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A B S T R A C T   

Purpose: Young age is associated with poor prognosis in ductal carcinoma in situ (DCIS) of female breast and 
controversy exists regarding the optimal treatment modality for young patients. We aimed to compare treatment 
outcomes among breast conserving surgery (BCS), BCS with adjuvant radiotherapy (BCS + RT), and total 
mastectomy (MT) for young DCIS women. 
Methods: PubMed, Cochrane, and Embase were searched for studies reporting comparative results among BCS, 
BCS + RT, or MT in ≤50 years old (y/o) DCIS females. Study quality was assessed and meta-analysis with 
subgroup analysis was performed to pool the effect sizes of the outcomes-of-interest. 
Results: We included 3 randomized control trials and 18 observational studies. For DCIS women ≤50 y/o, RT 
following BCS significantly reduced the risk for ipsilateral breast tumor recurrence (IBTR) (HR = 0.66, 95% CI 
0.50–0.87). However, the benefit was less robust in extremely young patients and with long follow-ups. RT 
revealed no statistically significant preventive effect on ipsilateral invasive recurrence (HR = 1.38, 95% CI 
0.98–1.94). On the other hand, MT yielded the lowest IBTR (BCS + RT vs MT: HR = 4.4, 95% CI 2.06–9.40), both 
in ipsilateral DCIS recurrence and ipsilateral invasive recurrence. There was great heterogeneity and could not 
reach an evident conclusion concerning survival outcomes. 
Conclusion: This study highlighted the varying effect of RT for young DCIS females. The local control benefit of 
MT was definite without survival differences observed. Our study provided a moderate certainty of evidence to 
guide the treatment for young DCIS women. Further age-specific prospective trial is warranted.   

1. Introduction 

Ductal carcinoma in situ (DCIS) of the female breast is a common pre- 
cancer lesion accounting for 20% of annual breast cancer diagnosis [1]. 

If not treated, 10–28% of DCIS patients may develop invasive breast 
cancers and have a higher risk for breast cancer deaths [2,3]. To reduce 
the risk of further breast cancer events, total mastectomy (MT) has been 
performed for DCIS patients. After breast conserving surgery (BCS) was 
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introduced, it has become the mainstay of DCIS treatment due to better 
cosmetic outcomes [4,5]. Adjuvant radiotherapy (RT) is also widely 
applied after BCS with its local control benefit observed in four large 
clinical trials [6–9]. 

In previous studies, young age at diagnosis, mostly defined as <40 or 
<50 years old (y/o), was recognized as a negative prognostic factor for 
DCIS women [10,11]. The 10-year breast tumor recurrence risk was 
11.2–31% for women diagnosed ≤40 y/o and was 3–9% for those 
diagnosed >40 y/o [10,12–14]. Young age was also associated with a 
higher breast cancer mortality rate, with the hazard ratio (HR) of 2.58 
for those diagnosed before 35 y/o compared to the older counterpart 
[15]. As a result, young DCIS patients tended to receive more intensive 
treatment in respect of surgical extent and RT [16,17]. 

In addition to the difference in prognosis, diagnostic age was found 
to influence the treatment effect of RT. The proportional and absolute 
risk reduction in ipsilateral breast events was less in younger than in 
older women with DCIS, which was not confounded by known prog-
nostic factors [4,18]. Nevertheless, the young subgroup accounted for 
only a small portion of previous study populations and has not been 
comprehensively evaluated [5,19]. Literature regarding DCIS treat-
ments for young women is sparse and no age-specific guideline is 
available. Without robust evidence to counsel the distinct subgroup, 
approaches to treating young DCIS women have been extrapolated 
largely from research conducted in women of greater age. 

From 1975 to 2015, the incidence of DCIS had an approximately 4- 
fold increase in females aged 20–39 y/o [20]. With the growth of the 
extremely young DCIS population, we aimed to comprehensively review 
published literature for treatment outcomes among BCS, BCS + RT, and 
MT for young DCIS women. 

2. Materials and methods 

A systematic review with study-level meta-analysis divided by 
treatment modalities was performed. This review was reported accord-
ing to the Preferred Reporting Items for Systematic Reviews and Meta- 
Analysis (PRISMA) statement [21]. 

Inclusion criteria were randomized control trials (RCTs) or obser-
vational studies reporting comparative outcomes among BCS, BCS + RT, 
and MT for female DCIS patients diagnosed before 50 y/o, whether as an 
age-specific study or in subgroup analysis. Outcomes should include at 
least one of the following: ipsilateral breast tumor recurrence (IBTR), 
disease-specific survival (DSS), or overall survival (OS) of the subgroup- 
of-interest. 

In June 2018, we searched PubMed, Cochrane Controlled Register of 
Trials (CENTRAL), and Embase from their inception using keywords, 
including ductal carcinoma in situ, DCIS, non-invasive breast cancer, 
lumpectomy, BCS, radiotherapy, mastectomy, their synonyms, and 
associated MeSH terms; limitations such as publish date, language, or 
publication type were not set. The search results were tracked and last 
updated on November 7th, 2021. Reference lists of relevant literature 
were scrutinized to identify possible eligible studies. 

The search results were reviewed by two independent authors, who 
used titles and abstracts to evaluate a study’s eligibility for inclusion. For 
articles containing young DCIS women where inadequate data were 
reported for the subgroup-of-interest, the corresponding authors were 
contacted to request further information. When more than one publi-
cation reported on the same RCTs or cohorts derived from the same 
population, only data from the most sophisticated study design or the 
latest literature with the updated population and longest follow-up 
would be enrolled in the meta-analysis. 

For quality assessment of enrolled studies, a six-domain risk-of-bias 
2.0 (RoB 2.0) tool was used to appraise RCTs [22]. The nine-item 
Newcastle-Ottawa Scale was applied to assess the quality of observa-
tional studies [23]. Data extraction and quality assessment of each 
article were independently performed by two authors; a third author 
was consulted if a disagreement ensued. As BCS + RT is currently the 

most recognized local treatment, outcomes of BCS + RT were compared 
to those of BCS or MT, respectively. Age-specific HRs and their 95% 
confidence intervals (95%CI) were extracted for IBTR, DSS, and OS. If 
results of the multivariate analysis were reported, adjusted HRs were 
used. In articles reporting only cases and event numbers in the 
subgroup-of-interest, HRs were calculated from risk ratio based on the 
methodology published by Parmar et al. [24]; for studies with an inverse 
design of experimental versus the control arm, reciprocals of HRs and 
95%CIs were recorded [25]. Meta-analysis of extracted data was per-
formed with Review Manager (RevMan) ([Computer program]. Version 
5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collabo-
ration, 2014) and presented in a forest plot with heterogeneity tested by 
I2 analysis. Having cohorts from different countries and over a wide 
period of time, factors including median follow-up time, hormone 
therapy use, surgical margin status, application of boost irradiation, and 
patient-included year were taken into consideration as indexes of the 
quality of medical care for each cohort. Subgroup analyses stratified by 
the above-mentioned factors, along with study designs, the cutoff age for 
the young population, and the application of multivariate analysis were 
performed to evaluate the impact of these possible confounders. 

3. Results 

3.1. Search results and study inclusions 

Excluding 894 duplications, the initial search included 3059 articles 
from electronic databases, with the earliest publication dated back to 
1973. After screening by title, abstract, and full-text article, we found 31 
articles, published between 1998 and 2021, that reported outcomes for 
young DCIS females. Ten articles were further excluded due to inade-
quate information about the subgroup-of-interest or overlapping data. 
Finally, 21 studies were included (Fig. 1). The overall population 
comprised 440,814 DCIS females, including 114,619 females diagnosed 
at 50 y/o or less. Only data regarding young DCIS women would be 
presented in the following text, including tables and figures. Among the 
included young patients, 23,395 cases received BCS (20.4%), 52,291 
cases had BCS + RT (45.6%), and 38,933 cases underwent MT. 

There were 3 RCTs [6,7,18] and 18 observational studies [16,17, 
26–41] included: 13 compared outcomes between BCS and BCS + RT, 8 
reported outcomes among BCS, BCS + RT, and MT; five were 
age-specific observational studies and 16 reported outcomes-of-interest 
in subgroup analysis. Other information regarding the enrolled studies 
were listed in Table 1. 

Among the 3 RCTs, concerns regarding the domain of allocation 
arose since data revealing balanced baseline characteristics for the 
young subgroup was not available; the NSABP B-17 trial was an 
exception as age-stratification was performed during randomization. 
Otherwise, risks of bias for other domains were low (Supplementary 
Table S1 A). The NOS score for the 18 observational studies ranged from 
5 to 8 points. Most bias concerns were directed at the field of compa-
rability; confounders were not controlled for the young subgroup in 
some studies (Supplementary Table S1 B). 

3.2. Ipsilateral breast tumor recurrences risk after DCIS 

Comparative results in ipsilateral breast tumor recurrence among 
BCS + RT, BCS, and MT were pooled and presented in Fig. 2 and Sup-
plementary Fig. S2. Comparing BCS + RT to BCS, RT presented an IBTR 
risk reduction for women ≤50 y/o, the pooled HR being 0.66 (95% CI 
0.50–0.87; I2 = 52%). The protective effect of RT was less profound in 
pooled results of ipsilateral DCIS recurrence (HR = 0.85, 95% CI 
0.54–1.36) and showed a non-significant trend for elevated risk for 
ipsilateral invasive events (HR = 1.38, 95% CI 0.98–1.94). 

When compared to MT, BCS + RT had a higher IBTR risk. The pooled 
HR was 4.4 with great consistency (95% CI 2.06–9.40; I2 = 0%). The 
inferiority of BCS + RT was found significant in both ipsilateral DCIS 
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(HR = 4.98, 95% CI 1.42–17.43) and invasive recurrence (HR = 6.57, 
95% CI 4.75–9.10). 

3.3. Subgroup analysis of IBTR risk comparing BCS + RT versus BCS 

Subgroup analyses were performed for IBTR. The results were shown 
in Table 2 and Supplementary Fig. S3. When stratified by cutoff age for 
the young population, studies focusing on < 40 y/o females revealed a 
smaller IBTR risk reduction with RT, compared to studies including 
women aged 40–50 y/o. The pooled HR of IBTR for <40 y/o women was 
not able to support a statistically significant benefit of RT (HR = 0.82, 
95% CI 0.48–1.39; I2 = 30%). 

Stratified by median follow-up time, there was a subgroup difference 
observed among studies with shorter versus longer follow-up. Results 
from studies with median follow-up < 7 years had low heterogeneity 
and indicated an IBTR risk reduction with RT. But for those with longer 
median follow-up, the benefit of RT was less consistent among studies 
and did not reach a statistically significant superiority. In other sub-
group analyses, there was no specific trend observed among studies with 
different hormone therapy coverage, the proportion of patients 
achieving free surgical margin or receiving boost irradiation, or patient- 
included year. The pooled effect of RT on IBTR did not vary significantly 
between different study designs and those with and without multivariate 

analysis. 

3.4. Survival outcomes 

There were 7 retrospective cohort studies providing survival out-
comes, 6 of which were derived from the database of the US including 
Surveillance, Epidemiology, and End Results (SEER) and National 
Cancer Database (NCDB). Considering possible repeated sampling 
among studies derived from SEER and NCDB while they were equal in 
quality, data from studies with coverage of the most recent population 
were selected for meta-analysis. The pooled results were shown in 
Supplementary Fig. S4 with moderate to high heterogeneity observed 
except for the DSS between BCS + RT and MT. It revealed no significant 
difference among BCS, BCS + RT, and MT concerning OS and DSS. 

4. Discussion 

To our knowledge, this is the largest series of young DCIS women 
including 114,619 ≤ 50 y/o DCIS females from 21 studies, where out-
comes of BCS, BCS + RT, and MT were compared. With the systematic 
review and study-level meta-analysis, our study confirmed the IBTR risk 
reduction by RT in young DCIS females, while pointing out the differ-
ence of RT benefit among age groups. The benefit of RT was less robust 

Fig. 1. PRISMA flow diagram of summarizing study identification and selection 
CENTRAL: Cochrane Controlled Register of Trials. 
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Table 1 
Characteristics of enrolled studies.  

Study design/ 
Enrolled studies 

Countries Enroll 
years 

Overall population Young population 

Case 
No. 

Median 
f/u (y) 

Hormone 
therapy use 

Free margin RT regimens Cutoff 
agea 

Case No. 
(%)b 

Randomized control trialsc 

NSABP B-17 
1998 [7] 

US, Canada 1985–1990 818 7.5 0% 87% (positive or NA: 
13%) 

50 Gy/25 frx; 9% with boost 49 274 
(33.5%) 

EORTC 10853 
2006 [6] 

Europe 1986–1996 1010 10.5 0% 84% (Positive, < 1 mm, 
or NA: 16%) 

50 Gy/25 frx; 5% with boost 40 51 
(5.0%) 

SweDCIS 2008 
[18] 

Sweden 1987–1999 1067 8.4g 0% 80% (positive: 11%, NA: 
9%) 

50 Gy/25 frx, or 48 Gy/20 
frx, or 54 Gy/27 frxi; boost 
not recommended 

49 252 
(23.6%) 

Observational studies 
Van Zee 1999 

[26] 
US 1978–1990 157 6.2 8% 44% (positive: 3%, NA: 

53%) 
prescribed dose: 50 Gy; 
100% with boost (10–20 Gy) 

39 15 
(9.5%) 

Cutuli 2002 
[27] 

France 1985–1995 822 7.2 NA 78.6% (positive: 7.5%, 
NA: 13.9%) 

minimal whole-breast dose: 
45 Gy; 80% with boost 
(10–20 Gy) 

39 51 
(6.2%) 

Omlin 2006 
[28] 

Transnationald 1978–2004 373 6 7% 65.4% (positive: 5.4%, 
NA: 29.2%) 

median whole breast dose: 
50 Gy; 47.5% with boost 
(median boost dose: 10 Gy) 

45 373 
(100%) 

Gonzaga 2009 
[29],e 

Italy 1996–2005 775 3.3 26.0% (ER+: 
48%) 

86.3% (positive: 13.7%) most common RT schedule: 
50 Gy without boost 

40 72 
(9.3%) 

Tunon-de-Lara 
2010 [30] 

France 1974–2003 207 13.3 1.0% 85.7% in BCS (positive: 
14.3%) NA in TM 

50 Gy whole breast RT; 
45.5% with boost (10 Gy) 

39 207 
(100%) 

Alvarado 2012 
[31] 

US 1996–2009 2037 5.2 35.7% (<40 
y/o: 28.8%) 

99.8% (positive: 0.2%) NA 39 132 
(6.5%) 

Rakovitch 2013 
[32] 

Canada 1994–2003 3762 10 17% in >65 
y/o 

55.7% (positive: 13.9%, 
NA: 30.4%) 

50 Gy/25frx; or 40–44 Gy/ 
16 frxj; without boost 

50 480 
(12.8%) 

NA in <65 y/ 
o 

Worni 2015 
[33] 

US-SEER 1991–2010 121,080 5.9 NAh NAh NAh 49 31,036 
(25.6%) 

Qian 2015 [34] US-SEER 1998–2007 56,968 7.6 NAh NAh NAh 50 15,554 
(27.3%) 

Elshof 2016 
[35] 

Netherland 1989–2004 10,090 10.7 0% NA NA 49 2159 
(21.4%) 

Cronin 2016 
[36] 

US 1978–2010 2634 6.3 21% (<40 y/ 
o: 11%) 

74% (positive: 19%, NA: 
7%) < 40y/o: 71% 
(positive and close: 19, 
NA: 10%) 

NA 39 138 
(5.2%) 

Sagara 2016 
[16] 

US-SEER 1988–2007 32,144 8 NAh NAh NAh 40 896 
(2.8%) 

Kim 2017 [37] Korea 1995–2010 286 6.4 61.5% 93.7% (positive: 6.3%) median dose: 50.4 Gy 
(45.0–50.4 Gy); median 
dose of boost: 12.6 Gy (9–20 
Gy) 

50 286 
(100%) 

Park 2018 [17] 
f 

US-SEER 1998–2011 3648 7 NAh NAh NAh 40 3648 
(100%) 

Kuo 2018 [38] Taiwan 2003–2010 375 7.9 73.1% 72.5% (positive and 
close: 27.5%) 

50 Gy/25 frx whole breast 
RT; 100% with boost: 10 
Gy/5 frx 

39 45 (12%) 

Giannakeas 
2018 [39] 

US-SEER 1998–2014 140,366 NA NAh NAh NAh 39 4657 
(3.3%) 

Van Seijen 2021 
[40] 

Netherland 1989–2004 10,045 15.7 0% NA NA 49 2143 
(21.3%) 

Byun 2021 [41] 
f 

US-NCDB 2004–2016 52,150 5.4 32.0% (ER+: 
43.7%) 

94.5% NA 49 52,150 
(100%) 

f/u: follow up, y: years, RT: radiotherapy, US: United States, SEER: Surveillance, Epidemiology, and End Results Program, NCDB: National Cancer Database, NA: not 
available, ER+: estrogen receptor positive, y/o: year-old, BCS: breast conserving surgery, TM: mastectomy. 

a The cutoff value of age as young population in each studies. 
b The proportion of defined young subgroup in each studies. 
c The UK/ANZ trial was not included due to inadequate information provided for outcome-of-interest in the young subgroup. 
d The cohorts included patients from Australia, Belgium, France, the UK, Israel, Italy, the Netherlands, Spain, Switzerland, Turkey, and the US. 
e For Gonzaga 2009, only those with grade II-III DCIS receiving breast conserving surgery were included for the meta-analysis. 
f For Park 2018 and Byun 2021, those receiving contralateral prophylactic mastectomy or post-mastectomy radiotherapy were not included in the meta-analysis. 
g The values presented were the mean values instead of median. 
h The prescription of tamoxifen, dose of radiotherapy, and surgical margin were not available in SEER database. 
i The distribution of whole breast radiation dose: 50 Gy/25 frx in 80%, 48 Gy/20 frx in 13%, 54 Gy/27 frx then 2 weeks gap in 7%. 
j The distribution of whole breast radiation dose: 50 Gy/25 frx in 56%, 40–44 Gy/16 frx in 36%, NA for others. 
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in extremely young patients (<40 y/o), with long follow-up (>7 years), 
and in the prevention of invasive events. On the other hand, MT yielded 
a superior ipsilateral control in both DCIS and invasive recurrence. In 
terms of survival, currently available data was sparse and non- 
conclusive among these treatment modalities. 

Unlike the proportional reduction of recurrence observed in invasive 
breast cancer [42], the local control benefit of RT was smaller in younger 
DCIS women, who were at higher risk for recurrence. Combining 4 RCTs, 
the EBCTCG review and the Cochrane meta-analysis both revealed a 

smaller IBTR risk reduction by RT in DCIS women younger than versus 
older than 50 y/o, having the 10-year absolute IBTR risk reduction of 
10.6% vs 17% and the risk ratio of 0.67 vs 0.35, respectively [4,43]. In 
current clinical practice, young DCIS women were more likely to be 
symptomatic and the coverage of hormone therapy increased, which 
were different from the study populations of the 4 RCTs [4]. With the 
addition of more recent cohorts, our study revealed a 34% IBTR risk 
reduction with RT in ≤50 y/o DCIS females receiving BCS. 

In the EBCTCG study, the trend in the decrease of RT benefit with 

Fig. 2. The recurrences of comparing breast conserving surgery with or without adjuvant radiotherapy, and mastectomy in DCIS patients ≤50 years of age. 
HR: hazard ratio, CI: confidence interval, BCS + RT: breast conserving surgery with adjuvant radiotherapy, BCS: breast conserving surgery, IBTR: ipsilateral breast 
tumor recurrence, DCIS: ductal carcinoma in situ, MT: total mastectomy. 

Table 2 
Subgroup analysis for ipsilateral breast tumor recurrence (IBTR) comparing BCS + RT to BCS in DCIS women diagnosis at 50 year-old or less.  

Stratification  No. of studies HR 95% CI Intra-subgroup heterogeneity (I square) p value for inter-subgroup interaction test 

Cutoff age for young subgroup <40 y/o 6 0.82 0.48, 1.39 30% 0.31 
40 - 50 y/o 8 0.60 0.43, 0.83 64% 

Median f/u timea <7 y 6 0.45 0.29, 0.68 8% 0.04 
7–10 y 5 0.82 0.65, 1.04 13% 
≥10 y 3 0.80 0.37, 1.74 75% 

Hormone therapy usea,b ≥50% 2 0.28 0.09, 0.82 17% 0.17f 

<50% 9 0.62 0.43, 0.89 47% 
NA 3 0.92 0.76, 1.12 0% 

Free surgical margina,c ≥80% 7 0.60 0.36, 0.99 61% 0.89f 

<80% 6 0.62 0.46, 0.85 0% 
NA 1 0.97 0.78, 1.21 – 

Study design RCT 3 0.59 0.42, 0.83 0% 0.51 
Obs. 11 0.69 0.49, 0.96 54% 

Multivariate analysisd With 3 0.67 0.39, 1.17 76% 0.88 
without 11 0.64 0.46, 0.90 39% 

Boost irradiationa 100% 2 0.48 0.17, 1.34 0% 0.69f 

1–99% 5 0.62 0.33, 1.18 71% 
0% 3 0.74 0.54, 1.02 0% 
NA 4 0.56 0.27, 1.16 66% 

Patient-included year e before 1990 2 0.55 0.34, 0.89 0% 0.75 
cross years 6 0.67 0.41, 1.12 63% 
after 1990 6 0.69 0.46, 1.03 48% 

BCS + RT: breast conserving surgery with adjuvant radiotherapy, BCS: breast conserving surgery, HR: hazard ratio, 95% CI: 95% confidence interval, RCT: randomized 
control trials, Obs.: observational studies, y/o: years old, f/u: follow-up, y: years, NA: not available. 

a For non-age specific studies, data of these factors from the whole study population would be taken as the proxy for the young subgroup, assuming the distributions 
were similar among age groups as an indicator for quality of medical care. 

b The incidence of positive estrogen receptor in DCIS was ranged from 49 to 77.8%[59]. Therefore, ≥ 50% was chosen as the cutoff value for subgroup analysis, 
indicating a more regular use of hormone therapy in the study population. 

c In order to compare with the EBCTCG study including 4 large RCTs having the free surgical margin rate of 80% or more, ≥ 80% was chosen as the cutoff value for 
subgroup analysis. 

d Factors corrected in studies with multivariate analysis: Omlin 2006: age, detection method, tumor size, necrosis, tumor grade, margin status, oestrogen-receptor 
status; Park 2018: age, year of diagnosis, race, registry region, tumor grade, histology, size, hormone receptor status; SWeDCIS: tumor size, focality, margin status, 
mode of detection. 

e Patient-included year was taken as substitutional index for technique of radiation therapy. Case inclusion before 1990 was considered at risk for suboptimal RT 
techniques [60]. 

f The p value if for inter-subgroup interaction analysis test excluding the NA subgroup. 
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younger age was also significant when patients were further divided into 
5 age groups (<40, 40–49, 50–59, 60–69, and ≥70 y/o) [4]. Knowing 
the impact of age, results derived from women of different ages should 
not be applied to younger females without detailed consideration. 
However, the effect of RT for <40 y/o DCIS women has not been re-
ported in the previous meta-analyses [4,43]. Focusing on women <40 
y/o, neither the included studies nor the pooled result has revealed a 
difference between BCS + RT and BCS concerning IBTR risk in our study. 
Therefore, taking an extremely young age as an indication for RT might 
warrant further evaluation. 

Having a pre-cancer lesion diagnosed early in life, young DCIS 
women have an optimistic 10-year OS rate of more than 94% [6,12,44]. 
Therefore, the long-term treatment effect, especially on preventing 
possible life-threatening invasive events, is essential. However, the 
protective effect of RT seemed to diminish over time and was less 
effective on invasive recurrence. A similar time-varying trend was also 
observed in young DCIS women from three population-based cohort 
studies with long-term follow-up. For DCIS women ≤40 y/o recruited 
from SEER database, BCS + RT yielded a 5-fold lower IBTR risk than BCS 
at 2 years, which reduced to 2-fold by 5 years and eventually diminished 
with longer follow-up [17]. Another study from the Netherlands found 
no difference in ipsilateral invasive breast cancer (iIBC) risk between 
young DCIS patients receiving BCS + RT and BCS beyond 5 years from 
diagnosis [35]. Based on the same cohort with longer follow-up, van 
Seijen et al. even reported a higher iIBC risk with BCS + RT beyond 10 
years [40]. Nevertheless, this phenomenon was not seen for the older 
counterpart who sustained a lower iIBC risk with RT [35,40]. 

The mechanism underlying the varying effect of RT on DCIS women 
of different ages is not clearly understood. It cannot be ascribed to by 
difference in histological grade, comedonecrosis, or by difference in 
nuclear grade or architecture in the EBCTCG study [4]. The age effect 
was not confounded by focality, lesion size, completeness of excision, or 
detection mode, as stated in the SweDCIS trial [9]. Some concerns were 
raised about the suboptimal radiation dose in the relatively high-risk 
population. Boost irradiation was reported to further improve local 
control in young DCIS women [28,45], at the cost of increased toxicity 
[46]. Nevertheless, this meta-analysis might be ineffectual at evaluating 
the impact of boost irradiation since it was not clearly provided in many 
studies. The local control result of the ongoing BIG 3–07/TROG 07.01 
trial (NCT00470236) might provide a more precise answer on this issue. 
Other possible causes were the difference in endogenous hormone 
levels, the impact of pregnancy on disease control, and the possible 
existence of some difference in immunity or biogenetics for women to 
develop DCIS at a young age and, meanwhile, limiting the RT benefit. 
Evaluating the location of new breast events and the disease-free in-
terval would help differentiate second primary cancer from true recur-
rence in these radiosensitive young females [47]. With further 
understanding of the mechanism, we may be able to optimize and 
personalize the treatment of DCIS. 

Total mastectomy had never been compared to BCS in a clinical trial 
for DCIS. The results pooled from observational studies were highly 
consistent. It indicated that MT leads to the lowest IBTR risk, both in 
DCIS and invasive recurrence. Along with the rising incidence of DCIS in 
young women, MT is increasingly performed for this distinct population 
in the US [17,41]. Although the extent of MT may cause more sequelae 
in body imaging impact and psychosocial distress [48,49], the young 
population was found to recover from depressed mood faster and benefit 
the most from breast reconstruction which significantly corrects the 
negative impacts of MT [50–52]. 

In respect of survival between BCS + RT and BCS, results were highly 
consistent among SEER-derived studies, which indicated a superior 
survival with RT. With the adjustment of socioeconomic status, surgical 
margin, and hormone therapy, the NCDB-derived study agreed on the 
overall survival benefit, but the benefit was of less magnitude [41]. 
Despite sophisticated study designs, the results might warrant further 
validation considering the short follow-up and highly confounded 

distribution of patients among treatment groups [17,41]. The absence of 
a statistically significant superiority of BCS + RT in the pooled survival 
results could be accounted for by the retrospective cohort study with a 
median follow-up of 13.3 years [30]. Nevertheless, the relatively small 
sample size and absence of multivariate analysis in the result-of-interest 
might decrease the accuracy of the result [30]. On the other hand, no 
survival difference was observed between young DCIS women receiving 
BCS + RT and MT. Although evidence was emerging to support a su-
perior survival with BCS + RT over MT in patients with invasive breast 
cancer [53–55], the benefit was stated to arise from the prevention of 
distal metastasis [56], which is extremely rare in the case of pure DCIS. 
Therefore, the authors could not reach a conclusive suggestion con-
cerning survival outcomes with currently available data. Since the sur-
vival difference was less evident and might be trivial, long-term 
toxicities, such as second primary cancer, major cardiovascular events, 
and cosmetic outcome [57,58], should be carefully weighed against 
benefit. Deep-inspirational breath-hold (DIBH) technique or prone po-
sition could be considered to reduce exposure dose of heart. Young DCIS 
women and their physicians might need a personalized and thoughtful 
discussion before making their treatment decision. 

Nevertheless, the findings of this study have to be seen in the light of 
some limitations. The influence of competing events on local control 
outcomes was not fully estimated. Some important outcomes such as 
contralateral breast events were not reported due to the limited avail-
able data. With the lack of age-specific RCTs, the data was mainly 
extracted from subgroup analysis of clinical trials and retrospective 
cohort studies, and some were thus not adjusted for possible con-
founders. Although subgroup analyses revealed no inter-group differ-
ence among study designs and application of multivariate analysis, 
possible imbalance of known risk factors, such as tumor size, histological 
grade, and comedonecrosis, among treatment groups might still cause 
selection bias that could lead to underestimation of RT benefit. 

5. Conclusion 

With the evidence available for young DCIS females at present, this 
study validated the reduction of IBTR with RT and highlighted its 
varying effect with diagnostic age, follow-up duration, and recurrent 
type. On the other hand, the local control benefit of MT was more 
evident and consistent. Without conclusive evidence for survival dif-
ferences at present and having different adverse effects, it would be 
recommended that local treatment options, including BCS, BCS + RT, 
and MT, should be well discussed with young DCIS patients through a 
shared-decision making process. Further studies on the mechanism of 
the varying effect of RT and age-specific prospective trials are required. 
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