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Abstract
We compared the characteristics, clinical behavior, and biomarker profile between HER2 positive (HER2+) and triple-negative
(TN) ductal carcinoma in situ (DCIS) which are considered more aggressive than other DCIS subtypes. In addition, we explored
the impact of these features on its potential of progression to invasive breast carcinomas. Cases of DCIS diagnosed at the
Department of Pathology, Singapore General Hospital from 1994 to 2010 were identified. TN and HER2+ DCIS cases formed
the study cohort. Immunohistochemistry (IHC) was performed for ER, PR, HER2, CK14, EGFR, and p53. Comparisons of
clinicopathological features, IHC results, and clinical outcomes were performed between the two groups. We evaluated 145
HER2+ and 85 TN DCIS cases. HER2 positive DCIS had significantly higher nuclear grade (p < 0.001) and more frequent
necrosis (p < 0.001) than TN DCIS. HER2 positive DCIS also harbored significantly higher rates of nuclear p53 immunoreac-
tivity (p = 0.002) than TN DCIS. Younger patients (age < 40) with HER2+ and TN DCIS demonstrated statistically significant
worse invasive DFS than older women (p < 0.001). Multivariate cox regression analysis (HR 15.08, 95% CI 12.79–81.45, p =
0.002) also confirmed these findings. In addition, younger patients (age < 40) with HER2+ DCIS experienced significantly
poorer prognosis when p53 was also positive (p = 0.033). HER2+ DCIS had more aggressive pathological characteristics
compared to TN DCIS; accumulation of mutant p53 could possibly be contributory. Age was an independent predictor of
aggressive biological behavior of HER2+ and TN DCIS. We demonstrated that younger patients with p53 positive HER2+
DCIS had significantly adverse clinical outcome.
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Introduction

Ductal carcinoma in situ (DCIS) is a heterogeneous disease
arising from the terminal duct lobular unit, composed of a
clonal proliferation and accumulation of malignant breast ep-
ithelial cells within the lobule [1]. DCIS is also considered a
non-obligate precursor of invasive breast carcinoma [2–4] and
numerous studies have been reported in this regard [5–7].
DCIS is primarily classified based on its nuclear grade, while
in terms of molecular expression, it could be divided accord-
ing to the status of estrogen receptor (ER), progesterone re-
ceptor (PR), and human epidermal growth factor receptor 2
(HER2) in carcinoma cells, akin to invasive breast cancer [8].

Molecular subtyping by immunohistochemistry (IHC) sur-
rogates could generally classify breast cancer into four broad
categories—namely, Luminal A, Luminal B, HER2 positive
(HER2+) type, and triple-negative (TN). Breast cancers that
fall under the non-luminal categories (HER2+ and TN) tend to
have a less favorable prognosis compared to luminal breast
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cancers [9], although one study [10] reported that long-term
survival at 15 years was poorest for patients with luminal
HER2+ breast cancer.

HER2+ DCIS may be defined by an overexpression of the
HER2 receptor and the lack of hormonal receptors [11]. HER2
positivity has been reported to be generally associated with a
significantly higher risk of recurrence [12–15]. Recently,
Mustafa et al. described HER2+ DCIS to have significantly
higher rates of upstaging to invasive breast carcinoma than
HER2- DCIS [16]. Similarly, HER2 status in invasive breast
carcinoma is also considered a significant predictor of prog-
nosis [17–19].

In contrast, TN DCIS is characterized by the lack of ER,
PR, and HER2 receptors. TN invasive breast carcinoma has
more aggressive clinical behavior, distinctive metastatic pat-
terns, and poorer prognosis than other subtypes [20–23].
However, few studies have characterized the biological be-
havior and biomarker profiles of TN DCIS to date [24–26].
TN DCIS can also develop into invasive disease [27, 28]. A
previous study established TN DCIS (basal-like) as a precur-
sor of the corresponding invasive counterpart [29] but much
has still remained unknown at this juncture.

We previously compared clinicopathological parameters,
IHC characteristics, and clinical outcomes of screen-detected
and symptomatic DCIS, which included 145 HER2+ and 85
TN DCIS cases out of 1202 DCIS cases [30]. Therefore, in
this study, we compared the clinical and biological character-
istics, behavior, and biomarker profiles in these two subtypes
of DCIS derived from our previous cohort.

Materials and methods

Patients

Two hundred and thirty cases of HER2+ and TN DCIS were
evaluated in this study. All the cases were diagnosed at the
Department of Pathology, Singapore General Hospital (SGH)
from 1994 to 2010. Clinical and pathological findings including

age, ethnicity, screen-detected/symptomatic, laterality, tumor
size, nuclear grade, necrosis, microinvasion, andmorphological
subtypes were retrieved from pathology records. Nuclear grade
was categorized as low, intermediate, or high based on the
degree of nuclear pleomorphism [31]. Microinvasion was de-
fined as the presence of invasion not exceeding 1 mm in extent
[31]. Morphological subtypes were classified into comedo,
cribriform, papillary, solid, and mixed groups.

Immunohistochemistry

Archival formalin-fixed paraffin-embedded (FFPE) tissue blocks
were retrieved. Four-micrometer tissue sections were cut from
the FFPE blocks and placed onto positively charged Bond Plus
glass slides (Leica Biosystems, Inc., Richmond, IL, USA). These
slides were incubated in an oven overnight at 80 °C to increase
adhesion of the sections to the slides. Antibodies to ER, PR,
HER2 (c-erbB2), CK14, epidermal growth factor receptor
(EGFR), and p53 were applied to the sections. Details of the
antibodies and dilution were summarized in Table 1. An appro-
priate positive control was run with each immunostaining batch,
and specificity was confirmed in these controls.

Nuclear ER, PR, and p53 immunoreactivity, cytoplasmic
membranous HER2 and EGFR immunoreactivity, and cyto-
plasmic CK14 immunoreactivity were assessed. The relative
immunointensity and percentage of positively stained tumor
cells were recorded. The relative immunointensity was cate-
gorized as 0, 1+, 2+, and 3+, denoting no staining, weak,
moderate, and strong staining, respectively [32]. For ER,
PR, CK14, and EGFR, a positive result was defined by the
presence of at least 1% of tumor cells displaying positive
staining [33]. For HER2, positive expression was defined as
> 10% of tumor cells exhibiting 3+ membrane staining [34].

Molecular subtypes of DCIS were classified, based on IHC
status of receptors, as Luminal A (ER+, and/or PR+, HER2−),
Luminal B (ER+, and/or PR+, HER2+), triple-negative (ER−,
PR−, HER2−), andHER2 type (ER−, PR−, andHER2+), adapted
from Carey et al.’s classification in 2006 [9]. Although Ki-67 is
also used to differentiate between Luminal A and B according

Table 1 Details of antibodies
Antibody Clone Source Dilution Antigen retrieval

ER SP1 Thermo Scientific Lab Vision
RM-9101-S

1:50 0.01 M Tris-EDTA pH 9.0, 98 °C,
15 min

PR SP2 Thermo Scientific Lab Vision
RM-9102-S

1:200 0.01 M Tris-EDTA pH 9.0, 98 °C,
15 min

HER2 SP3 Thermo Scientific Lab Vision
RM-9103-S

1:200 0.01 M Tris-EDTA pH 9.0, 98 °C,
15 min

CK14 LL002 Leica Novocastra NCL-L-LL002 1:20 0.01 M Tris-EDTA pH 9.0, 98 °C,
15 min

EGFR E30 Dako M7239 1:50 Proteinase K, room temp, 10 min

p53 DO-7 Dako M7001 1:70 0.01 M Tris-EDTA pH 9.0, 98 °C,
15 min
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to the 2011 St Gallen classification [11], only ER, PR, and
HER2 were applied for the purposes of this study.

Follow-up

Follow-up data were obtained from clinical charts. Recurrences
included in situ and invasive local relapses. Events were catego-
rized as ipsilateral DCIS recurrence, contralateral DCIS occur-
rence, ipsilateral invasive recurrence, and contralateral invasive
occurrence. Disease-free survival (DFS) was defined overall as

time from the date of diagnosis to the date of ipsilateral in situ or
invasive recurrence, or to the date of last follow-up [35].We used
the terms in situ and invasive DFS to refer to the period from
diagnosis of DCIS to ipsilateral in situ and ipsilateral invasive
disease recurrence respectively.

Statistical analysis

Results were analyzed using SPSS for Windows, Version 18
(SPSS, Inc., Chicago, IL, USA). χ2 and Fisher’s exact tests

Table 2 Clinicopathological
characteristics of TN (N = 85) and
HER2 positive DCIS (N = 145)

Clinicopathological
parameters

Total
(N = 230)

Triple-negative (N = 85) HER2 positive (N = 145) p value

Age (years) Mean and median 52,
range 22–86

Mean 52, median 51,
range 30–76

< 40 17 6 (35.3%) 11 (37.1%)

≥ 40 213 79 (64.7%) 134 (62.9%) 0.883

Ethnicity

Chinese 203 78 (38.4%) 125 (61.6%)
Malay 7 3 (42.9%) 4 (57.1%)

Indian 11 3 (27.3%) 8 (72.7%)

Others 9 1 (11.1%) 8 (88.9%) 0.099

Screen-detected/symptomatic

Screen-detected 94 28 (29.8%) 66 (70.2%)

Symptomatic 136 57 (41.9%) 79 (58.1%) 0.062

Lateralitya

Left 120 37 (30.8%) 83 (69.2%)

Right 106 45 (42.5%) 61 (57.5%)

Bilateral 2 2 (100%) 0 (0%) 0.024*

Size (mm) Mean 28, median 25,
range 2–100

Mean 28, median 20,
range 2–120

≤ 20 117 39 (33.3%) 78 (66.7%)

> 20 113 46 (40.7%) 67 (59.3%) 0.249

Nuclear grade

Low 4 4 (100%) 0 (0%)

Intermediate 35 26 (74.3%) 9 (25.7%)

High 191 55 (28.8%) 136 (71.2%) < 0.001*

Necrosisb

Absent 28 18 (64.3%) 10 (35.7%)

Present 200 66 (33.0%) 134 (67.0%) < 0.001*

Microinvasion

Absent 203 77 (37.9%) 126 (62.1%)

Present 27 8 (29.6%) 19 (70.4%) 0.403

DCIS variants

Comedo 50 15 (30.0%) 35 (70.0%)

Cribriform 7 5 (71.4%) 2 (28.6%)

Papillary 7 2 (28.6%) 5 (71.4%)

Solid 13 4 (30.8%) 9 (69.2%)

Mixed 153 59 (38.8%) 94 (61.2%) 0.508

*Statistical significance
a,b Indicate that there were 2 cases without data
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were used to evaluate the relationship of clinicopathological
characteristics between HER2+ and TN DCIS. Survival out-
comes were evaluated using the Kaplan-Meier estimator and
compared by the log-rank test. Multivariate cox regression
analysis (adjusted for age, tumor size, and grade) was per-
formed to examine the impact of the characteristics of DCIS
on survival outcomes. A p value of < 0.05 defined statistical
significance.

Results

Among 230 DCIS cases in our study cohort, 145 were
HER2+ and 85 cases TN DCIS. Results of comparison
of clinicopathological characteristics between TN and
HER2+ DCIS were summarized in Table 2 with the
IHC illustrations in Fig. 1. HER2+ DCIS was more

likely to be symptomatic than TN DCIS although this
difference did not reach statistical significance (p =
0.062). HER2+ DCIS was more frequently detected in
the left than right breast (p = 0.024). HER2+ DCIS had
statistically significantly higher nuclear grade (p < 0.001)
and more frequently harbored foci of necrosis (p <
0.001) than TN DCIS. However, there were no other
differences in the remaining clinicopathological parame-
ters between HER2+ and TN DCIS.

We evaluated the expression of CK14, EGFR, and p53 in
this study and results were summarized in Table 3. The pat-
terns of IHC expression of these biomarkers were also illus-
trated in Fig. 2. The status of CK14 and EGFR was not sig-
nificantly different between HER2+ and TN DCIS (p = 0.972
and p = 0.342 respectively). However, HER2+ DCIS had sig-
nificantly higher rates of mutant p53 positivity than TN DCIS
(p = 0.002).

Fig. 1 Immunohistochemical
staining of triple-negative and
HER2 positive DCIS. Negative
staining of a ER, b PR, and c
HER2. Positive staining of d
HER2

Table 3 Immunohistochemical
expression of biomarkers Biomarkers Total Triple-negative DCIS HER2 positive DCIS p value

CK14 0.972
Negative 210 76 (36.2%) 134 (63.8%)

Positive 14 5 (35.7%) 9 (64.3%)

EGFR 0.342
Negative 197 69 (35.0%) 128 (65.0%)

Positive 27 12 (44.4%) 15 (55.6%)

p53 0.002*
Negative 75 35 (46.7%) 40 (53.3%)

Positive 140 36 (25.0%) 104 (75.0%)
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Patient follow-up ranged from 4 to 229 months (mean and
median 101 months). One hundred and forty-seven (63.9%)
women underwent breast conserving surgery, while the re-
maining 83 (36.1%) had mastectomy. Twenty-eight patients
(12.2%) developed a subsequent breast cancer; 17 (7.4%)
were in situ, and 11 (4.8%) were invasive. Details were
summarized in Table 4. There were no significant differences
between HER2+ and TN DCIS with regard to subsequent
occurrence of breast cancer. There was a trend for more favor-
able ipsilateral invasive DFS (p = 0.082) in patients who
underwent a mastectomy than those who had breast conserv-
ing surgery, although the difference was not statistically sig-
nificant. Adjusting the multivariate analysis for surgical treat-
ment did not yield any statistical significance (p = 0.234, HR
3.09, 95% CI 0.48–19.85). Five- and ten-year DFS were sum-
marized in Table 5. A total of three patients died, but none
were due to breast cancer.

In the entire study cohort (N = 230), younger patients (age
< 40) with HER2+ and TN DCIS harbored significantly unfa-
vorable invasive DFS (p < 0.001) (Fig. 3a). This was subse-
quently confirmed by multivariate cox regression analysis
(p = 0.002, HR = 15.08, 95% CI 2.79–81.45).

In TNDCIS, younger patients (age < 40) also had significant-
ly poorer invasive DFS than older ones (p < 0.001) (Fig. 3b).
This finding was subsequently confirmed by multivariate cox
regression analysis (p = 0.009, HR = 30.34, 95% CI 2.34–
395.45).

In HER2+ DCIS, younger patients showed a trend for un-
favorable invasive DFS than older ones (p = 0.078) (Fig. 3c).
Of particular interest, also within the HER2+ DCIS cohort,
younger patients with p53 positive DCIS had significantly
poorer DFS (p = 0.033) (Fig. 3d), which was subsequently
confirmed by multivariate analysis (p = 0.011, HR = 23.48,
95% CI 2.08–264.83). All survival analyses shown were per-
formed with ipsilateral invasive recurrences or the last follow-
up as the endpoint. Analyses with in situ recurrences or a
combination of in situ and invasive recurrences did not yield
any statistically significant results.

Discussion

We previously compared characteristics and behavior of
screen-detected and symptomatic DCIS in a large series

Fig. 2 Immunohistochemical expression of biomarkers in DCIS: a CK14, b EGFR, and c p53

Table 4 Patterns of subsequent
breast cancer Subsequent breast cancer Total Triple-negative DCIS HER2 positive DCIS p value

All events 28 13 (46.4%) 15 (53.6%) 0.275
Ipsilateral DCIS 10 (35.7%) 3 (30.0%) 7 (70.0%)

Contralateral DCIS 7 (25.0%) 5 (71.4%) 2 (28.6%)

Ipsilateral IDC 7 (25.0%) 4 (57.1%) 3 (42.9%)

Contralateral IDC 4 (14.3%) 1 (25.0%) 3 (75.0%)

Ipsilateral recurrences (DCIS +IDC) 0.709
No 213 (92.6%) 78 (36.6%) 135 (63.4%)

Yes 17 (7.4%) 7 (41.2%) 10 (58.8%)

Ipsilateral invasive recurrences 0.263
No 223 (97.0%) 81 (36.3%) 142 (63.7%)

Yes 7 (3.0%) 4 (57.1%) 3 (42.9%)
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diagnosed at our institution [30], including 7.6% of TN and
12.9% of HER2 phenotypes, both of which were more com-
monly observed in symptomatic disease. In this study, we
found that women with the HER2 DCIS phenotype harbored
higher nuclear grade and necrosis, as well as more frequently
expressed p53 protein when compared to TN DCIS.

The association of nuclear grade with HER2+ or HER2
amplified DCIS has been previously reported [15, 36]. Van
Bockstal and colleagues [36] found that 63.0% of their HER2
amplified DCIS cases were high grade, compared to 22.0% of
non-HER2 amplified DCIS (p < 0.001). Similarly, Di Cesare
et al. [15] also reported a significant association between
HER2+ DCIS and high nuclear grade (p = 0.001). High nu-
clear grade has been well known as an indicator for poorer
prognosis, including higher risk for local recurrence and

progression to invasive disease compared to low nuclear grade
DCIS [15, 37–39]. Therefore, this suggests that patients with
HER2+ DCIS could be at a higher risk for recurrent disease.

Consistent with our findings regarding the presence of ne-
crosis, the same study by Van Bockstal [36] also found exten-
sive comedo necrosis to be independently associated with
HER2 amplified DCIS. As it is with high nuclear grade, ne-
crosis, especially comedo necrosis, is another factor that has
been found to correlate with an increased risk of local recur-
rence [39, 40], which therefore could hint at a poorer progno-
sis for these particular groups of patients.

On IHC, we found that a higher proportion of HER2+
DCIS expressed p53 compared to TN DCIS. Kaplan-Meier
analyses also revealed that younger women with DCIS har-
boring p53 protein expression displayed an independent risk

Table 5 Five-year and 10-year
invasive DFS rates DCIS phenotype 5-year invasive DFS 10-year invasive DFS

TN DCIS (N = 85) 72.9% 34.1%

HER2 positive DCIS (N = 145) 75.2% 27.6%

Fig. 3 Survival analysis in whole
series, TN series, and HER2
positive series. a In the whole
series, younger patients (age < 40)
had significantly poorer invasive
DFS than older patients.
Multivariate cox regression
analysis confirmed this finding
(p = 0.002, HR = 15.08, 95% CI
2.79–81.45). b In TN DCIS,
younger patients (age < 40) also
had significantly poorer invasive
DFS. This was also confirmed by
multivariate cox regression
analysis (p = 0.009, HR = 30.40,
95% CI 2.34–395.45). c In the
HER2 positive cohort, younger
patients (age < 40) disclosed a
trend for unfavorable invasive
DFS. d Also, in the HER2
positive DCIS series, younger
patients (age < 40) with p53
positivity had significantly poorer
prognosis (invasive DFS)
compared to other patients.
Multivariate cox regression
analysis affirmed this finding
(p = 0.011, HR = 23.48, 95% CI
2.08–264.83)
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of developing ipsilateral invasive disease among HER2 DCIS
cases. In line with our findings, a study investigating the ex-
pression of p53 in DCIS byKikuchi and colleagues [41] found
a significant association between the overexpression of p53
and HER2 positivity (p < 0.0001).

The p53 gene is well known to function as a tumor sup-
pressor, and aberrations in its expression have been implicated
in many cancers. Although wild-type p53 can diminish or
even eliminate the tumorigenic potential of normal cells, the
presence of excessive mutant p53 protein could hamper this
function. p53 protein abnormalities can exist at the in situ
phase and are present throughout the stages of breast cancer
progression from in situ to invasive disease and/or metastatic
disease [42]. Overexpression of p53 is also considered an
indicator of higher risk of recurrence in invasive breast
cancers [43, 44]. Recently, there has been renewed interest
in mutant p53 as a potential therapeutic target in cancer via
reactivation of wild-type transcriptional function of mutant
p53 or restoration of its native protein structure or activity
[45]. The p53 gene product regulates a wide range of biolog-
ical functions, including DNA repair, cell cycle progression,
differentiation, cell proliferation, and cell death [46, 47].
Studies of interactions and the prognostic value of the rela-
tionship between HER2 and p53 in DCIS lesions are poten-
tially attractive research areas as there are scant data
concerning the accumulation of mutant p53 protein in DCIS
lesions. Both HER2 and p53 protein expression can be rou-
tinely established in the laboratory for identification of high
risk patients with pure DCIS for appropriate treatment
strategies.

In our present study, we were unable to determine if
HER2+ or TN DCIS could better predict disease progression.
In our previous study, 870 (77.3%) DCIS cases were ER pos-
itive [30]. Among these, 27 (3.1%) had an ipsilateral invasive
recurrence. Although we were not able to establish any asso-
ciation between the different molecular types and recurrence
risk, the rate of ipsilateral invasive recurrence among luminal
DCIS (3.1%) was also comparable to non-luminal DCIS in
this study (3%, Table 4). The reasons are uncertain, and may
be related to sample size. However, we were able to demon-
strate that younger women (age < 40 years) with HER2+ or
TN DCIS in the entire cohort, as well as only among the TN
cases, disclosed poorer invasive DFS. Younger age has been
shown to be associated with a higher risk of local recurrence
for patients with DCIS [48, 49]. In Singapore, while the
National Breast Screening program targets women aged
50 years and above, it is to be noted that DCIS in younger
patients are more commonly symptomatic, and therefore more
aggressive with poorer prognosis [30].

In our series, 5-year invasive DFS rate in the TN cohort
was slightly lower than that of the HER2+ phenotype (72.9 vs
75.2% respectively). However, after 10 years of follow-up, the
difference in the invasive DFS rate of patients with HER2+

DCIS became greater when compared to that of patients with
TN DCIS (27.6 vs 34.1% respectively). This suggests that TN
DCIS appears to progress to invasive carcinoma at a faster rate
than HER2+ DCIS initially, but that in the long run, the pro-
portion of HER2+ DCIS that eventually upstages from in situ
to invasive carcinoma exceeds TN DCIS. In his review,
Kurbel [28] calculated the relative t1/2 durations (time needed
for 50.0% of DCIS to become invasive) using simulated prob-
abilities of tumor progression in a modeled population of
DCIS and invasive breast cancers and disclosed that TN
DCIS cases had the fastest tumor progression among all sub-
types. In fact, its rate of progression was three times that of
HER2+ tumors and nearly twice that of luminal A tumors.
However, it is to be noted that the number of cases that
progressed from DCIS to invasive carcinoma in our cohort
is very limited, and a larger cohort would be helpful in vali-
dating this finding.

Other studies have proposed that HER2 overexpression in
DCIS is of major importance for tumor progression toward
invasive cancer [12, 50, 51]. Roses et al. [50], Harada et al.
[51], and Liao et al. [12] all reported that HER2 overexpres-
sion or positivity was significantly associated with DCIS that
harbored invasive foci compared to DCIS without. This sug-
gests that HER2 overexpression could indicate or predict the
presence of invasive disease and potentially identify patients
at risk of developing invasive cancer.

Additionally, there were reports of HER2 overexpression
being associated with tumor cell migration, expression of
proangiogenic factors and cyclooxygenase-2 (COX-2), sug-
gesting a potentially significant role in inducing invasion, or
the elaboration of a stroma that supports tumor growth [52,
53]. All these factors favor the importance of recognizing
HER2+ DCIS as a high-risk factor.

In summary, our present study demonstrated that
HER2+ DCIS had more aggressive pathological character-
istics than TN DCIS. Younger women (age < 40 years)
have poorer invasive DFS and increased risk of upstaging
in the whole series as well as among TN cases. Younger
age together with p53 expression independently predicted
disease progression in HER2+ DCIS. Therefore, age at
diagnosis, HER2 overexpression, triple negativity, and ac-
cumulation of mutant p53 were all considered important in
identifying those at higher risk of developing invasive
cancer and tailoring the management of DCIS lesions.
Currently, there is no widely accepted molecular panel to
separate DCIS lesions into those with low risk or high
risk for subsequent development of recurrence, with or
without invasive progression. Our study may lend insights
into promising panels of markers for identifying high-risk
patients with DCIS.
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