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Abstract

Among women diagnosed with ductal carcinoma in situ (DCIS), we identified factors associated
with local invasive cancer (LIC) and regional/metastatic invasive cancer (RMIC) and provide 10-
year risks based on clinically relevant factors. We created a retrospective, population-based cohort
of 1492 women with an initial diagnosis of DCIS (1983-1996) treated by lumpectomy alone.
Histological and molecular markers (Ki67, ER, PR, COX-2, p16, ERBB2) were collected on DCIS
cases with a subsequent tumor (DCIS, LIC, or RMIC) and a subsample of frequency-matched
controls without subsequent tumors. Competing risks methods were used to identify factors
associated with LIC and RMIC and cumulative incidence methods to estimate 10-year risks for
combinations of factors. Median follow-up time was 12.6 years (range 0.5-29.5 years). The
overall 10-year risk of LIC (11.9 %) was higher than for RMIC (3.8 %). About half of women
with initial DCIS lesions are detected by mammography and p16 negative and have a 10-year risk
of LIC of 6.2 % (95 % CI 5.8-6.8 %) and RMIC of 1.2 % (95 % CI 1.1-1.3 %). Premenopausal
women whose DCIS lesion was p16 positive or p16 negative and detected by palpation had high
10-year risk of LIC of 23.0 % (95 % CI 19.3-27.4 %). Ten-year risk of RMIC was highest at

22.5 % (95 % CI 13.8-48.1 %) for those positive for p16, COX-2, and ERRB2, and negative for
ER, but prevalence of this group is low at 3 %. Ten-year risk of LIC and RMIC is low for the
majority diagnosed with DCIS. Combinations of molecular markers and method of detection of
initial DCIS lesion can differentiate women at low and high risk of LIC and RMIC.

“Annette M. Molinaro, Annette.molinaro@ucsf.edu.
Electronic supplementary material The online version of this article (doi:10.1007/s10549-016-3814-z) contains supplementary
material, which is available to authorized users.

Compliance with ethical standards
Conflict of interest The authors have no conflict of interest.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molinaro et al.

Keywords

Page 2

Ductal carcinoma in situ; Local invasive cancer; Regional/metastatic invasive cancer; Risk;
Recurrence

Introduction

In 2016, more than 60,000 women will be diagnosed with ductal carcinoma in situ (DCIS)
[1]. DCIS accounts for 20 % of all newly diagnosed cases of breast cancer in the United
States, the vast majority of which are diagnosed by mammography alone [2-5]. By 2020,
one million women are expected to be living with the lesion [6]. Due to its low 10-year
mortality rate of 1-2.6 %, [4, 7-9] DCIS expert consensus is that the goal of treatment for
women with minimal risk of subsequent invasive cancer (IC) should be breast conservation
[6]. Estimates of lifetime risk of subsequent IC for women with untreated DCIS range from
30 to 50 % [10-12]. Studies to date have not consistently identified subsets of women with
DCIS who are at low (or high) risk of developing local invasive cancer (LIC) versus regional
or metastatic invasive cancer (combined, RMIC) [13]. Therefore, women with DCIS are
currently treated with mastectomy and radiation at the same rates as those with early stage
IC (30 and 50 %, respectively) whose 10-year mortality rates range from 7 to 10 % [14].
Recently it was shown that overall survival rates for women diagnosed with DCIS are highly
associated with choice of treatment (either lumpectomy alone, lumpectomy plus radiation, or
mastectomy); however, the 10-year disease-free specific survival is not [15]. In fact, the 10-
year disease-free specific survival only differs between treatment types by 0.5 %. Thus, the
inability to delineate women with DCIS at low (or high) risk of a poor outcome means that
the majority is treated aggressively, causing both harm [10, 15-17] (e.g., radiation damage
and disfiguring surgery) and significant anxiety [18, 19].

A few studies identified subsets of women with DCIS who can be stratified into risk groups
for developing subsequent 1C [13]. Silverstein [20] defines three groups based on clinical
data, Kerlikowske et al. [21], define four groups using clinical and biomarker data, while
Solin et al. [22], define three groups using a formula with seven cancer-related genes and
five reference genes. However, to date, no study has separated LIC from RMIC. As breast
cancer mortality is typically associated with regional/metastatic events, identifying these
women early and accurately is of utmost importance.

We assembled a population-based cohort of 1492 women with an initial diagnosis of DCIS
who were subsequently treated by lumpectomy alone. Our primary goal is to define a
prognostic signature that accurately delineates those women most likely to have subsequent
RMIC from subsequent LIC and from no subsequent IC.

Subjects and methods

Subjects

The study sample and methods are previously described [7, 21]. Briefly, we identified
women aged 20 years and older who were diagnosed with DCIS and treated with
lumpectomy alone (between January 1, 1983 and December 31, 1996) in one of the nine San
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Francisco Bay Area counties from the Northern California Surveillance, Epidemiology, and
End Results database for a total of 1562 women. We excluded for ineligibility those women
treated by mastectomy or by lumpectomy plus radiation within 6 months; with a prior
diagnosis of breast cancer; who died within 6 months of initial diagnosis; whose initial
DCIS lesion had IC on standardized pathology review; or whose DCIS diagnosis could not
be confirmed. Of the eligible women remaining, those who could not be located, refused to
participate, or did not speak one of the four languages in which interviews were conducted
were also excluded. The final study cohort consisted of 1492 women. This study was
reviewed and approved by the UCSF Committee on Human Research. Study participants
provided verbal and/or written informed consent.

Telephone interviews and vital status

We obtained demographic information and a breast health history from each woman during
a telephone interview, as previously described [7]. Questions included information on any
breast procedures, family history of breast cancer, detection method at diagnosis, and
menopausal status. For the 212 deceased women, a proxy was interviewed and/or we
conducted medical record review. Vital status and underlying cause of death were collected
as of December 31, 2010 from the California Department of Vital Statistics and/or death
certificates.

Pathology review

For those women with subsequent tumors (case subjects) as well as those without (controls
subjects; randomly selected and frequency matched to cases by year of diagnosis), paraffin-
embedded tissue samples and/or hematoxylin- and eosin-stained slides of initial DCIS were
retrieved from pathology laboratories, as previously described [7, 21]. For case subjects,
subsequent tumors were defined as DCIS, LIC (in the ipsilateral breast that contained the
initial DCIS lesion), or RMIC (in one or more lymph nodes or in a distant site (e.g., bone,
brain, liver, lung, skin) more than 6 months after the initial treatment of DCIS). Study
pathologists, blinded to the clinical outcome, reviewed 771 slides of the original DCIS
lesions from 153 women who had a subsequent IC (109 LIC and 44 RMIC), 210 who had a
subsequent DCIS event or were deceased, and 408 control subjects. In addition to verifying
the initial diagnoses as well as subsequent disease, the pathologists determined tumor size,
margin width, nuclear grade, and type and quantity of necrosis of the initial DCIS lesion.
Women who developed only contralateral breast cancer during the study period (n=72)
were included in the study as control subjects.

As previously described [21], additional immunohistochemical staining was performed to
measure the presence of the following proteins: ER, PR, p53, ERBB2, COX-2, Ki67, and
p16. For the first three, if 10 % or more tumor cells showed staining of any intensity, ER and
PR were present while p53 was overexpressed. ERBB2 was overexpressed when 10 % or
more tumor cells showed moderate or strong membrane staining (?2 or higher) [23]. COX-2
was evaluated on a condensed Allred score [24] with each value corresponding to a
combination of Allred classes (0 = Allred class 0; 1 = Allred classes 2, 3, and 4; 2 =5 and 6;
3 =7 and 8). p16 was evaluated on a scale of 0 to 3, based on the percentage of positively
stained tumor cells, irrespective of staining intensity (0 = no staining, 1 = fewer than 25 % of
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cells stained, 2 = 25-75 %, 3 = more than 75 % of cells stained) [25]. Tissues with a score of
at least 2 were overexpressed for COX-2 or p16. For Ki67, a minimum of 1000 tumor cells
were counted from at least three high-powered (0.40) fields in areas that showed the highest
labeling. Subsequently, the labeling index was expressed as a percentage as the number of
positive cells divided by the number of positive plus negative cells. High Ki67 expression
was defined as = 10 % tumor cell staining. In the text, proteins are noted as positive or
negative as, e.g., p16* for p-16 positive.

Van Nuys Prognostic Index (VNPI)

The VNPI was developed to identify women with DCIS who could be treated minimally
[20]. By combining five tumor characteristics (tumor size, margin width, nuclear grade, age,
and comedonecrosis), three subgroups of women can be delineated, each with varying risks
of local recurrence after excision. Women are assigned one-point each for tumor size < 15
mm; tumor grade I-11; margin width = 10 mm; and age > 60. Women are assigned two-points
each for tumor size 16-40 mm; tumor grade I-11 and necrosis; margin width 1-9 mm; and
age 40-60. Women are assigned three points each for tumor size > 40 mm; tumor grade Ill;
margin width < 1 mm; and age < 40. A total score of < 6 is low risk; a score of 7-9 is
intermediate risk; and a score of = 10 is high risk.

Statistical analysis

Depending on the outcome of interest (i.e., either LIC or RMIC), subsequent LIC, RMIC,
DCIS, and death from causes other than breast cancer were considered competing events. To
calculate the appropriate hazard ratio, we used the competing risk package cmprskin the
statistical program R (version 3.2.0) [26] to estimate coefficients in the proportional
subdistribution hazards regression model [27].

Initially, we looked at the variables in univariate analyses to assess significance with LIC or
RMIC. Subsequently, we built multivariate models by combining variables that were found
to be univariately significant and/or previously shown to have a biological basis for
association with subsequent tumors [25]. To define risk groups, we employed partDSA [28,
29], a recursive partitioning algorithm for finding combinations of variables in an objective
manner. Four risk groups were defined separately for subsequent LIC and RMIC.

To estimate the 10-year probability of subsequent IC for the population-based cohort by
variables that were only collected for the subsample, we imputed for those in the cohort who
were not in the subsample. The imputed values were based on the observed prevalence in the
subsample study stratified by case/control status and type of subsequent tumor as previously
described [7, 21]. To estimate either the risk of subsequent LIC or RMIC with competing
risks, we estimated the cumulative incidence function (CIF) [30]. This process was repeated
2500 times, each time generating a new imputed value. For each time point ¢ the 2500 CIF
survival estimates were averaged and the 95 % confidence interval (CI) was reported as the
0.025 and 0.975 quantiles. All statistical tests were two-sided. £ values less than 0.05 were
considered statistically significant.
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From January 1, 1983 to May 1, 2013, 446 of the 1492 women in the study cohort (30 %
overall or 2.4 % per year) developed a subsequent breast tumor [median follow-up = 12.6
years (range 0.5-29.5 years)]. Of the 1492 women, 210 (14.1 %) had subsequent local
DCIS, 236 (15.8 %) had subsequent IC, and 212 (14.2 %) died of a cause other than breast
cancer. Of women with subsequent IC, 167 (11.2 %) had LIC, 47 (3.2 %) had regional
disease, 14 (0.9 %) had metastatic disease, and 8 (0.5 %) had no reported location.
Subsequently, 49 (3.3 %) died of breast cancer [of 167 women with LIC, 20 died (12 %); of
47 with regional disease, 15 died (32 %); and all 14 with metastatic disease died (100 %)].
The 10-year risk of subsequent LIC (11.9 %) was higher than the 10-year risk of subsequent
RMIC (3.8 %). Across controls and cases, mammogram screening was comparable

(88-94 %) as was the percentage of women taking selective estrogen-receptor modulator
prior to recurrence for cases and at the time of last follow-up for controls (12-14 %).

Univariate results of baseline factors associated with subsequent LIC versus RMIC

Premenopausal status was associated with increased risk of subsequent LIC (HR = 1.9, 95 %
Cl 1.1-3.4) compared to women who did not have a subsequent event (Table 1). Race/
ethnicity was also associated with incidence of subsequent LIC; where Hispanic women had
an increased risk of LIC compared to Caucasian women (HR = 1.8, 95 % CI 1.1-2.9).
Method of initial DCIS detection was associated with incidence of subsequent RMIC; where
those women with initial DCIS lesions detected by palpation were at higher risk compared
with those that were detected by mammography (HR = 2.6, 95 % CI 1.5-4.8). Family
history of breast cancer (Table 1) was not associated with incidence of subsequent LIC or
RMIC, and neither was oral contraceptive use, postmenopausal hormone therapy, or body
mass index (data not shown).

Although no measured histopathologic characteristics were associated with subsequent
RMIC (Supplementary Table 1), several tended toward an increased risk of subsequent LIC:
poor cell polarity, cribriform architectural growth pattern, and psammomatous calcification
(data not shown). The VNPI was not associated with increased risk of either type of
subsequent IC (Supplementary Table 1).

Risk of subsequent LIC was associated with p16™ (HR = 1.9, 95 % CI 1.2-3.2; Table 2), the
combination of p16*COX-2" (HR = 2.3, 95 % CI 1.3-4.1) as well as p16*COX-2"ER
*ERBB2™ (HR = 1.9, 95 % CI 1.0-3.7). Risk of subsequent RMIC was associated with p16*
(HR = 2.8, 95 % CI 1.4-5.8), as well as: p16"Ki67* (HR = 2.9, 95 % CI 1.3-7.1);
pl6*COX-2*Ki67* (HR = 3.3, 95 % CI 1.2-9.0); and p16"COX-2*ERTERBB2* (HR = 3.6,
95 9% CI 1.1-11.7); and p16*COX-2*ER"ERBB2* (HR = 6.5, 95 % CI 2.3-18.2). Univariate
associations with subsequent DCIS or death from disease other than breast cancer are shown
in Supplementary Tables 2, 3, and 4.

Multivariable results of factors associated with subsequent LIC versus RMIC

DCIS lesions that were detected by palpation and those that were p16*COX-2*ER"ERBB2*
were statistically associated with subsequent RMIC (Table 3). Of the DCIS lesions
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associated with subsequent RMIC, 35 % were detected by palpation (Table 1) while 11 %
were p16¥COX-2*ER"ERBB2* (Table 2). The 10-year risk of subsequent RMIC was
highest for those women with an initial DCIS lesion that was p16*COX-2*ER

“ERBB2* (22.7 %; Table 4) and somewhat less elevated for those who detected their lesion
by palpation (8.7 %). For LIC, significant associations were p16* and premenopausal status,
and detection by palpation (Table 3). Of the DCIS lesions associated with subsequent LIC,
18 % were detected by palpation and 2 % were p16* and premenopausal, with
corresponding 10-year risk of LIC of 13.6 and 27.8 %, respectively (Table 4).

For subsequent LIC, the 10-year risk was highest for women who were premenopausal

(18 %) and those who were premenopausal and p16* (27.8 %). The 10-year risk of LIC was
lowest for women whose initial DCIS lesion was p16-COX-2"Ki67~ or p16*COX-2*ER
“ERBB2* (5.5 and 4.6 %, respectively). For subsequent RMIC, the 10-year risk was highest
(22.7 %) for women whose initial DCIS lesion was p16"COX-2*ER"ERBB2* and lowest
(1.2 %) for when the initial DCIS lesion was p16"COX-2"Ki67".

Subsequent LIC or RMIC by risk group

We defined four risk groups for LIC and for RMIC (Tables 5, 6; Fig. 1). For LIC, the four
groups were defined using method of detection, p16, and menopausal status (Table 5).
Among the 1492 women, 52 % were in the lowest risk group and had a 10-year risk of LIC
of 6.2 % (95 % CI 5.8-6.8 %). Ten percent were in the low-risk group with a 10-year risk of
9.5 % (95 % CI 7.9-12 %). One-third were in the intermediate risk group with a 10-year risk
of 13.4 % (95 % CI 12.4-14.5 %), respectively. Three percent were in the highest risk group
with a 10-year risk of 23 % (95 % CI 19.3-27.4 %). For subsequent RMIC, the four groups
were defined using method of detection, p16, COX-2, ER, and ERBB2 (Table 6). Fifty-one
percent of the women were in the lowest risk group with a 10-year risk of RMIC of 1.2 %
(95 % CI 1.1-1.3 %). Forty-two percent were in the next to lowest risk group with a 10-year
risk of 4.3 % (95 % CI 4.0-4.7 %). The intermediate and high-risk groups contained 4 and

3 %, respectively, with a 10-year risk of 12.2 % (95 % CI1 9.9-15.3 %) and 22.5 % (95 % ClI
13.75-48.1 %), respectively. Statistically significant difference in risk estimates can be
inferred from the nonoverlapping confidence intervals. The non-significance between the
intermediate and high-risk groups in RMIC can be explained by the similarity in survival
curves until 60 months when the two groups separate (Fig. 1b).

Discussion

Standard multimodal treatments of DCIS have limited impact on survival since differences
in overall survival rates are attributed to comorbidities at diagnosis rather than treatment
benefit [15]. Thus, women should be treated less aggressively and research should focus on
differentiating women who will benefit from minimal treatment or surveillance only. At
present there are no published prognostic models that differentiate LIC from RMIC in
women diagnosed with DCIS. Thus, our results have important implications for informing
personalized treatment. In a population-based cohort of 1492 women with an initial
diagnosis of DCIS who were subsequently treated by lumpectomy alone, we found that the
risk of subsequent RMIC is low and we were able to define a prognostic signature to
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delineate women at low and high risk of RMIC. Women at lowest risk of RMIC (51 % of
women with 10-year risk of 1.2 %) had DCIS lesions that were mammographically detected
and p16~, while women at highest risk (3 % of women with 10-year risk of 22.5 %) had
lesions that were p16*COX-2*ER"ERBB2*.

To date, there are two common approaches to identify women at risk of subsequent tumors:
the VNPI [20] and Onco#ype DX breast cancer assay [22, 31]. For both, the stratification is
based on diagnosis of subsequent local tumor, which includes DCIS and LIC. In our
subsample data, the VNP1 was not associated with either LIC or RMIC in competing risk
models (Supplementary Table 1). In the cohort (with imputation), the VNPI was able to
differentiate the 10-year risk of LIC: 8.1 % for the low-, 10.1 % for the intermediate-, and
16.6 % for the high-risk groups. Interestingly, the 10-year risk CI for the VNPI low-risk
group does not overlap that of our lowest risk group (Tables 4, 5). The VNPI was not able to
differentiate 10-year risk for RMIC (range 3.0-4.2 %); Table 4). The range of 10-year risks
for an ipsilateral breast event based on the Oncotype DX assay ranges from 10.6 to 25.9 %;
while the range for invasive ipsilateral breast events is from 3.7 to 19.2 %. The latter is
similar to the range of our four risk groups for LIC (6.2-23 %). It should be noted that a
more complicated algorithm/formula is needed to calculate Oncotype DX scores; while ours
can be stratified based on one marker measured in clinical laboratories by
immunohistochemical staining, method of detection, and menopausal status. In addition,
Oncotype DX does not assess risk of regional or metastatic 1Cs.

As expected, women are at a higher risk of LIC if their DCIS lesion is positive for ER while
they are at a higher risk of RMIC if their lesion is negative for ER. A similar pattern is
observed for ERBB2. In combinations of markers, a woman with a DCIS lesion that is
pl6*COX-2*ER"ERBB2* is at low risk of LIC but high risk of RMIC. This is consistent
with the literature, where a greater proportion of initially diagnosed with LIC tend to be
positive for ER and ERBB2; whereas, with RMIC, they are more likely to be negative for
ER and ERBB2 [32, 33]; as well as the biologic justification of p16*Cox-2* being
associated with RMIC [25].

Our study has several strengths, first, it is a large, population-based study and includes
women diagnosed with DCIS and treated only by lumpectomy. Importantly, the distributions
of nuclear grade and detection by palpation, and rate of subsequent invasive cancer in this
study, illustrate that the women included do not comprise a low-risk cohort even though they
were all only treated by lumpectomy alone. Additional strengths include that this study
examines clinical, histopathologic, and molecular markers; has a median follow-up of over
12 years; and has limited selection bias due to recruitment of women from a wide range of
hospitals (7= 63). Limitations include the retrospective nature of collection of clinical
variables increases potential for recall bias (however, none of the variables in the risk
prediction are collected from women’s recall); exclusion of treatments other than
lumpectomy prohibits assessing association of variables with response to adjuvant therapies;
imputation for missing biomarker data could lead to over-/under-estimation of risk
estimates; and a restricted list of biomarkers due to limited tissue available. Validation in
independent cohorts is needed.
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In summary, we found that the 10-year risk of LIC was substantially higher than that of
RMIC and combinations of clinical and biomarker data could delineate risk groups for both
LIC and RMIC. The treatment implications for these risk groups are significant, in that those
women at high risk of subsequent RMIC may benefit from mastectomy and/or systemic
therapy, while those at high risk of subsequent LIC may choose less aggressive treatment,
lumpectomy with or without radiation therapy [10, 12, 15]. Those women at low risk of
either LIC or RMIC, which comprise about half of women diagnosed with DCIS, could be
treated conservatively with lumpectomy only and active imaging surveillance [15, 34].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Survival experiences of four risk groups for LIC (a) and RMIC (b). See Tables 5 and 6 for

definitions of groups. Curves are averaged cumulative incidence function survival estimates
at each of 2500 time points
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