C,E).

Long-term survival improvements were also observed in
SEER  cohort.  A  total  of  46,857  young  breast  cancer
patients with complete BCSS data were included in the
analysis. We found that patients diagnosed after 2008 had
significantly longer BCSS than patients diagnosed before
2008  (HR=0.826,  95%  CI,  0.780−0.876,  P<0.0001)
(Figure 4F).

Discussion

In the present study of breast cancer patients diagnosed
between 1999 and 2017, we observed that approximately

15% of breast cancers were diagnosed under 40 years and
that  proportion exhibited a  slight  increase over  time in
FUSCC.  We  also  analyzed  the  proportion  of  newly
diagnosed breast cancer patients under the age of 40 years
in Shanghai, a regional area in China, between 2001 and
2014. Data were provided by the Shanghai Cancer Report
of  Shanghai  Municipal  Center  for  Disease Control  and
Prevention (12-14). The proportion of young breast cancer
patients under 40 years old in Shanghai was stable at 5%
which was  much lower  than that  in  FUSCC cohort.  In
addition,  there  were  no  significant  changes  during  the
studied years, and only a slight increase from 5.2% in 2001
to  6.5%  in  2014  was  observed  (25%  rise;  R2=0.063,
P=0.385)  (Supplementary  Figure  S1A).  Thus,  the  age
distribution of breast cancer patients differed between a
region in China and a single cancer center, and FUSCC
cohort  contained  a  relatively  larger  number  of  young
patients. The data from Shanghai cohort were similar to
the data of population-based SEER cohort and the data
published  by  Western  countries,  that  only  5%−7%  of
patients diagnosed under the age of 40 years in developed
countries (15,16).

FUSCC is  the largest  cancer center in Shanghai,  and
young patients who living in urban areas or patients with
better financial  ability are inclined to seek treatment at
FUSCC center. This preference creates a highly selected

 

Figure 3 Trends in surgical and systemic therapies of young breast cancer patients. (A,B) Changes in surgical managements of young breast
cancer patients in Fudan University Shanghai Cancer Center (FUSCC) and population-based Surveillance, Epidemiology, and End Results
(SEER) cohorts; (C,D) Proportion of different reconstruction surgery types in FUSCC and SEER cohorts among patients received
mastectomy plus breast reconstruction; (E) Systemic therapy patterns in patients with invasive ductal carcinoma (IDC) in FUSCC cohort
with time change.
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cohort that differ from Shanghai cohort and population-
based  SEER  cohort.  This  is  the  main  reason  that  the
FUSCC cohort has a higher proportion of young patients
and patients with early-stage diseases. Based on this, the
main purpose of this study is not to make a comparison of
the two cohorts, but to investigate the changing patterns of
patients’  characteristics  and  clinical  practice  as  well  as
survival improvements during nearly two decades in both
cohorts.  However, those trends of changes shared some
similarities which reflected the changing patterns of young
breast  cancer.  Meanwhile,  with  the  changes  in  the
economic level of patients’ place of residence, the impact of
selection bias changes. In addition, because of the aging
population of  China,  the increasing incidence of  young
breast cancer patients may be more significant than the
changes of proportion.

Another reason for the difference between those cohorts
was that all of the patients we included in FUSCC cohort
received surgery, which excluded the patients who were
older  or  had  comorbidities  and hard  to  have  a  surgery.
However, data from Shanghai cohort included all the newly
diagnosed  breast  cancer  patients.  For  more  reasonable
results, we also excluded patients in the SEER cohort who
have distant metastases at diagnosis and have not received
surgery.

Overall, the clinical and pathological characteristics of

young patients in FUSCC cohort exhibited a downstage
from 1999 to 2017. The proportion of young patients with
DCIS increased by approximately 2-fold during the 19-
year-period.  Furthermore,  increasing number of  young
breast  cancer patients  were being diagnosed at  an early
stage  at  the  end  of  the  time  period,  with  about
approximately 40% of T1-stage patients and 63.8% of N0-
stage  patients.  The  widespread  utilization  of  screening
mammography and ultrasound has produced a shift in the
stage  of  breast  cancer  in  young patients  (17,18).  These
findings indicate that public awareness and increased access
to  screening  programs  have  been  a  successful  to  some
extent.

However, the patients in the SEER cohort experienced
an upstage in some extent. One of the reasons may be that a
relatively large proportion of patients were diagnosed with
early-stage disease in baseline 1999. The development of
screening and diagnosis of breast cancer in China was far
behind that of developed countries.

A notable increase in the proportion of patients with ER-
positive breast cancer was observed in both DCIS and IDC
subgroups. A similar trend was found in SEER cohort, and
similar results have been reported in other studies as well
(19,20). One of the reasons for this increase might be the
change  in  the  cutoff  level  of  ER  positivity,  which  was
altered from 10% to 1% (21). However, the impact might

 

Figure 4 Long-term survival of young patients during different time range. (A) Kaplan-Meier estimates disease-free survival (DFS) of all
patients under age of 40 years old diagnosed between 1999−2008 and 2009−2013 in Fudan University Shanghai Cancer Center (FUSCC)
cohort; (B−E) Kaplan-Meier estimates DFS of young patients with different estrogen receptor (ER) and human epidermal growth factor 2
(HER2) expression status diagnosed between 1999−2008 and 2009−2013 in FUSCC cohort; (F) Kaplan-Meier estimates breast cancer-
specific survival of young patients in population-based Surveillance, Epidemiology, and End Results (SEER) cohort diagnosed between
1999−2007 and 2008−2013. HR, hazard ratio; 95% CI, 95% confidence interval.
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be limited, since only a small number of patients have an
ER expression between 1% and 9%. Additionally, the use
of screening mammography has been associated with an
increased risk of developing early-stage breast cancer, and
early-stage  and  low-grade  breast  cancers  have  a  larger
proportion of ER-positive tumors (22). In addition, dietary
and reproductive factors, such as higher body mass index,
early  age  at  menarche,  delay  in  marriage,  having fewer
children and changes in infant feeding patterns, may have
contributed to the trends we observed (23). At the same
time,  the  collection  of  ER  status  data  become  more
complete with time in both of the cohorts. This may be one
of the reasons why the proportion of ER positive patients
stabilized after 2010.

HER2 positive rate in the young patients with invasive
carcinoma was approximately 25%, which was obviously
higher  than  that  in  the  whole  breast  cancer  cohort
(approximately  10%−20%)  (24,25).  The  proportion  of
patients with positive Ki-67 index in young breast cancer
with DCIS (57.4%) or IDC (76.2%) was much higher than
that previously reported for the whole breast cancer cohort
(26,27). Ki67 has been reported to be highly expressed in
approximately  40% of  DCIS  tumors  and  50%−60% of
IDC tumors  (27,28).  In  the  setting  of  those  molecular
markers,  our  data  again  reflected  the  more  aggressive
biological behavior of breast cancer in young patients.

Although  mastectomy  is  still  the  most  frequently
performed surgical intervention, the frequencies of BCS
and mastectomy with reconstruction have shown increasing
trends in recent years. The frequency of BCS increased to
more than 30% in recent years in FUSCC cohort. Early
detection  and  neoadjuvant  chemotherapy  may  have
contributed to the increase in the number of patients with
operable breast cancer, as these patients are the ones who
are candidates for BCS. The increased BCS rate is also in
accordance with the guidelines used after 2012, which state
that young age is not a relative contraindication for BCS
(29). However, the proportion is still  largely lower than
that  in  Western  countries.  In  SEER  cohort,  breast
conserving rate is higher than 50% in the young patients,
even though it has decreased in recent years. This result is
in concordance with the results of a previous report, which
showed  that  because  of  the  worry  about  LR  and  the
development of breast reconstruction techniques, a rapid
decrease in the rate of BCS has been observed in American
patients (30). The number of breast reconstructions after
mastectomy increased rapidly in the FUSCC cohort, rising
from  6.02%  in  2003  to  31.78%  in  2017  (427.9%  rise;

R2=0.716,  P<0.001).  Among  the  young  patients  who
received breast reconstruction, an overwhelming number of
patients selected implant/expander reconstructions, with
almost 80% of young patients with breast reconstruction
selecting IBBR in recent years.

The use of adjuvant therapy has also experienced a de-
escalation,  with  the  use  of  chemotherapy  in  particular
exhibiting  a  dramatic  decrease.  In  contrast,  the  use  of
hormonal therapy has increased. Although more patients
received BCS and fewer patients received chemotherapy,
DFS  showed  improvement  in  recent  years.  The
improvement in survival can be partially explained by the
increased proportion of patients with early-stage and ER-
positive breast cancer. Improved survival was more obvious
in the ER+/HER2− and ER−/HER2+ patients. While no
significant  improvement  could  be  evidenced  among
patients with the ER+/HER2+ or triple-negative subtypes
(ER−/HER2−)  subtypes.  Thus,  early  diagnosis  and
detection are not the only factors to improving prognosis of
young  breast  cancer  patients.  Improved  therapies  also
contribute  to  prognostic  improvements.  The  use  of
effective HER2-targeted therapy and endocrine therapy
during the  observation period contributes  substantially
(31,32). In contrast, these findings also suggest that BCS is
not contraindicated for all the young breast cancer patients,
and not all the young patients need adjuvant chemotherapy.

There are some limitations to this study. The data from
FUSCC cohort are based on a single cancer center; these
data may therefore be slightly different from that of the
National  Cancer  Registry  System.  Additionally,  the
presence of missing data and limited follow-up time can be
considered  weaknesses  of  this  study.  Other  limitations
include the lack of systemic treatment data and data on
HER2 and Ki-67 statuses in SEER cohort, which limited
the  analysis  of  their  influence  on  patients’  survival
improvements.

Conclusions

A down stage trend of young breast cancer patients during
study  period  was  found  in  cohort  of  FUSCC.  The
percentage  of  ER-positive  cancers  was  increased
consistently in both the FUSCC and SEER cohorts. BCS
and immediate implant reconstruction after mastectomy
have been increased during time. Both FUSCC and SEER
cohorts  showed  a  significantly  better  prognosis  in  the
recent time period. Taking the above into consideration,
with  the  changing  patterns  of  young  breast  cancer
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characteristics and treatment, young age alone should not
be a reason to prescribe more aggressive therapy. We also
expect better survival as well as long-term quality of life in
young patients in the future.

Acknowledgements

This  study  was  supported  in  part  by  grants  from  the
Shenkang center city hospital emerging frontier technology
joint research project (No. SHDC12015119) and National
Key R&D Program of China (No. 2017YFC1311004).

Footnote

Conflicts  of  Interest:  The  authors  have  no  conflicts  of
interest to declare.

References

Fidler MM, Gupta S, Soerjomataram I, et al. Cancer
incidence and mortality among young adults aged 20-
39 years worldwide in 2012: a population-based study.
Lancet Oncol. 2017;18:1579-89.

1.

Chen W, Zheng R, Baade PD, et al. Cancer statistics
in China, 2015. CA Cancer J Clin 2016;66:115-32.

2.

Yang  L,  Zheng  R,  Wang  N,  et  al.  Incidence  and
mortality of stomach cancer in China, 2014. Chin J
Cancer Res 2018;30:291-8.

3.

Copson ER, Cutress RI, Maishman T, et al. Obesity
and the outcome of young breast cancer patients in
the  UK:  the  POSH  study.  Ann  Oncol  2015;26:
101-12.

4.

Azim HA Jr., Partridge AH Biology of breast cancer
in young women. Breast Cancer Res 2014;16:427.

5.

Collins LC, Marotti JD, Gelber S, et al. Pathologic
features and molecular phenotype by patient age in a
large  cohort  of  young  women  with  breast  cancer.
Breast Cancer Res Treat 2012;131:1061-6.

6.

Azim HA Jr., Michiels S, Bedard PL, et al Elucidating
prognosis  and  biology  of  breast  cancer  arising  in
young women using gene expression profiling. Clin
Cancer Res 2012;18:1341-51.

7.

Surveillance, Epidemiology, and End Results (SEER)
Program.  SEER*Stat  Database  NCI,  DCCPS,
Surveillance  Research  Program,  National  Cancer
Institute. Available online: https://seer.cancer.gov/

8.

Edge SB, Byrd DR, Compton CC, et al.  American9.

Joint  Committee  on  Cancer  Staging  Manual.  7th
edition. New York: Springer, 2009.
Giuliano  AE,  Connolly  JL,  Edge  SB,  et  al.  Breast
Cancer-Major  changes  in  the  American  Joint
Committee on Cancer eighth edition cancer staging
manual. CA Cancer J Clin 2017;67:290-303.

10.

Goldhirsch A, Wood WC, Coates AS, et al. 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;22:1736-47.

11.

Shanghai  Cancer  Report  2001-2012.  Shanghai:
SCDC:  Shanghai  Municipal  Center  for  Disease
Control and Prevention, 2014.

12.

Shanghai  Cancer  Report  2015.  Shanghai:  SCDC:
Shanghai Municipal Center for Disease Control and
Prevention, 2015.

13.

Shanghai  Cancer  Report  2016.  Shanghai:  SCDC:
Shanghai Municipal Center for Disease Control and
Prevention, 2016.

14.

Brinton LA, Sherman ME, Carreon JD, et al. Recent
trends in breast cancer among younger women in the
United States. J Natl Cancer Inst 2008;100:1643-8.

15.

Gnerlich JL, Deshpande AD, Jeffe DB, et al. Elevated
breast cancer mortality in women younger than age
40 years compared with older women is attributed to
poorer survival in early-stage disease. J Am Coll Surg
2009;208:341-7.

16.

Woo PP, Kim JJ, Leung GM. What is the most cost-
effective population-based cancer screening program
for Chinese women? J Clin Oncol 2007;25:617-24.

17.

Welch HG, Prorok PC, O’Malley AJ, et al. Breast-
cancer tumor size, overdiagnosis, and mammography
screening  effectiveness.  N  Engl  J  Med  2016;375:
1438-47.

18.

Li CI, Daling JR, Malone KE. Incidence of invasive
breast cancer by hormone receptor status from 1992
to 1998. J Clin Oncol 2003;21:28-34.

19.

Yamashita H, Iwase H, Toyama T, et  al.  Estrogen
receptor-positive breast cancer in Japanese women:
trends  in  incidence,  characteristics,  and prognosis.
Ann Oncol 2011;22:1318-25.

20.

Hammond  ME,  Hayes  DF,  Dowsett  M,  et  al.
American Society of Clinical Oncology/College Of
American Pathologists  guideline recommendations
for  immunohistochemical  testing  of  estrogen  and

21.

Chinese Journal of Cancer Research, Vol 31, No 4 August 2019 661

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2019;31(4):653-662

https://seer.cancer.gov/
https://seer.cancer.gov/


progesterone receptors in breast cancer. J Clin Oncol
2010;28:2784-95.
Yip  CH,  Pathy  NB,  Uiterwaal  CS,  et  al.  Factors
affecting  estrogen  receptor  status  in  a  multiracial
Asian country: an analysis of 3557 cases. Breast 2011;
20 Suppl 2:S60-4.

22.

Sieri S, Chiodini P, Agnoli C, et al. Dietary fat intake
and development of specific breast cancer subtypes. J
Natl Cancer Inst 2014:106.

23.

Hanna WM, Slodkowska E, Lu FI, et al. Comparative
analysis of human epidermal growth factor receptor 2
testing in breast cancer according to 2007 and 2013
American Society of  Clinical  Oncology/College of
American Pathologists Guideline Recommendations.
J Clin Oncol 2017;35:3039-45.

24.

van  Dooijeweert  C,  Deckers  IAG,  Baas  IO,  et  al.
Hormone- and HER2-receptor assessment in 33,046
breast cancer patients:  a nationwide comparison of
positivity rates between pathology laboratories in the
Netherlands.  Breast  Cancer  Res  Treat  2019;175:
487-97.

25.

Clark  BZ,  Onisko  A,  Assylbekova  B,  et  al.  Breast
cancer global tumor biomarkers: a quality assurance
study  of  intratumoral  heterogeneity.  Mod  Pathol
2019;32:354-66.

26.

Yerushalmi R, Woods R, Ravdin PM, et al. Ki67 in
breast  cancer:  prognostic  and  predictive  potential.
Lancet Oncol 2010;11:174-83.

27.

Petrelli  F,  Viale  G,  Cabiddu  M,  et  al.  Prognostic
value  of  different  cut-off  levels  of  Ki-67  in  breast
cancer:  a  systematic  review  and  meta-analysis  of
64,196  patients.  Breast  Cancer  Res  Treat  2015;
153:477-91.

28.

NCCN Clinical  Practice  Guidelines  in  Oncology:
Breast Cancer V.1.2012. Jenkintown: The National
Comprehensive  Cancer  Network,  2012.  Available
online: http://www.nccn.org

29.

Pesce CE, Liederbach E, Czechura T, et al. Changing
surgical  trends  in  young  patients  with  early  stage
breast  cancer,  2003  to  2010:  a  report  from  the
National  Cancer  Data Base.  J  Am Coll  Surg 2014;
219:19-28.

30.

Slamon D, Eiermann W, Robert N, et al. Adjuvant
trastuzumab in HER2-positive breast cancer. N Engl
J Med 2011;365:1273-83.

31.

Burstein  HJ,  Prestrud  AA,  Seidenfeld  J,  et  al.
American  Society  of  Clinical  Oncology  clinical
practice  guideline:  update  on  adjuvant  endocrine
therapy for women with hormone receptor-positive
breast cancer. J Clin Oncol 2010;28:3784-96.

32.

Cite this article as: Guo R, Si J, Xue J, Su Y, Mo M, Yang B,
Zhang  Q,  Chi  W,  Chi  Y,  Wu  J.  Changing  patterns  and
survival improvements of young breast cancer in China and
SEER  database ,  1999−2017.  Chin  J  Cancer  Res
2019;31(4):653-662.  doi:  10.21147/j.issn.1000-9604.2019.
04.09

662 Guo et al. Young breast cancer in nineteen years

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2019;31(4):653-662

http://www.nccn.org
http://www.nccn.org
http://www.nccn.org


 

Figure S1 Trends in diagnosis and characteristics of young breast cancer patients in Shanghai, FUSCC and SEER cohorts. (A) Time trends
of proportion of newly diagnosed young breast cancer patients in Shanghai cohort; (B) Age distributions of young breast cancer patients in
Shanghai cohort; (C−F) Tends in staging of young breast cancer patients during 1999−2017 and 1999−2015 in Fudan University Shanghai
Cancer Center (FUSCC) and population-based Surveillance,  Epidemiology,  and End Results  (SEER) cohort;  (C,D) Proportion of
pathological lymph node stage; (E,F) Pathological stage according to American Joint Committee on Cancer (AJCC) system; (G) Trends in
phenotype of young breast cancer patients from 2009−2017 in FUSCC cohort. HER2, human epidermal growth factor 2; TNBC, triple
negative breast cancer.
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