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IMPORTANCE Women with ductal carcinoma in situ (DCIS), or stage O breast cancer, often
experience a second primary breast cancer (DCIS or invasive), and some ultimately die of
breast cancer.

OBJECTIVE To estimate the 10- and 20-year mortality from breast cancer following a
diagnosis of DCIS and to establish whether the mortality rate is influenced by age at
diagnosis, ethnicity, and initial treatment received.

DESIGN, SETTING, AND PARTICIPANTS Observational study of women who received a
diagnosis of DCIS from 1988 to 2011 in the Surveillance, Epidemiology, and End Results
(SEER) 18 registries database. Age at diagnosis, race/ethnicity, pathologic features, date of
second primary breast cancer, cause of death, and survival were abstracted for 108 196
women. Their risk of dying of breast cancer was compared with that of women in the general
population. Cox proportional hazards analysis was performed to estimate the hazard ratio
(HR) for death from DCIS by age at diagnosis, clinical features, ethnicity, and treatment.

MAIN OUTCOMES AND MEASURES Ten- and 20-year breast cancer-specific mortality.

RESULTS Among the 108 196 women with DCIS, the mean (range) age at diagnosis of DCIS
was 53.8 (15-69) years and the mean (range) duration of follow-up was 7.5 (0-23.9) years. At
20 years, the breast cancer-specific mortality was 3.3% (95% Cl, 3.0%-3.6%) overall and was
higher for women who received a diagnosis before age 35 years compared with older women
(7.8% vs 3.2%; HR, 2.58 [95% Cl, 1.85-3.60]; P < .001) and for blacks compared with
non-Hispanic whites (7.0% vs 3.0%; HR, 2.55 [95% Cl, 2.17-3.01]; P < .001). The risk of dying
of breast cancer increased after experience of an ipsilateral invasive breast cancer (HR, 18.1
[95% Cl, 14.0-23.6]; P < .001). A total of 517 patients died of breast cancer following a DCIS
diagnosis (mean follow-up, 7.5 [range, 0-23.9] years) without experiencing an in-breast
invasive cancer prior to death. Among patients who received lumpectomy, radiotherapy was
associated with a reduction in the risk of ipsilateral invasive recurrence at 10 years (2.5% vs
4.9%; adjusted HR, 0.47 [95% Cl, 0.42-0.53]; P < .001) but not of breast cancer-specific
mortality at 10 years (0.8% vs 0.9%; HR, 0.86 [95% Cl, 0.67-1.10]; P = .22).

CONCLUSIONS AND RELEVANCE Important risk factors for death from breast cancer following
a DCIS diagnosis include age at diagnosis and black ethnicity. The risk of death increases after
a diagnosis of an ipsilateral second primary invasive breast cancer, but prevention of these
recurrences by radiotherapy does not diminish breast cancer mortality at 10 years.
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Breast Cancer Mortality After Ductal Carcinoma In Situ

uctal carcinoma in situ (DCIS, or stage O breast can-
cer) accounts for approximately 20% of mammo-
graphically detected breast cancers.! Five percent of
cases are diagnosed in women before age 40 years.? Some
women with DCIS experience a second in-breast cancer event
(DCIS or invasive), and a small proportion of patients with DCIS
ultimately die of breast cancer.? It is not clear what factors pre-
dict mortality after a diagnosis of DCIS. In particular, the im-
pact of patient characteristics, such as age at diagnosis and eth-
nic group, on breast cancer mortality has not been studied.
Women who have an ipsilateral invasive breast cancer re-
currence experience a greatly increased risk of death from
breast cancer from that time on.**> Many patients who die of
breast cancer after a diagnosis of DCIS experience an in-
breast invasive recurrence prior to death, but some women die
of breast cancer without first receiving a diagnosis of local in-
vasive disease.>” It is unclear to what extent mortality from
breast cancer after DCIS is the direct consequence of an inva-
sive recurrence or whether fatal cases of DCIS have high ma-
lignant potential from the outset. In particular, it has not been
shown that preventing invasive recurrences by means of ra-
diotherapy or extensive breast surgery (mastectomy) re-
duces the risk of breast cancer-specific mortality.

Methods

Data Source

We abstracted data from the most recent Surveillance, Epide-
miology, and End Results (SEER) 18 registries research data-
base (November 2013 Submission). The SEER18 database
contains data from the SEER9 registries (Atlanta, Connecti-
cut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-
Oakland, Seattle-Puget Sound, and Utah), the SEERI13 regis-
tries (SEER 9 plus Los Angeles, San Jose-Monterey, rural
Georgia, and the Alaska Native Tumor Registry), and the reg-
istries of greater California, Kentucky, Louisiana, New Jersey,
and greater Georgia. In total, the SEER18 database covers
approximately 28% of the US population (based on the 2010
Census). The research protocol was approved by the research
ethics board of the Women’s College Hospital, University of
Toronto, Toronto, Ontario, Canada. Because patients cannot
be identified, the research ethics board of the Women’s Col-
lege Hospital exempted this study from review.

Cohort Selection

We used SEER*Stat, version 8.1.5, to generate a case listing. We
extracted cases of first primary female breast cancer (stage 0)
diagnosed from 1988 to 2011. We selected women who had a
diagnosis of histologically confirmed stage O breast cancer be-
fore age 70 years. We generated a case listing with informa-
tion on the following variables: year and month of diagnosis,
age at diagnosis, race/ethnicity, and median household in-
come per year. The median household income was estimated
from the Census 2007-2011 American Community Survey,
based on the county of residence.® The technical documen-
tation for the 2007-2011 American Community Survey files is
available from the Census Bureau at http://www2.census.gov
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At aGlance

* The purpose of this study was to estimate the mortality from
breast cancer following a diagnosis of ductal carcinoma in situ
(DCIS) and to identify risk factors for death from breast cancer.

* The 20-year breast cancer-specific mortality rate following a
diagnosis of DCIS was 3.3%.

« Young age at diagnosis and black ethnicity were significant
predictors of breast cancer mortality.

* Prevention of invasive in-breast recurrence with either
radiotherapy or mastectomy did not prevent death from breast
cancer.

* The clinical course of women with DCIS is similar to that of
women with small invasive breast cancers.

/acs2011_5yr/summaryfile/ACS_2007-2011_SF_Tech_Doc.pdf.
We classified median annual household income into 4 catego-
ries: (1) no more than $53 900, (2) $53 901 to $60 810, (3)
$60 811 to $71 519, and (4) $71 520 or more. We recorded eth-
nicity as non-Hispanic white, Hispanic white, black, Asian, and
other, according to a method described in our previous
publication.®

We extracted data on treatment of the index cases, includ-
ing radiotherapy (yes, no, or unknown) and surgery (lumpec-
tomy, unilateral mastectomy, bilateral mastectomy, none, or
unknown). Information on hormonal therapy or chemo-
therapy was not provided.

Second primary cancers are recorded in the SEER data-
base. For patients with DCIS, a second breast cancer is re-
corded as a new primary breast cancer (stage 0-IV). We re-
corded the date of second breast cancer, the stage of second
breast cancer (American Joint Committee on Cancer pathologi-
cal stage), and the laterality (ipsilateral or contralateral to the
index case).

We identified 163 387 women with first primary stage O
breast cancer, diagnosed from 1988 to 2011 (eTable 1 in the
Supplement). We excluded cases in women who received a
diagnosis at or after age 70 years (31 456 cases [19.3%]). We
excluded 15 970 women with lobular carcinoma in situ. We
excluded 3439 other women with the following histologic
subtypes: 8070/2, 8140/3, 8200/2, 8211/2, 8240/2, 8246/2,
8255/2, 8310/2, 8401/2, 8453/2, 8480/2, 8481/2, 8500/2,
8502/2, 8510/2, 8540/2, 8540/3, 8541/2, 8541/3, 8542/2,
8543/2, 8543/3, 8550/2, 8571/2, and 8573/2 because these are
nonepithelial cancers or are nonspecific categories. We ex-
cluded 1470 women with DCIS with microinvasion because
these are often classified as invasive breast cancers. We ex-
cluded 7 women with Paget disease and 174 women with dif-
fuse DCIS. We excluded 2582 women who experienced a sec-
ond primary cancer within 6 months of the DCIS diagnosis
because of the difficulty of distinguishing early cancers from
cancers present at baseline. We excluded 13 women who died
of breast cancer within the first 6 months of the DCIS diagno-
sis because this is uncharacteristic of DCIS and we question the
accuracy of the diagnosis. We excluded 80 women who were
missing details on key variables. This leaves 108 196 patients
eligible for the study.
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Vital Status

We used the “cause of death (COD) to site recode” variable in
SEERI18 to extract the status of patients at the time of last fol-
low-up. On the basis of this information, we grouped all pa-
tients into 3 categories: (1) alive, (2) dead due to breast can-
cer, and (3) dead due to other causes. We used the variable
“survival time months” to extract information on the time from
the date of diagnosis to the date of last follow-up. The SEER*stat
program estimates survival time in months by subtracting the
date of diagnosis from the date of last contact (the study cut-
off). The study cutoff date was December 31, 2011.

Statistical Analyses

Descriptive Statistics

Descriptive statistics were performed to examine the base-
line characteristics of the 108 196 women with stage O breast
cancer.

Cumulative Incidence

We defined breast cancer-specific survival as the time from di-
agnosis of stage O breast cancer to death from breast cancer.
We used the Kaplan-Meier method to calculate 20-year breast
cancer-specific survival for stage O breast cancers, according
to year of diagnosis, age at diagnosis, and ethnicity.

Standardized Mortality Ratio

We compared the risk of dying of breast cancer for women in
the cohort of patients with DCIS to that of all women in the US
population. Age-specific population-based mortality rates were
derived from the SEER database. We divided the cohort of
108 196 patients with stage O breast cancer into 8 subgroups
based on age at diagnosis (5-year intervals). For each patient
we identified the age at diagnosis and the duration of follow-
up. We assigned the years of follow-up for that patient to the
appropriate age bins (eg, 30-34, 35-39, 40-44 years). We cal-
culated the expected number of cancer deaths by multiply-
ing the summed person-years for a given age bin by the age-
specific mortality rate for that age group derived from the SEER
data. We then divided the total number of deaths observed by
the total number of deaths expected for all bins combined to
calculate the standardized mortality ratio (SMR). An SMR was
created for each age group, from 30 to 34 until 65 to 69 years.

Hazard Ratio of Death and Survival of Stage O Breast Cancer
We defined breast cancer-specific survival as the time from di-
agnosis of stage O breast cancer to death from breast cancer.
We performed univariable (unadjusted) and multivariable (ad-
justed) analyses. We used the Kaplan-Meier method to calcu-
late 20-year breast cancer-specific survival for stage O breast
cancers, according to year of diagnosis, age at diagnosis, and
ethnicity. We divided second primary breast cancers into stage
0 (noninvasive) and stage I to IV (invasive).

We performed a Cox proportional hazards regression analy-
sis to examine the influences of year of diagnosis, age at diag-
nosis, ethnicity, income, estrogen receptor (ER) status, tu-
mor size, histologic subtype, and grade on the hazard ratio (HR)
of death in patients with stage O breast cancer. We conducted
sensitivity analyses to evaluate the impact of including or ex-
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cluding women with DCIS with microinvasion and those who
had abreast cancer recurrence or death within 6 months of the
DCIS diagnosis.

We estimated the impact of experiencing a second pri-
mary breast cancer (invasive or DCIS, ipsilateral or contralat-
eral) on 20-year mortality from breast cancer (HR). In this analy-
sis, second primary breast cancer was considered as a time-
dependent covariate in the Cox proportional hazards regression
analyses. In 4 separate subanalyses, second primary cancers
were divided into ipsilateral invasive, ipsilateral noninva-
sive, contralateral invasive, and contralateral noninvasive.

We performed a Cox proportional hazards regression analy-
sis to examine the influence of treatment on the HR for death
in patients with stage O breast cancer. Radiotherapy was coded
as ever or never. Surgery was coded as lumpectomy or unilat-
eral mastectomy. Information on type of surgery has been re-
corded in SEER from 1998 onward, and survival was esti-
mated at 10 years. Women who had a bilateral mastectomy,
who did not receive surgery, or for whom the use of radio-
therapy or type of surgery was not recorded were excluded
from this analysis. To estimate the impact of radiotherapy on
mortality from breast cancer, we included only those pa-
tients who were treated with breast-conserving surgery. All sta-
tistical analyses were performed using Statistical Analysis Soft-
ware, version 9.4 (SAS Institute Inc). P < .05 (2 sided) was taken
for statistical significance.

. |
Results

A total of 108 196 women with DCIS qualified for the study
(eTable 2 in the Supplement). The mean (range) age at diag-
nosis of DCIS was 53.8 (15-69) years, and the mean (range) du-
ration of follow-up was 7.5 (0-23.9) years. For the entire co-
hort, at 20 years the breast cancer-specific mortality was 3.3%
(95% CI, 3.0%-3.6%). The risk of death from breast cancer
among all women who received a diagnosis of DCIS was 1.8
times greater than that of the US population (SMR, 1.8 [95%
CI, 1.7-1.9]). The SMR decreased with increasing age at diag-
nosis, from 17.0 for women with DCIS before age 35 years to
1.4 for women older than 65 years (Table 1).

In a multivariable analysis, age at diagnosis and ethnicity
were significant predictors of breast cancer mortality (Table 2).
Women who received a diagnosis before age 35 years had a
higher risk of death from breast cancer at 20 years than older
women (7.8% vs 3.2%; HR, 2.58 [95% CI, 1.85-3.60]; P < .001).
The 20-year breast cancer-specific survival curves by age at
diagnosis are shown in eFigure 1 in the Supplement. Black
women had a higher risk of death from stage O breast cancer
than white, non-Hispanic women (7.0% vs 3.0%; adjusted HR,
2.42[95% CI, 2.05-2.87]; P < .001) (Table 2). This was also true
for black women compared with women from other ethnic
groups (Figure 1) and for black women treated with each mo-
dality (eFigures 2-4 in the Supplement). The increased risk of
death from stage O breast cancer in black vs white women was
similar in models that did and did not adjust for income. Other
factors that predicted breast cancer mortality included tu-
mor size (eFigure 5 in the Supplement), grade (eFigure 6 in the
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Table 1. Standardized Mortality Ratios (SMRs) of Breast Cancer Following a Diagnosis of Ductal Carcinoma In Situ, by Age at Diagnosis

Age at Follow-up, D o,

Diagnosis, y Person-years Mean (SD), y Observed Expected SMR (95% Cl)
30-34 8830.1 9.0 (6.2) 22 13 17.0 (10.9-25.3)
35-39 35503.3 8.9 (6.0) 62 8.5 7.3 (5.6-9.3)
40-44 103719.2 8.0 (5.7) 112 35.7 3.1(2.6-3.8)
45-49 142 083.6 7.7 (5.5) 144 67.4 2.1(1.8-2.5)
50-54 149541.9 7.5 (5.4) 157 91.7 1.7 (1.4-2.0)
55-59 138475.9 7.3(5.2) 145 103.9 1.4 (1.2-1.6)
60-64 120619.5 7.1(5.3) 138 107.3 1.3 (1.1-1.5)
65-69 113118.3 7.3 (5.3) 162 118.0 1.4 (1.2-1.6)
All 811891.8 7.5 (5.4) 942 533.8 1.8 (1.7-1.9)

Supplement), ER status (Figure 2), and comedonecrosis
(Table 2). The results of the multivariable analysis did not
change substantially when we included patients with micro-
invasion (model 2, eTable 3 in the Supplement) or patients with
abreast cancer death or recurrence within 6 months of the DCIS
diagnosis (model 3, eTable 3 in the Supplement), indicating that
our results are not sensitive to these assumptions.

Among all patients, the risk of ipsilateral invasive recur-
rence at 20 years was 5.9% and the risk of contralateral inva-
sive recurrence was 6.2%. The (mean) annual rate of contra-
lateral invasive cancer was 0.31%. The second primary breast
cancers are described in eTable 4 in the Supplement. We es-
timate the risk of ipsilateral invasive in-breast recurrence at
20 years to be 9.5% for patients with DCIS who had breast-
conserving surgery without radiotherapy and 4.5% for those
who had breast-conserving surgery and radiotherapy. The risk
of dying from breast cancer increased after an ipsilateral in-
vasive recurrence (HR, 18.1[95% CI, 14.0-23.6]; P < .001) or a
contralateral invasive recurrence (HR, 13.8 [95% CI, 11.5-
16.6]; P < .001) but not after a DCIS recurrence (ipsilateral or
contralateral) (eTable 5 in the Supplement).

Among the 42 250 women who were treated with lumpec-
tomy and radiotherapy, 547 women developed an ipsilateral
invasive recurrence in the follow-up period (1.3%) and 163
women (0.4%) died of breast cancer. Among the 19 762 women
who were treated with lumpectomy without radiotherapy, 595
women developed an ipsilateral invasive recurrence (3.0%) and
102 women (0.5%) died of breast cancer. Among the 25 527
women treated with a mastectomy (unilateral or bilateral), 200
women experienced an ipsilateral invasive recurrence (0.8%)
and 154 (0.6%) women died of breast cancer. Characteristics
of patient groups according to treatment received are pre-
sented in eTable 6 in the Supplement.

Of the 956 women who died of breast cancer in the fol-
low-up period, 395 (41.3%) experienced an in-breast invasive
recurrence prior to death (210 ipsilateral, 165 contralateral, and
20 laterality unknown) and 517 (54.1%) did not experience an
in-breast invasive recurrence prior to death. Among the 163
women who were treated with lumpectomy and radio-
therapy and then died of breast cancer, 94 did not experience
anin-breastinvasive recurrence prior to death (57.7%). Among
the 102 women treated with lumpectomy without radio-
therapy who died of breast cancer, 51 did not experience an
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in-breast invasive recurrence prior to death (50.0%). Among
the 154 women treated with a mastectomy (unilateral or bi-
lateral) who died of breast cancer, 112 did not experience an
in-breast invasive recurrence prior to death (72.7%).

After breast-conserving surgery, radiotherapy was asso-
ciated with a significant reduction in the risk of ipsilateral in-
vasive recurrence at 10 years (2.5% vs 4.9%; adjusted HR, 0.47
[95% CI, 0.42-0.53]; P < .001) and a nonsignificant reduction
in breast cancer-specific mortality at 10 years (0.8% vs 0.9%;
adjusted HR, 0.81 [95% CI, 0.63-1.04]; P = .10) (Table 3 and
eFigure 7 in the Supplement). The risk of ipsilateral invasive
recurrence at 10 years was lower for patients treated with
unilateral mastectomy than for patients treated with lumpec-
tomy (1.3% vs 3.3%; adjusted HR, 0.81 [95% CI, 0.73-0.901;
P < .001). Breast cancer mortality at 10 years was higher for
women who underwent unilateral mastectomy than for
women who underwent lumpectomy (1.3% vs 0.8%; unad-
justed HR, 1.45 [95% CI, 1.18-1.79]; P < .001) (eFigure 8 in the
Supplement), but after adjusting for age at diagnosis, year of
diagnosis, income, ER status, tumor size, grade, and ethnic
group, the difference was not significant (HR, 1.20 [95% CI,
0.96-1.50]; P = .11) (Table 3).

|
Discussion

We estimate the 10-year breast cancer-specific mortality rate
after a diagnosis of DCIS to be 1.1% and the rate at 20 years to
be 3.3%. Compared with women in the US general popula-
tion, the risk of dying of breast cancer for a woman who had
received a diagnosis of DCIS was increased by 1.8 times. The
excess risk was notable for women who received a diagnosis
before age 35 years; only 1.2% of the women in this study
received a diagnosis before 35 years, but for them, mortality
was approximately 17 times greater than expected in the 9
years following diagnosis. The mortality rate reported here is
lower than rates reported in the past.>”!° In the 20-year
follow-up report of the Sweden DCIS randomized trial (1046
women who received a diagnosis of DCIS between 1987 and
1999), the breast cancer-specific mortality rate was 1.8% at 10
years and was 3.9% at 20 years.!° In a previous study of DCIS
cases from the SEER program, the 10-year breast cancer mor-
tality rate was 3.4% for women who received a diagnosis

JAMA Oncology October 2015 Volume 1, Number 7

Copyright 2015 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/08/2022

891


http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2015.2510&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2015.2510

Research Original Investigation

Breast Cancer Mortality After Ductal Carcinoma In Situ

Table 2. Breast Cancer-Specific Mortality and Hazard Ratios (HRs) for Breast Cancer Mortality After Ductal Carcinoma In Situ

20-Year Mortality Univariate HR Multivariate HR?
Parameter Patients, No. (95% Cl), % (95% Cl) P Value (95% Cl) P Value
All patients 108196 3.3(3.0-3.6) N/A N/A N/A N/A
Age at diagnosis, y
<35 1279 7.8 (4.5-11.1) 2.26 (1.60-3.20) <.001 1.88 (1.32-2.66) <.001
35-39 3974 4.5(3.3-5.6) 1.24 (0.94-1.63) .13 1.15 (0.87-1.51) .33
40-49 31438 2.9(2.4-3.3) 0.78 (0.66-0.93) <.001 0.77 (0.65-0.91) <.001
50-59 38993 3.0 (2.5-3.4) 0.81 (0.69-0.95) 01 0.81 (0.69-0.95) 01
60-69 32512 3.7 (3.1-4.3) 1 [Reference] 1 [Reference]
Year of diagnosis
1988-1989 1961 3.4 (2.5-4.2) 1 [Reference] 1 [Reference]
1990-1999 21161 3.5(3.1-3.8) 1.01 (0.77-1.33) .92 0.98 (0.74-1.29) .87
2000-2011 85074 N/A 0.88 (0.66-1.18) .40 0.84 (0.61-1.14) .25
Ethnic group
White, non-Hispanic 76188 3.0 (2.6-3.3) 1 [Reference] 1 [Reference]
White, Hispanic 8840 32(2.2-42) 1.09 (0.84-1.43) .52 1.06 (0.81-1.39) .67
Black 10943 7.0 (5.3-8.7) 2.55(2.17-3.01) <.001 2.42 (2.05-2.87) <.001
Asian 10037 2.8 (1.8-3.8) 0.85 (0.65-1.10) 21 0.85 (0.65-1.11) .24
Other 2188 4.1(1.2-7.1) 1.48 (0.97-2.27) .07 1.48 (0.96-2.26) .07
Annual household income, $
Q1 (£53900) 27576 3.3(2.7-3.9) 1 [Reference] 1 [Reference]
Q2 (53901-60810) 26571 4.1 (3.4-4.8) 1.01 (0.85-1.21) .88 1.07 (0.89-1.28) 47
Q3 (60811-71519) 26879 2.8(2.4-3.3) 0.83 (0.70-1.00) .04 0.94 (0.78-1.12) .48
Q4 (271520) 27170 3.3(2.7-3.8) 0.86 (0.72-1.03) .10 0.97 (0.18-1.17) 77
Estrogen receptor status
Negative 8908 3.8 (2.5-5.1) 1 [Reference] 1 [Reference]
Positive 46002 4.0 (3.1-4.9) 0.53 (0.41-0.69) <.001 0.61 (0.46-0.80) <.001
Unknown 53286 3.2(2.9-3.5) 0.58 (0.46-0.73) <.001 0.64 (0.51-0.81) <.001
Grade
Well differentiated 10841 3.7 (1.5-5.9) 1 [Reference] 1 [Reference]
Moderately differentiated 32395 4.2 (2.0-6.4) 1.23 (0.89-1.70) 21 1.22 (0.88-1.69) .23
Poorly differentiated 36765 2.5 (1.6-3.5) 1.88 (1.38-2.55) <.001 1.73 (1.27-2.36) <.001
Unknown 28195 3.4 (3.1-3.8) 1.73 (1.28-2.33) <.001 1.57 (1.16-2.13) <.001
Size, cm
<1.0 36565 2.6 (2.1-3.0) 1 [Reference] 1 [Reference]
1.0-1.9 19778 3.3(2.4-4.2) 1.34 (1.09-1.64) <.001 1.28 (1.05-1.57) .02
2.0-4.9 14530 3.8 (2.6-5.0) 1.74 (1.41-2.16) <.001 1.58 (1.27-1.96) <.001
25.0 4243 2.9(1.7-4.1) 2.12 (1.52-2.95) <.001 1.82 (1.30-2.54) <.001
Unknown 33080 4.0 (3.4-4.5) 1.66 (1.42-1.94) <.001 1.56 (1.33-1.83) <.001
Histologic subtype
Intraductal, solid type 53361 3.2 (2.8-3.6) 1 [Reference] 1 [Reference]
Comedonecrosis 14211 3.7 (3.1-4.4) 1.34 (1.15-1.57) <.001 1.20 (1.02-1.42) .02
Papillary 5940 3.8 (2.4-5.1) 1.02 (0.78-1.33) .89 1.00 (0.77-1.31) .98
Cribriform 8163 4.0 (0.5-7.6) 0.62 (0.43-0.90) 01 0.75 (0.52-1.10) 14
Othe_:(_dléctal, not otherwise 26521 3.5(2.3-4.7) 0.91 (0.74-1.11) 33 0.92 (0.75-1.13) .40
specifie

Abbreviations: NA, not applicable; Q, quartile.

2 Adjusted for year of diagnosis, age at diagnosis, ethnicity, income, estrogen receptor status, tumor size, and grade.

from 1978 to 1983 and 1.9% for women who received a diag-
nosis from 1984 to 1989.2 In our updated analysis, the 10-year
mortality rate continues to decline; for women who received
a diagnosis from 1988 to 2011, it was 1.1%. The reason for the
decline may be better distinction between DCIS and invasive

892 JAMA Oncology October 2015 Volume 1, Number 7

cancer, but overdiagnosis is likely, given that the incidence of
DCIS has increased dramatically over the same period.™ It is
unlikely that the decline in mortality is due to more effective
treatments because we show here that mortality rates did not
vary with specific treatment.
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Figure 1. Twenty-Year Breast Cancer-Specific Survival After Ductal Carcinoma In Situ (DCIS) by Race/Ethnicity
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Figure 2. Twenty-Year Breast Cancer-Specific Survival After Ductal Carcinoma In Situ (DCIS)

by Estrogen Receptor (ER) Status
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Death occurred by 20 years after a
diagnosis of DCIS for 623 of 76 188
whites, 59 of 8839 Hispanic whites,
185 of 10 943 blacks, and 61 of

10 036 Asians.

Death occurred by 20 years after a
diagnosis of DCIS for 82 of 8908
patients with ER-negative disease
and 157 of 46 002 patients with
ER-positive disease.

In an adjusted analysis, DCIS before age 35 years was associ-
ated with an HR for mortality of 2.16 (95% CI, 1.54-3.02;

jamaoncology.com

P < .001) compared with all women who received a diagnosis
atan older age. A relatively high mortality rate for stage O breast
cancer was also seen for black women. The unadjusted HR for
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Table 3. Breast Cancer-Specific Mortality and Hazard Ratios (HRs) for Breast Cancer Mortality After Ductal Carcinoma In Situ, by Type of Treatment,

1998 to 2011
10-Year Mortality Univariate HR Multivariate® HR

Treatment Cases, No. (95% Cl), % (95% CI) P Value (95% Cl) P Value
Lumpectomy

Without radiotherapy 19762 0.9 (0.7-1.1) 1 [Reference] 1 [Reference]

With radiotherapy 42250 0.8 (0.7-1.0) 0.86 (0.67-1.10) 22 0.81 (0.63-1.04) .10

All 63319 0.8 (0.7-1.0) 1 [Reference] 1 [Reference]
Unilateral mastectomy 19515 1.3 (1.1-1.5) 1.45 (1.18-1.79) <.001 1.20 (0.96-1.50) 11

2 Adjusted for year of diagnosis, age at diagnosis, ethnicity, income, estrogen receptor status, tumor size, and grade.

black women (vs non-Hispanic white women) was 2.55 (95%
CI, 2.17-3.01; P < .001), and this risk ratio was not attenuated
when income, treatment, and tumor features were taken into
consideration. It is improbable that black women had inferior
survival because of less frequent screening or inadequate treat-
ment. All cases were stage O at diagnosis, and the majority of
these are diagnosed through mammography. The propor-
tions of black and white women treated with mastectomy and
radiotherapy were similar (eTable 5 in the Supplement), the
effect was seen in women in all treatment groups (eFigures 2-4
in the Supplement), and income was not a risk factor for mor-
tality (Table 2).

Other important risk factors for mortality following DCIS
included ER status, high grade, tumor size, and comedone-
crosis. In the first 10 years after diagnosis, the mortality rate
for women with ER-negative cancers exceeded that for ER-
positive cancers, but at 20 years, the mortality rates had re-
versed (Figure 2). Among the deaths from ER-negative DCIS,
13.4% occurred in years 10 to 19. In contrast, among the deaths
of patients with ER-positive DCIS, 26.8% occurred in years 10
to 19. Interestingly, high-grade DCIS was not associated with
an increased risk of ipsilateral invasive recurrence compared
with low-grade DCIS (HR, 0.91[95% CI, 0.78-1.07]; P = .26), but
women with high-grade DCIS were 1.88 times more likely to
die of breast cancer than women with low-grade DCIS (95% CI,
1.38-2.55; P < .001).

Impact of Recurrence on Mortality

The finding of greatest clinical importance was that preven-
tion of ipsilateral invasive recurrence did not prevent death
from breast cancer. Women with DCIS who developed an ip-
silateral invasive in-breast recurrence were 18.1 times more
likely to die of breast cancer than women who did not. For
patients who had a lumpectomy, the use of radiotherapy re-
duced the risk of developing an ipsilateral invasive recur-
rence from 4.9% to 2.5% but did not reduce breast cancer-
specific mortality at 10 years (0.9% vs 0.8%). Similarly, patients
who underwent unilateral mastectomy had a lower risk of ip-
silateral invasive recurrence at 10 years than patients who un-
derwent lumpectomy (1.3% vs 3.3%) but had a higher breast
cancer-specific mortality (1.3% vs 0.8%). Patients who had a
mastectomy had cancers with a larger mean size and higher
grade than patients who had a lumpectomy (eTable 5 in the
Supplement). After adjustment for tumor size, grade, and other
factors, the difference in survival for mastectomy vs lumpec-
tomy was not significant (HR, 1.20 [95% CI, 0.96-1.50]; P = .11).

JAMA Oncology October2015 Volume 1, Number7

It has been stated that DCIS is a noninvasive precursor le-
sion that cannot metastasize or cause death in the absence of
progression to an invasive breast cancer.'? Several historical
observations support this view. Only a fraction of treated DCIS
lesions progress to invasive breast cancer,'® but in the ab-
sence of treatment, the risk of invasive cancer is much higher.!*
Also, mortality from breast cancer in women with DCIS in-
creases substantially following the development of an inva-
sive local recurrence.**> However, if DCIS were truly a (non-
invasive) precursor of breast cancer, then a woman with DCIS
should not die of breast cancer without first experiencing an
invasive breast cancer (ipsilateral or contralateral), and the pre-
vention of an invasive recurrence should prevent her death
from breast cancer. Surprisingly, the majority of women with
DCIS in the cohort who died of breast cancer did not experi-
ence an invasive in-breast recurrence (ipsilateral or contralat-
eral) prior to death (54.1%). Furthermore, preventing the in-
vasive in-breast recurrence (with mastectomy or radiotherapy)
does not reduce mortality from breast cancer. This is in keep-
ing with the findings of other studies.>”191>1¢ In the Early
Breast Cancer Trialists’ Collaborative Group overview, assign-
ment to radiotherapy was associated with an HR of 0.46 (stan-
dard error, 0.14) for ipsilateral breast cancer but with an HR
of 1.22 (standard error, 0.11) for breast cancer mortality.!°
Among the 3729 women with DCIS in the study, there were 96
reported deaths from breast cancer (median follow-up, 8.9
years): 52 deaths among 1878 patients who had radiotherapy
(2.8%) and 44 deaths among 1851 patients who did not have
radiotherapy (2.4%). There were 54 patients with DCIS (1.4%
of all patients) who experienced a distant or regional recur-
rence with no prior ipsilateral or contralateral cancer.’® In a
study of 2449 women with DCIS who were treated at the Uni-
versity of Texas MD Anderson Cancer Center, 25 women de-
veloped distant metastases (median follow-up, 4.5 years), of
whom 16 had an intervening invasive recurrence and 9 did
not.!®

Strengths and Limitations

The mortality rate from breast cancer in women with DCIS is
low, and it is necessary to study a large cohort for an ex-
tended period to generate a precise estimate of mortality (death
from breast cancer after DCIS is too rare to use as an end point
in randomized clinical trials). Due to its size, the SEER regis-
try is unique in this respect. However, our study has several
inherent limitations. We relied on the details of pathologic
analysis supplied by SEER. It is possible that a formal pathol-
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ogy review would have found some cases of DCIS to be inva-
sive (and vice versa). Collins et al'” excluded 17% of cases af-
ter a central pathology review, but others report that after
secondary pathological review of cases of DCIS, the propor-
tion of women with a missed invasive cancer is as low as
2%.1820 The SEER database distinguishes between DCIS and
DCIS with microinvasion, and the 1470 cases with microinva-
sion were excluded. Also, the 10-year mortality rate reported
here (1.1%) is lower than the 10-year mortality rates reported
in the past,3”19:> contrary to what we would expect if inva-
sive breast cancers were overrepresented in the sample. Fur-
thermore, in an extended analysis of these data, the presence
of microinvasion was not an adverse prognostic factor for mor-
tality (eTable 3 in the Supplement).

We were unable to determine which cases of DCIS were
screen detected and which were symptomatic. We did not have
data on the margin status of the patients, and positive mar-
gins have been positively associated with the risk of in-breast
recurrence.?! We included household income in our statistical
models, but this is an incomplete indicator of social class. It is
possible that there may be undisclosed differences in access to
care in the different racial groups, but we found that neither
treatment (radiotherapy or surgery type) was predictive of mor-
tality, and these therefore are unlikely to be confounders. Few
women in the study would have received chemotherapy.

Some patients were treated with tamoxifen, and we did
not have access to this information. Factors such as body
mass index could influence survival, but these variables were
not available in the SEER database. Data were missing for
many individuals for key variables, including tumor size,
grade, and ER status, but given the large size of the database
(n = 108 196 patients), complete data were available for a large
number of patients.

The SEER registry records multiple primary cancers but not
recurrences. It is assumed that cancers in the opposite breast
are new primary cancers and that a DCIS and an invasive can-
cerin the same breast are independent primaries, and therefore
both are recorded routinely. However, in the event of 2 occur-
rences of DCIS in the same breast these may be coded as inde-
pendent primaries or as a primary and a recurrence. As aresult,
the number of noninvasive recurrences in the ipsilateral breast
is much less than expected (eTable 3 in the Supplement).

Interpretation

There are several similarities between the clinical course of
women with DCIS and that of women with small invasive can-
cers. For both, tumor size and tumor grade are significant pre-
dictors of mortality.>> For both, women with ER-positive can-
cersinitially have alower annual hazard for death and then the
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relationship between ER status and annual mortality reverses.
For both DCIS and invasive cancer, women who received a di-
agnosis before age 40 years have relatively poor survival?42>
and black women do less well than white women.® For both
DCIS and stage 1 cancer, mortality increases after an invasive
in-breast recurrence.* However, although it is accepted that,
for women with invasive breast cancer, prevention of in-
breast recurrence does not prevent death,?® this has not been
widely accepted for women with DCIS. Also, for women with
invasive cancersitis accepted that, in terms of survival, lumpec-
tomy is equivalent to mastectomy,?” even though patients who
undergo mastectomy experience fewer local recurrences. For
women with invasive cancer, radiotherapy is given to prevent
in-breast recurrence, but the effect of radiotherapy on mortal-
ity isacknowledged to be small.?® In the SEER database, these
relationships between local recurrence and mortality hold
equally well for patients with DCIS. These observations have
been reported in other studies as well.”1°:28

It is often stated that DCIS is a preinvasive neoplastic le-
sion that is not lethal in itself.!-?:30 The results of the present
study suggest that this interpretation should be revisited. Cases
of DCIS have more in common with small invasive cancers than
previously thought. The current clinical paradigm focuses on
risk factors for progression from DCIS to local (invasive) recur-
rence, and to study the impact of various prognostic factors or
to compare treatments, invasive recurrence is the primary clini-
cal end point.3!-*2 For example, in the general population of pa-
tients with breast cancer, Oncotype DX is used to identify pa-
tients who are at low risk for death from breast cancer and who
might not benefit from chemotherapy, but in the DCIS popu-
lation, it is proposed that the test be used to identify patients
who are at high risk for invasive recurrence (and not for death).>?
It is likely that the current paradigm was adopted because in-
vasive recurrences after a diagnosis of DCIS are much more com-
mon than breast cancer deaths and are therefore amenable to
study. Fewer than 1% of the patients in this 20-year study died
of breast cancer (although the proportion is higher for young
women and for black women).

.|
Conclusions

Some cases of DCIS have an inherent potential for distant
metastatic spread. It is therefore appropriate to consider
these as de facto breast cancers and not as preinvasive mark-
ers predictive of a subsequent invasive cancer. The outcome
of breast cancer mortality for DCIS patients is of importance
in itself and potential treatments that affect mortality are
deserving of study.
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