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Abstract

Background: The vast majority of women diagnosed with ductal carcinoma in situ (DCIS) undergo treatment. Therefore, the
risks of invasive progression and competing death in the absence of locoregional therapy are uncertain.
Methods: We performed survival analyses of patient-level data from DCIS patients who did not receive definitive surgery or ra-
diation therapy as recorded in the US National Cancer Institute’s Surveillance, Epidemiology, and End Results program (1992–
2014). Kaplan-Meier curves were used to estimate the net risk of subsequent ipsilateral invasive cancer. The cumulative inci-
dences of ipsilateral invasive cancer, contralateral breast cancer, and death were estimated using competing risk methods.
Results: A total of 1286 DCIS patients who did not undergo locoregional therapy were identified. Median age at diagnosis was
60 years (inter-quartile range ¼ 51–74 years), with median follow-up of 5.5 years (inter-quartile range ¼ 2.3–10.6 years).
Among patients with tumor grade I/II (n¼547), the 10-year net risk of ipsilateral invasive breast cancer was 12.2% (95% confi-
dence interval [CI] ¼ 8.6% to 17.1%) compared with 17.6% (95% CI ¼ 12.1% to 25.2%) among patients with tumor grade III
(n¼244) and 10.1% (95% CI ¼ 7.4% to 13.8%) among patients with unknown grade (n¼495). Among all patients, the 10-year cu-
mulative incidences of ipsilateral invasive cancer, contralateral breast cancer, and all-cause mortality were 10.5% (95% CI ¼
8.5% to 12.4%), 3.9% (95% CI ¼ 2.6% to 5.2%), and 24.1% (95% CI ¼ 21.2% to 26.9%), respectively.
Conclusion: Despite limited data, our findings suggest that DCIS patients without locoregional treatment have a limited risk
of invasive progression. Although the cohort is not representative of the general population of patients diagnosed with DCIS,
the findings suggest that there may be overtreatment, especially among older patients and patients with elevated
comorbidities.

The detection and clinical management of ductal carcinoma in
situ (DCIS) poses a critical public health challenge. Each year,
more than 50 000 women in the United States are diagnosed
with DCIS (1), and 98% of them undergo surgery in the form of a
lumpectomy (with or without radiation therapy), mastectomy,
or bilateral mastectomy (2). There is concern that a clinically
significant fraction of these women may be overtreated for in-
dolent or slowly growing disease that would, in the absence of
treatment, not develop into symptomatic or clinically signifi-
cant breast cancer during their remaining lifetime (3,4).
Importantly, overtreated patients are at risk of experiencing

treatment-associated harms—including pain and sensory dis-
turbances, psychological distress, and radiation-induced
malignancies—without any cancer-related benefits (5,6).

To prevent potentially harmful overtreatment of DCIS, it is
essential to identify well-defined subgroups of patients who are
at minimal risk for progression to invasive breast cancer. The
risk of breast cancer-specific mortality in the absence of locore-
gional treatment has been previously reported (7). However,
there are few available data on the risk of invasive progression
of DCIS in the absence of definitive surgery and radiation with
which to inform risk stratification (8). To address this clinical
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question, three randomized clinical trials are currently enrolling
low-risk patients to surgery or active surveillance, some of
whom will undergo treatment with endocrine therapy (9–11).
The trials have slightly different definitions of “low-risk” DCIS
(12), yet all include criteria based on age at diagnosis and tumor
pathology.

Because the progression dynamics of low-risk DCIS are
expected to be slow, clinically actionable follow-up data from
these trials will be available in 10 years at the earliest. In the
meantime, it is important to summarize available evidence that
could provide insights into the risk of progression to invasive
disease. Despite the fact that observational data are subject to
selection biases, they can inform plausible ranges of absolute
risks, and they provide opportunity to estimate relative risks
with respect to patient and tumor features.

In this study we extracted data from the US National Cancer
Institute’s Surveillance, Epidemiology, and End Results (SEER)
program (13) to characterize outcomes of DCIS patients in the
absence of definitive surgery and radiation therapy. The aims of
this study were to quantify the risks of ipsilateral invasive
breast cancer, contralateral cancer, and competing death and to
identify patient and tumor characteristics associated with these
risks.

Methods

Data Extraction

The coding rules for SEER require that all contralateral breast
cancers (CBC) and all ipsilateral invasive breast cancers (iIBC)
occurring at least 60 days after diagnosis with DCIS be recorded
as multiple primaries (14). This enables ascertainment of the
time from index DCIS to subsequent breast cancers as well as
the laterality of these new breast events. The SEER 13 Registries
database (1992–2014) was queried for female breast cancer
patients age 18 years or older diagnosed with behavior code “in
situ” and ICD-O-3 histology codes associated with DCIS
(Figure 1). Only patients with unilateral DCIS and no reported re-
cord of definitive surgery or radiation therapy prior to the diag-
nosis of invasive cancer were included. Excluded were patients
with a first cancer diagnosis other than DCIS, those with un-
known laterality of the index lesion, and those with 0 months to
death or censoring. Due to difficulties in distinguishing between
cancers present at baseline and early new breast events,
patients with a second breast event (invasive or in situ) diag-
nosed within 2 months were excluded. Furthermore, because it
is unlikely for DCIS patients to die from breast cancer within
6 months we excluded patients with such a sequence of events.
Patient and tumor features (age, year of diagnosis, tumor grade,
estrogen receptor [ER] and progesterone receptor [PR] status, tu-
mor size) and individual patient histories were extracted with
the SEER*Stat software (15). Time from diagnosis to the first of
the following events was extracted: iIBC, CBC (includes invasive
and in situ cancers), death, or right-censoring (ie, loss to follow-
up and alive without any of the above events at last date of dis-
ease assessment). Institutional review board approval for this
study was obtained at Duke University.

Sensitivity Analysis

Previous studies have found that a fraction of DCIS patients in
SEER die from breast cancer without first experiencing an inva-
sive breast cancer diagnosis (16). Due to the nonlethal nature of

DCIS, this suggests the possibility of undiagnosed and/or unre-
corded invasive cancers in these patients. Because this may
lead to underestimation of the true rate of iIBC, we performed a
sensitivity analysis where we assumed that all DCIS patients
whose death was attributable to the DCIS diagnosis must have
experienced an ipsilateral breast cancer at some time between
the DCIS diagnosis and death. The corresponding risk estimates
were computed using interval-censored event times in the
Kaplan-Meier analyses. That is, rather than entering a precise
time to ipsilateral breast cancer for these patients, we provided
only an interval ranging from the time of diagnosis to the time
of breast cancer death.

Guideline-Concordant Care Patients

To evaluate generalizability of our findings with respect to the
overall DCIS patient population, we characterized guideline-
concordant care patients in SEER (1992–2014). Patient selection
was performed as outlined in “Data Extraction,” except that
only patients who had received surgery (and possibly radiation
therapy) were included. Patient and tumor characteristics were
recorded, and competing risk analyses were performed. Finally,
expected overall survival of the treatment and no-treatment
cohorts was estimated in a survival session in SEER*Stat using
the Kaplan-Meier estimator and the respective cohort’s distri-
bution of age at diagnosis (binned into 5-year intervals).

Previously Published Cohort Studies

To compare our findings against those from previously pub-
lished studies, we performed a literature search and a pooled
patient-level analysis of included studies; see Supplementary
Methods (available online) for details. In brief, the literature

n=55,151. SEER 13 registries (1992-2014); sex: 
female; age at diagnosis: ≥18 years; site: 
breast; behavior code: “in situ”; ICD-O-3 
codes: 8050, 8140, 8201, 8230, 8500, 8501, 
8503, 8504, 8507, 8543, 8200, 8246, 8343, 
8480, 8481, 8490, 8508, 8510, 8521, 8550, 
8211, 8260, 8401; sequence number: 00 or 01. 

No tumor mass, or Paget’s 
disease of nipple (n=143)
Index bilateral or unknown 
laterality (n=41)

Surgery received, or 
unknown surgery status 
(n=53,444)
Discordance between 
surgery code and reason 
for no surgery (n=11)
Received radia�on therapy 
(n=247)n=1,423. Pa�ents who did not 

receive defini�ve surgery or 
radia�on therapy

n=1,286. Pa�ents in final 
cohort

Time to censoring or death 
<1 month (n=92)
A new breast event in ≤ 2 
months (n=38)
Died from breast cancer in ≤ 
6 months (n=7)

Figure 1. US National Cancer Institute’s Surveillance, Epidemiology, and End

Results program (1992–2014): selection of ductal carcinoma in situ patients with-

out locoregional treatment.
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search yielded 5 cohorts of interest; two were excluded due to
very short follow-up (17,18), and a third was excluded because
its case-control design was not suitable for the purposes of ab-
solute risk estimation (19). Finally, two retrospective cohort
studies were included: cohort 1 from Italy (20) and cohort 2 from
the United States (21–24). Both cohorts were based on retrospec-
tive pathology reviews, which identified patients whose biop-
sies had been classified as benign on clinical diagnosis and
were subsequently upgraded to DCIS during a systematic review
of pathology archives. The majority of patients were diagnosed
before the introduction of widespread mammography screening
(ie, 1964–1978 for the Italian and 1950–1989 for the US cohort),
suggesting symptomatic presentation at time of diagnosis.
None of the patients in these cohorts had received definitive
surgery or radiation therapy after clinical diagnosis. Biopsy pro-
cedures were not specified; however, based on the dates of diag-
nosis, patients had likely undergone excisional biopsies.

Statistical Analyses

Net iIBC risks were estimated using the Kaplan-Meier estimator,
with CBC diagnoses and deaths right-censored. Differences in
iIBC risk by tumor grade (nonhigh: grade I/II, high: grade III), ER
status (positive, negative), tumor size (�1 cm, >1 cm), and age
group (younger: <55 years, older: �55 years) were evaluated using
log-rank tests. Hazard ratios (HRs) were calculated based on Cox
proportional hazard models; the models were adjusted for age at
diagnosis (continuous time), ER status (positive, negative, un-
known), tumor grade (nonhigh, high, unknown), and tumor size
(�1 cm, >1 cm, unknown). The models’ proportionality assump-
tions were assessed graphically with a log cumulative hazard plot
and using standard tests (25). The cumulative incidence of com-
peting events (iIBC, CBC, and death) were estimated in competing
risk analyses, and Gray’s test was used to compare incidence
within patient and tumor feature subgroups (26). An additional
subgroup analysis was performed for “low-risk” patients who
met three of the eligibility criteria of the prospective COMET ac-
tive surveillance trial (11): age 40 years or older at diagnosis, non-
high-grade lesions, and ER or PR positive status.

Risk estimates were reported so long as at least 10% of the origi-
nal patient cohort remained at risk. All P values were calculated as
two-sided, with statistical significance declared for P less than .05.
All statistical analyses were performed in R (version 3.4.2, R
Foundation for Statistical Computing, Vienna, Austria) using the
packages “survival” (version 2.41–3) and “cmprsk” (version 2.2–7).

Results

Cohort Characteristics

A total of 1286 patients diagnosed with DCIS without definitive
surgery or radiation therapy were included in the analyses
(Table 1). Median follow-up was 5.5 years (interquartile range
[IQR] ¼ 2.3–10.6 years). Most patients were white (n¼ 901, 70.1%)
and median age at diagnosis was 60 years (IQR ¼ 51–74 years).
Among the 791 (61.5%) patients with known tumor grade 69.2%
had a nonhigh-grade lesion, and among the 471 (36.6%) patients
with known ER status 86.4% were ER positive. In the entire co-
hort, 111 (8.6%) patients were diagnosed with an iIBC (64 local-
ized, 26 regional, 15 distant, 6 unstaged), 42 (3.3%) patients had
a contralateral breast diagnosis (33 invasive, 8 situ, 1 unstaged),
and 290 (22.6%) patients died before experiencing a new breast
cancer diagnosis.

Risk of iIBC

After 10 years, the overall net risk of iIBC was 12.1% (95% CI ¼
10.0% to 14.7%) (Figure 2A; Table 2). Among patients diag-
nosed with nonhigh-grade DCIS (n¼ 547), the 10-year risk of
iIBC was 12.2% (95% CI ¼ 8.6% to 17.1%) compared with 17.6%
(95% CI ¼ 12.1% to 25.2%) among patients diagnosed with
high-grade DCIS (n¼ 244) (Figure 2B; Table 2); the difference
was not statistically significant (log-rank test, P¼ .08).
Among patients of unknown tumor grade (n¼ 495) the 10-
year risk of iIBC was 10.1% (95% CI ¼ 7.4% to 13.8%)
(Supplementary Table 1, available online). Similarly, there
were no statistically significant differences in subsequent ip-
silateral invasive cancer risk by ER status, tumor size, and
age at diagnosis (Figure 2, C–E; Table 2). Based on Cox propor-
tional hazard models, we found that the risk of iIBC trended
higher in patients with the following characteristics: high-
grade vs nonhigh-grade lesions (HR ¼ 1.44, 95% CI ¼ 0.87 to
2.37), ER negative vs ER positive lesions (HR ¼ 1.40, 95% CI ¼
0.56 to 3.50), and more than 1 cm vs 1 cm or less lesions (HR ¼
1.62, 95% CI ¼ 0.84 to 3.10) (Table 2).

Competing Risks

Overall, the 10-year cumulative incidence rates of ipsilateral in-
vasive and CBC were 10.5% (95% CI ¼ 8.5% to 12.4%) and 3.9%

Table 1. Patient characteristics*

Characteristics
SEER (1992–2014) Pooled cohort studies

No. (%) No. (%)

Patients, n 1286 87
Median follow-up (IQR), y 5.5 (2.3–10.6) 17.0 (7.5–24.0)
Age, y

18–39 42 (3.3) 12 (13.8)
40–54 421 (32.7) 35 (40.2)
55–69 415 (32.3) 24 (27.6)
�70 408 (31.7) 16 (18.4)

Race
White 901 (70.1) —
Black 192 (14.9) —
Other/unknown 193 (15.0) —

Tumor grade
Nonhigh (I/II) 547 (42.3) 73 (83.9)
High (III/IV) 244 (19.0) 14 (16.1)
Unknown 495 (38.5) 0 (0)

Tumor size
�1 cm 266 (20.7) —
>1 cm 187 (14.5) —
Unknown 833 (64.8) —

ER status
Positive 407 (31.6) —
Negative 64 (5.0) —
Unknown 815 (63.4) —

PR status
Positive 321 (25.0) —
Negative 104 (8.1) —
Unknown 861 (66.9) —

Laterality
Left 663 (51.6) —
Right 623 (48.4) —

*ER ¼ estrogen receptor; IQR ¼ interquartile range; PR ¼ progesterone receptor;

SEER ¼ US National Cancer Institute’s Surveillance, Epidemiology, and End

Results program.
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(95% CI ¼ 2.6% to 5.2%), respectively (Figure 3A; Supplementary
Table 2, available online). The 10-year cumulative incidence of
death as a competing risk was 24.1% (95% CI ¼ 21.2% to 26.9%),
which was higher than the combined incidence of in situ and
invasive cancers (14.4%, 95% CI ¼ 12.0% to 16.8%), with similar
patterns observed in a subgroup analysis by tumor grade
(Supplementary Table 2, available online). With the exception of
the CBC rate, the magnitude of the competing risks depended
on age at diagnosis: compared with patients aged 55 years or
older, those younger than 55 years had a lower competing risk
of death (Gray’s test: P< .001; 8.0% [95% CI ¼ 5.0% to 11.1%) vs
32.8% [95% CI ¼ 28.9% to 36.7%] at 10 years) but a higher cumula-
tive incidence of iIBC (P¼ .03; 13.0% [95% CI ¼ 9.3% to 16.6%] vs
9.1% [95% CI ¼ 6.7% to 11.4%] at 10 years).

Low-Risk Subgroup

Low-risk DCIS was defined as those lesions that were nonhigh-
grade and ER or PR positive, diagnosed in women 40 years or
older. A total of 239 patients satisfied the criteria of the low-risk
subgroup. Limited follow-up precluded risk estimation beyond
7.5 years. The cumulative net risk of iIBC at 7.5 years after

diagnosis was 6.5% (95% CI ¼ 3.5% to 12.0%) (Figure 2F). In a
competing risk analysis (Figure 3B), the 7.5-year cumulative
incidences of iIBC, CBC, and death were 5.9% (95% CI ¼ 2.3% to
9.5%), 3.3% (95% CI ¼ 0.0% to 7.3%), and 28.2% (95% CI ¼ 19.1% to
37.1%), respectively.

Sensitivity Analysis

Assuming that patients whose death was attributable to breast
cancer must have developed ipsilateral invasive cancer at some
time between diagnosis with DCIS and death, we calculated
interval-censored Kaplan-Meier estimates of the iIBC rate
(Table 3; Supplementary Figure 1; Supplementary Table 3, avail-
able online). As expected, the resulting estimates were higher
compared with the main analyses (Table 2), with an absolute
risk increase of the order of 5% for most subgroups. However,
among patients with high-grade lesions, the increase was even
larger, from a 10-year iIBC rate of 17.6% (95% CI ¼ 12.1% to
25.2%) to a corresponding rate of 27.9% (95% CI ¼ 20.3% to
34.7%). In the low-risk subgroup, the 7.5-year iIBC rate increased
to 8.5% (95% CI ¼ 4.0% to 12.8%).

A B C

D E F

Figure 2. Net risk of ipsilateral invasive breast cancer (iIBC) in patients without locoregional treatment, based on US National Cancer Institute’s Surveillance,

Epidemiology, and End Results program (SEER) (1992–2014). The cumulative net risk of iIBC in the SEER no-treatment cohort is shown for all cases combined (A) and

stratified by tumor grade (B), estrogen receptor (ER) status (C), tumor size (D), and age at diagnosis (E). The net risk (up to 10 years only) of iIBC in “low-risk” patients

(40 years or older at diagnosis, nonhigh-grade, and ER and/or progesterone receptor-positive ductal carcinoma in situ) is shown in (F). The number of patients at risk is

shown beneath the figures. Subgroup comparisons (excluding unknowns) were performed using a log-rank test.
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Comparison with Guideline-Concordant Care Patients

A comparison between characteristics of DCIS patients who
did and did not receive guideline-concordant care revealed dif-
ferences with respect to age, race, and tumor grade, but not tu-
mor size and ER and PR status (Supplementary Table 4,
available online). Competing risk analyses (Figure 3C) revealed
a substantially lower 10-year cumulative all-cause mortality
among guideline concordant patients (12.1%, 95% CI ¼ 11.8% to
12.4%) compared with patients who did not receive locore-
gional treatment (24.1%, 95% CI ¼ 21.2% to 26.9%; Figure 3A,
P< .001). Among low-risk patients, the difference in all-cause
mortality was more pronounced (Figure 3, B and D) but subject
to increased residual uncertainty in the no-treatment cohort.
Finally, a comparison of expected and observed overall sur-
vival between the no-treatment and treatment cohorts
(Supplementary Figure 2, available online) indicated that the
difference in observed survival between the two cohorts
exceeded the difference in expected survival.

Pooled Cohort Studies

Of 125 cases extracted from the two included cohorts, 87
(70.0%) cases were included in the final analysis (Table 1).
Median age at diagnosis was 53 years (IQR ¼ 45–63), and me-
dian follow-up was 17.0 years (IQR ¼ 7.5–24.0). The 10-year net
risk of iIBC in the pooled retrospective cohorts was 18.7% (95%
CI ¼ 11.0% to 30.6%) in nonhigh-grade (n¼ 73) and 28.6% (95%
CI ¼ 11.8% to 59.4%) in high-grade (n¼ 14) patients (Figure 4;
Supplementary Table 5, available online). Both estimates were
higher than the corresponding estimates in our study
(Table 2); however, wide confidence intervals preclude defini-
tive conclusions. Importantly, due to the extended follow-up
in the retrospective cohorts, 20-year iIBC rates could be esti-
mated; they were 22.3% (95% CI ¼ 13.8% to 34.8%) and 38.8%
(95% CI ¼ 17.9% to 70.6%) in nonhigh-grade and high-grade
patients, respectively (Supplementary Table 5, available
online).

Discussion

The natural history of DCIS in patients who do not receive
locoregional therapy after biopsy remains poorly understood.
We sought to address this knowledge gap by analyzing the few
available data sources that might shed light on this critical
question. Given the potential for overtreatment among
women diagnosed with nonhigh-grade DCIS, the risk of subse-
quent ipsilateral breast cancer in this subgroup is of particular
interest.

How the absolute risk estimates of iIBC for patients without
definitive surgery and radiation therapy for DCIS compare
against the iIBC risk for patients treated by breast-conserving
surgery directly affects the question of whether active surveil-
lance is a viable management strategy for newly detected DCIS
(27). The ECOG-ACRIN E5194 study reported a 10-year net risk
of iIBC of 6.4% (95% CI ¼ 4.2% to 8.6%) for patients with
nonhigh-grade DCIS treated by lumpectomy without radiation
(28). However, this estimate does not account for the 6%–10%
(no CI given) of patients who are upstaged to an invasive can-
cer diagnosis after surgical excision of the lesion (12).
Combining these risks, the upstaging-adjusted 10-year risk of
ipsilateral cancer is expected to be on the order of 12%–16%.
This is comparable to our estimate of the risk of iIBC in theT
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Figure 3. Competing risks in ductal carcinoma in situ (DCIS) patients, based on US National Cancer Institute’s Surveillance, Epidemiology, and End Results program

(SEER) (1992–2014). The cumulative incidence of competing events (ipsilateral invasive breast cancer, any contralateral breast cancer, and competing death) in the

study cohort is shown for all cases combined (A) and for “low-risk” patients (40 years or older at diagnosis, nonhigh-grade, and estrogen receptor and/or progesterone

receptor-positive DCIS) (B). Similarly, the cumulative incidence of competing events among SEER who underwent guideline-concordant care is shown for all cases com-

bined (C) and for “low-risk” patients (D). Please note the difference in follow-up shown: 20 years in A and C, and 10 years in B and D.

Table 3. iIBC rate in DCIS patients without locoregional treatment, based on SEER (1992–2014): sensitivity analysis using cause of death
information*

Time since
diagnosis, years

Net risk of iIBC, % (95% CI)

All
(n¼ 1286)

Tumor grade ER status Tumor size Age at diagnosis

Nonhigh
(n¼ 547)

High
(n¼ 244)

Positive
(n¼ 407)

Negative
(n¼ 64)

�1cm
(n¼ 266)

>1cm
(n¼ 187)

<55 y
(n¼ 463)

�55 y
(n¼ 823)

5 11.6 9.1 19.0 9.6 18.3 8.0 16.3 13.0 10.7
(9.6 to 13.5) (6.1 to 11.9) (13.3 to 24.4) (6.1 to 13.0) (6.5 to 28.6) (4.3 to 11.5) (9.6 to 22.6) (9.5 to 16.3) (8.3 to 13.1)

1 17.2 14.9 27.9 NA NA 14.5 20.1 18.8 16.2
(14.5 to 19.7) (10.4 to 19.2) (20.3 to 34.7) (8.8 to 19.9) (11.9 to 27.6) (14.4 to 23.0) (12.8 to 19.5)

15 19.1 NA NA NA NA 16.0 NA 20.5 NA
(16.0 to 22.1) (9.6 to 22.0) (15.5 to 25.1)

*For risk estimates in patients with unknown tumor features, see Supplementary Table 3 (available online). CI ¼ confidence interval; DCIS ¼ ductal carcinoma in situ;

ER ¼ estrogen receptor; iIBC ¼ ipsilateral invasive breast cancer; NA ¼ estimates not reported when less than 10% of initial patients remain at risk; SEER ¼ US National

Cancer Institute’s Surveillance, Epidemiology, and End Results program.
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absence of definitive surgery and radiation therapy, which was
12.2% (95% CI ¼ 8.6% to 17.1%) in the main analysis and 14.9%
(95% CI ¼ 10.4% to 19.2%) in a sensitivity analysis. Although our
estimates are close to those in the ECOG-ACRIN cohort after ad-
justment for upstaging, the two study populations are not di-
rectly comparable. Elevated mortality in the SEER no-treatment
cohort likely reflects higher prevalence of comorbidities, which
may have influenced clinical recommendations and patient
treatment preferences; these selection factors may also have
influenced the underlying risk and ascertainment of subse-
quent invasive disease.

The absolute level of invasive breast cancer risk that is ac-
ceptable in clinical practice is not a fixed rate and depends on
each patient’s personal risk tolerance and their competing risks
(29,30). In the SEER no-treatment cohort, the 10-year risk of dy-
ing was greater than the combined 10-year risk of experiencing
an ipsilateral or contralateral event. This finding emphasizes
the importance of contrasting the risk of invasive disease
against competing risks, especially among older patients and
for patients with substantial comorbidities.

It is unclear how SEER patients who did not receive definitive
locoregional treatment compare to their guideline-concordant
counterparts. In addition to differences in age, race, and tumor
grade distributions, an elevated all-cause mortality rate among
patients without locoregional treatment compared with those
who received it suggests that no-treatment patients may have
had additional comorbidities leading to excess cumulative mor-
tality. Indeed, comparing expected and observed overall sur-
vival between the two cohorts, we found that survival was
higher than expected in the treatment cohort and lower than
expected in the no-treatment cohort. At 10 years after diagnosis,
about half of the absolute difference in observed survival be-
tween the two cohorts was attributable to the differential age

distributions (as witnessed by the difference in expected sur-
vival), with the remainder likely due to factors such as co-
morbidity levels and differential screening and surveillance
patterns. Importantly, due to the above measured and im-
plied cohort differences and a lack of knowledge about the
specific comorbidities present in the no-treatment cohort, it
is not possible to make causal inferences about counterfac-
tual no-treatment outcomes in the general DCIS patient
population.

The estimated rates of iIBC in the SEER no-treatment cohort
were lower than those from the pooled analysis of previously
published studies. This discrepancy may be due to a number of
factors. First, the retrospective cohorts predated the introduc-
tion of widespread mammography screening, whereas the ma-
jority of SEER cases are expected to have been screen-detected.
Because screen detection brings the diagnosis forward in time,
the expected time from diagnosis to ipsilateral invasive cancer
is longer, which could explain the lower risk of ipsilateral cancer
in our study compared with the retrospective cohorts. Second,
although patients in the retrospective cohorts are unlikely to
have received endocrine therapy, an (albeit unknown) fraction
of SEER patients may have received endocrine therapy. Due to
the expected benefit of endocrine therapy (31), these differences
may also have contributed to the lower breast cancer risks in
the SEER no-treatment cohort.

Our study is subject to a number of limitations. First, SEER
contains limited information about the biopsy type used. Due to
differential upstaging rates by biopsy technique (12,32), our esti-
mates may not accurately reflect the risk of contemporary
cohorts. Second, because endocrine therapy uptake has not
been measured, our findings may overestimate the risk of iIBC
in patients who are eligible for and choose to undergo endocrine
therapy. Third, SEER does not capture new cancer events that

A B C

Figure 4. Net risk of ipsilateral invasive breast cancer (iIBC) based on retrospective cohort studies of ductal carcinoma in situ patients without locoregional treatment.

The cumulative net risk of iIBC in the pooled retrospective cohort studies is shown for all cases combined (A) and stratified by tumor grade (B) and age at diagnosis (C).

The number of patients at risk is shown beneath the figures. Subgroup comparisons were performed using a log-rank test.
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occur outside the registry where the index lesion was
recorded. Therefore, invasive ipsilateral disease in patients di-
agnosed and treated outside the initial registry may have been
missed due to incomplete ascertainment, potentially leading
to underestimation of the risk of new breast events. This issue
was partially addressed through sensitivity analyses that in-
corporated cause of death information to estimate adjusted
iIBC risks. Furthermore, a comparison between the estimated
10-year Kaplan-Meier risk of contralateral cancer in the SEER
no-treatment cohort (5.1%, 95% CI ¼ 3.6% to 7.2%) against the
corresponding risks in the NSABP-24 trial (33) of patients un-
dergoing either lumpectomy and radiation alone (6.9%, 95% CI
¼ 5.1% to 8.7%) or in conjunction with endocrine therapy
(4.7%, 95% CI ¼ 3.0 to 6.7%) suggests that this bias may be lim-
ited in magnitude.

In summary, although the risk estimates differed substan-
tially between sources and were subject to wide confidence
intervals, our findings summarize the highest quality data cur-
rently available about the course of DCIS in the absence of defin-
itive surgery and radiation therapy. In particular, our results
indicate a limited propensity for invasive progression in contem-
porary patients aged 40 years and older who are diagnosed with
nonhigh-grade, ER positive DCIS and thus a potential for over-
treatment in these patients. Although an elevated rate of all-
cause mortality in this cohort precludes generalizations to the
general DCIS patient population, it suggests that a more conser-
vative approach such as active surveillance may be of value for
older patients and patients with elevated comorbidities.
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