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Abstract Breast cancer is the most common malignancy in

Singapore women. Ductal carcinoma in situ (DCIS) is the

putative, non-obligate precursor of the majority of invasive

breast cancers. The efficacy of the Singapore breast-screening

pilot project in detecting early stage breast cancer led to the

launch of a national breast-screening programme, BreastSc-

reen Singapore (BSS), in January 2002. In this study, we

compared clinicopathological and immunohistochemical

characteristics, as well as clinical outcomes, between screen-

detected and symptomatic DCIS. The study cohort comprised

1202 cases of DCIS diagnosed at Singapore General Hospital

from 1994 to 2010. Comparison of clinicopathological

parameters, immunohistochemical results of ER, PR, HER2,

CK14, EGFR, and 34bE12, and clinical outcomeswas carried

out between the 2 groups. Amongst 1202 cases, 610 (50.7 %)

were screen-detected and 592 (49.3 %) were symptomatic

DCIS. Screen-detected cases were smaller in size

(P\ 0.001), of lower nuclear grade (P = 0.004), and more

frequently expressed ER (P\ 0.001). Luminal A phenotype

wasmore frequently observed in screen-detectedDCIS, while

triple-negative and HER2 phenotypes were more common in

symptomatic DCIS (P\ 0.001). The basal-like phenotype

was also more frequent in symptomatic DCIS (P = 0.041).

Mean and median follow-up was 99.7 and 97.8 months,

respectively, with a maximum follow-up of 246.0 months.

More symptomatic patients developed invasive recurrences

compared to screen-detected patients (P = 0.001).A trend for

better disease-free survival was observed in screen-detected

patients (P = 0.076). Patients who were screen-detected

experienced better overall survival than those with symp-

tomatic DCIS (P = 0.007). Our data indicate a more

favourable outcome of screen-detected DCIS patients con-

firming the role of BSS in early identification of this

curable disease.
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Introduction

Ductal carcinoma in situ (DCIS) is a heterogeneous

entity composed of an intraductal malignant proliferation

of ductal epithelial cells in the breast [1]. It represents
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the early, noninvasive stage of breast cancer and is

reported to be the putative precursor to many invasive

breast carcinomas. Previously a relatively uncommon

disease with a pre-mammography incidence of less than

5 % [2], the incidence of DCIS today has risen markedly

due to mammographic breast screening. The United

States National Cancer Institute’s Surveillance, Epi-

demiology, and End Results (SEER) cancer statistics

review reported 63,846 (17.2 %) cases of DCIS out of a

total of 370,343 cases of breast cancers from 2008 to

2012 [3]. In Singapore, statistics from 2002 to 2007

showed that DCIS comprised 26 % of all breast cancers

detected during BreastScreen Singapore (BSS), a popu-

lation-based mammographic breast-screening programme

launched in January 2002 [4].

The marked increase in the incidence of DCIS after

the introduction of mammographic screening has led to

discussions regarding overdiagnosis [5, 6]. A study by

Coldman and Phillips [7] estimated overdiagnosis of

DCIS in a screening programme to be at 11.9 %.

Overdiagnosis refers to the detection of lesions that will

not become symptomatic or result in death during a

patient’s lifetime [6]. As there are currently no estab-

lished guidelines to determine which cases of DCIS will

remain indolent and which will progress to invasive

carcinoma, it is possible that many cases of DCIS are

potentially overtreated with surgery, radiation, and/or

adjuvant hormonal therapy [8].

Although these reports are concerned with overdiagno-

sis of DCIS, several studies have maintained the view that

it is a minor phenomenon [9–11] and that the benefits of

breast screening outweigh the risks of DCIS overdiagnosis

[12]. Yen et al. [13] estimated that 37 % of DCIS detected

at a prevalence screen and only 4 % at an incidence screen

would not progress, suggesting that the majority of DCIS

lesions are significant.

As symptomatic lesions have been known to carry a

poorer prognosis than screen-detected ones [14, 15], it is

worthwhile to ascertain the clinicopathological and

immunohistochemical differences as well as clinical out-

comes of screen-detected and symptomatic DCIS. A meta-

analysis of 6 studies that examined the association between

modes of DCIS detection and clinical outcomes described

an increased risk of local invasive recurrence in patients

whose DCIS was picked up symptomatically, compared to

those detected via mammography (HR = 1.38, 95 % CI

1.12–1.63) [16]

In this study, we endeavoured to establish the clinico-

pathological and immunohistochemical characteristics, as

well as clinical outcomes, of a large series of women

diagnosed with both screen-detected and symptomatic

DCIS in our institution.

Materials and methods

Patients and tumours

The study cohort comprised cases of DCIS diagnosed at the

Department of Pathology, Singapore General Hospital (SGH)

from 1994 to 2010. Institutional review board approval was

obtained for this study (CIRB Ref: 2010/610/F). All screen-

detected DCIS cases were derived from the database of the

Health Promotion Board. Mammographic findings were

recorded. As comparison, all cases of DCIS presenting

symptomatically over the same time period were similarly

reviewed and investigated. Clinical, radiological, and patho-

logical information was obtained from hospital records.

Histology slides for each case were retrieved and

reviewed. Histopathological parameters assessed included

tumour size, nuclear grade, necrosis, calcifications,

microinvasion, and the morphological subtype of DCIS.

Nuclear grade was categorised as low, intermediate, or

high based on the degree of nuclear pleomorphism [17].

Low-nuclear grade lesions were identified by their rela-

tively uniform nuclei; intermediate-nuclear grade lesions

had moderately enlarged vesicular and variably sized

nuclei; high-nuclear grade DCIS contained markedly

enlarged and pleomorphic nuclei, where mitoses could be

readily discerned [18]. Microinvasion was defined as the

presence of invasion not exceeding 1 mm in extent [17].

Morphological subtyping was classified into comedo,

cribriform, micropapillary, papillary, solid, and mixed

groups.

Immunohistochemistry

Archival formalin-fixed paraffin-embedded (FFPE) tissue

blocks were retrieved. Sections (4 lm thick) were cut from

the FFPE blocks and fished onto positively charged Bond

Plus glass slides (Leica Biosystems, Inc., Richmond, IL,

USA). This was followed by incubation in an oven over-

night at 80 �C to increase adhesion of the sections to the

slides. Immunohistochemistry (IHC) was performed using

antibodies to oestrogen receptor (ER), progesterone

receptor (PR), human epidermal growth factor receptor 2

(HER2), epidermal growth factor receptor (EGFR), and

cytokeratins (CK14 and 34bE12) according to previously

published protocol [19]. Details of the antibodies, dilution

factors, and antigen retrieval methods are provided in

Table 1. An appropriate positive control was run with each

batch of slides.

Nuclear reactivity for ER and PR, cytoplasmic mem-

brane decoration for HER2 and EGFR, and cytoplasmic

staining for CK14 and 34bE12 were assessed. The staining
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intensity and percentage of positively stained tumour cells

were recorded. The staining intensities were scored as 0,

1?, 2?, and 3?, denoting no staining, weak, moderate,

and strong staining, respectively [20]. For ER, PR, CK14,

EGFR, and 34bE12, a positive result was defined by the

presence of at least 1 % of tumour cells displaying positive

staining [21]. For HER2, positive expression was defined as

[10 % of tumour cells exhibiting 3? membrane staining

[22].

Molecular subtypes of DCIS were categorised based on

immunohistochemical surrogates as Luminal A (ER?, and/

or PR?, HER2-), Luminal B (ER?, and/or PR?,

HER2?), triple negative (ER-, PR-, HER2- and HER2

type (ER-, PR-, HER2?) [23]. Basal-like DCIS was

defined by positive staining of any of a tri-panel of CK14,

EGFR, and 34bE12 [20]. It is acknowledged that Ki-67 is

also used as a discriminant for Luminal A and Luminal B

molecular subtypes, but for the purposes of this study on

DCIS lesions, only ER, PR, and HER2 were applied.

Follow-up

Follow-up data were obtained from case notes. Recur-

rences included in situ and invasive local relapses and

distant metastases. Local recurrence was defined as the re-

occurrence of a tumour in the ipsilateral breast or on the

chest wall. Contralateral breast cancers (CBCs) were taken

into account in this study for a complete reflection of all

events that occurred. Distant metastasis referred to tumours

that occurred away from locoregional locations, in distant

sites. Disease-free survival (DFS) and overall survival (OS)

were defined as time from the date of diagnosis to the date

of recurrence or death, respectively, or to the date of last

follow-up [24].

Statistical analysis

Findings were analysed using SPSS for Windows, Version

18 (SPSS, Inc., Chicago, IL, USA). v2 and Fisher’s exact

tests were used to evaluate the relationship of

clinicopathological parameters between screen-detected

and symptomatic DCIS. Survival outcomes were estimated

using the Kaplan–Meier estimator and compared between

screen-detected and symptomatic DCIS groups using the

log-rank test. Cox proportional hazards models were used

to determine the effect of the two categories of DCIS on

survival outcomes. A P value of\ 0.05 defined statistical

significance.

Results

The study cohort comprised 1254 DCIS cases which were

diagnosed in the Department of Pathology, Singapore

General Hospital, from 1994 to 2010. Upon further review,

52 cases were excluded as they had a previous history of

invasive breast carcinoma, or had contained an invasive

component that was present in a prior specimen. Of the

final 1202 cases, 610 (50.7 %) were screen-detected and

592 (49.3 %) were symptomatic DCIS. Amongst the

symptomatic group, 540 (91.2 %) patients presented with a

breast lump, 44 (7.4 %) with nipple discharge, 3 (0.5 %)

with lump and nipple discharge, and 5 (0.9 %) with mas-

titis. Radiological findings showed calcifications in 515

(84.4 %) of the screen-detected cases, mass in 74 (12.1 %),

and both calcifications and mass in 21 (3.5 %) cases

(Fig. 1). Patients were treated with either breast-conserving

therapy or mastectomy. Adjuvant radiation therapy con-

sisting of whole-breast radiation delivered to 50 Gy fol-

lowed by a 10-Gy boost to the tumour bed was

administered for those who underwent breast conservation.

Of the screen-detected patients, 380 (62.3 %) underwent

breast-conserving therapy, compared to 310 (52.4 %) of

symptomatic patients. Two hundred and thirty (37.7 %)

screen-detected patients had mastectomy compared to 282

(47.6 %) symptomatic patients.

A comparison of the clinicopathological parameters

between screen-detected and symptomatic DCIS is shown

in Table 2 with morphological patterns of DCIS demon-

strated in Fig. 2. While immunohistochemical staining

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 pH9.0, 98 �C, 15 min

PR SP2 Thermo Scientific Lab Vision RM-9102-S 1:200 0.01 M Tris–EDTA pH9.0, 98 �C, 15 min

HER2 SP3 Thermo Scientific Lab Vision RM-9103-S 1:200 0.01 M Tris–EDTA pH9.0, 98 �C, 15 min

CK14 LL002 Leica Novocastra NCL-L-LL002 1:20 0.01 M Tris–EDTA pH9.0, 98 �C, 15 min

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

Cytokeratin high molecular

weight (CK HMW)

34bE12 DakoCytomation M0630 1:200 0.01M Tris–EDTA pH9.0, 98 �C, 15 min
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results (Fig. 3) and different molecular subtypes observed

in our cohort of DCIS lesions are presented in Table 3.

Follow-up ranged from 0.3 to 246.0 months (mean

99.7 months, median 97.8 months). There were 140

(11.6 %) recurrences. Of these, 69 (49.3 %) were in situ,

63 (45.0 %) invasive, and 8 (5.7 %) direct distant metas-

tases without a prior record of invasive locoregional

recurrence. A comparison of recurrence patterns between

the screen-detected and symptomatic groups is shown in

Table 4. We observed more cases of recurrence amongst

the symptomatic (14.2 %) than screen-detected (9.2 %)

patients (P = 0.001). The most common pattern of recur-

rence in the screen-detected population was ipsilateral

DCIS (3.3 %) and in the symptomatic population was

ipsilateral invasive ductal carcinoma (IDC) (4.3 %).

Patients who underwent mastectomy had a lower rate of

recurrence (1.9 %) than those who had breast-conserving

therapy (4.8 %). There were 15 (1.2 %) patients who

developed distant metastases; 10 were patients who pre-

sented symptomatically, and 5 were from the screen-de-

tected group. Of these 15 patients, 7 presented with

invasive locoregional recurrences prior to the metastatic

event, while 8 had no documented invasive locoregional

recurrences (direct metastasis). Details of the 8 patients

with direct metastasis are summarised in Table 5. There

was no significant association of clinicopathological

parameters and biomarkers with recurrence risk.

A total of 28 (2.3 %) patients died: 8 (0.7 %) were

breast cancer-specific deaths and the other 20 were due to

other causes, such as cardiac arrest, cervical cancer,

chronic renal failure, colon cancer, diabetes, gastric cancer,

laryngeal cancer, lung cancer, peritoneal malignancy, sar-

coma, septicaemia, and vaginal cancer. All 8 breast cancer-

specific deaths were from the symptomatic cohort. Of

these, 6 patients developed recurrences of IDC and in 5 of

them, metastasised and subsequently caused death. One

patient died from IDC with no documented metastasis,

while the remaining 2 patients developed distant metastasis

without a prior invasive locoregional recurrence. A sum-

mary of the breast cancer-specific deaths is presented in

Table 6.

A trend for better DFS (P = 0.076) was observed in

screen-detected patients. Patients who presented with DCIS

symptomatically disclosed poorer OS (P = 0.007) (Fig. 4).

DFS and OS rates at 5 and 10 years with the inclusion and

exclusion of contralateral events are summarised in

Table 7.

DFS and OS were also separately assessed with the

exclusion of microinvasive cases. There was no significant

change in both DFS and OS when these cases were

excluded.

Discussion

In this study, we observed a larger proportion of women

aged 50 years and above in the screen-detected group

compared to the symptomatic group, which was to be

expected as our national breast-screening programme is

targeted at women aged 50 years and above [25]. Younger

age at presentation has been associated with increased risk

of local recurrence [26, 27], although our study did not

reveal age as a factor for recurrence risk.

We noted that screen-detected DCIS cases were of

smaller size than those from the symptomatic group,

underscoring the efficacy of mammographic screening in

identifying smaller tumours, concordant with previous

studies [28, 29] where the median tumour size of screen-

detected DCIS was also smaller than that of symptomatic

lesions.

Fig. 1 Radiological images of a pleomorphic calcifications, b mass and calcifications
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A higher proportion of low-nuclear grade DCIS was

noted in screen-detected than symptomatic groups, a find-

ing which differs from previous studies [28–31] that

observed no significant difference in tumour grades

between screen-detected and symptomatic cases. Low-nu-

clear grade DCIS is biologically less aggressive than high-

nuclear grade DCIS, but it is also not entirely innocuous.

Page et al. [32, 33] and Sanders et al. [34] documented that

Table 2 Comparison of clinicopathological parameters between screen-detected DCIS and symptomatic DCIS

Clinicopathological parameters Total (n = 1202) Screen-detected DCIS (n = 610) Symptomatic DCIS (n = 592) P value

Age (years) Mean 52, median 51,

range 20–90

Mean 52, median 51,

range 26–83

Mean 52, median 50,

range 20–90

\50 years 535 (44.5 %) 244 (40.0 %) 291 (49.2 %) 0.001*

C50 years 667 (55.5 %) 366 (60.0 %) 301 (50.8 %)

Ethnicity

Chinese 1075 (89.4 %) 566 (92.8 %) 509 (86.0 %) 0.002*

Malay 46 (3.8 %) 13 (2.1 %) 33 (5.6 %)

Indian 32 (2.7 %) 13 (2.1 %) 19 (3.2 %)

Others 49 (4.1 %) 18 (3.0 %) 31 (5.2 %)

Laterality

Left 616 (51.2 %) 305 (50.0 %) 311 (52.5 %) 0.352

Right 570 (47.4 %) 296 (48.5 %) 274 (46.3 %)

Bilateral 16 (1.3 %) 9 (1.5 %) 7 (1.2 %)

Size (mm) Mean 19, median 15,

range 2–125

Mean 15, median 10,

range 2–125

Mean 23, median 19,

range 2–120

B20 832 (69.2 %) 478 (78.4 %) 354 (59.8 %) \0.001*

[20 370 (30.8 %) 132 (21.6 %) 238 (40.2 %)

Nuclear gradea

Low 234 (19.6 %) 140 (23.0 %) 94 (16.0 %) 0.004*

Intermediate 467 (39.1 %) 234 (38.4 %) 233 (39.8 %)

High 494 (41.3 %) 235 (38.6 %) 259 (44.2 %)

Necrosis

Absent 399 (33.2 %) 214 (35.1 %) 185 (31.3 %) 0.159

Present 803 (66.8 %) 396 (64.9 %) 407 (68.7 %)

Calcifications

Absent 332 (27.6 %) 81 (13.3 %) 251 (42.4 %) \0.001*

Present 870 (72.4 %) 529 (86.7 %) 341 (57.6 %)

Microinvasion

Absent 1135 (94.4 %) 580 (95.1 %) 555 (93.7 %) 0.315

Present 67 (5.6 %) 30 (4.9 %) 37 (6.3 %)

DCIS pattern

Comedo 106 (8.8 %) 47 (7.7 %) 59 (10.0 %) 0.616

Cribriform 164 (13.6 %) 106 (17.4 %) 58 (9.8 %)

Papillary 65 (5.4 %) 17 (2.8 %) 48 (8.1 %)

Solid 55 (4.6 %) 32 (5.2 %) 23 (3.9 %)

Micropapillary 4 (0.3 %) 1 (0.2 %) 3 (0.5 %)

Mixed 808 (67.2 %) 407 (66.7 %) 401 (67.7 %)

Focality

Unifocal 1074 (89.4 %) 536 (87.9 %) 538 (90.9 %) 0.091

Multifocal 128 (10.6 %) 74 (12.1 %) 54 (9.1 %)

a There were 7 cases not available for nuclear grade

* Statistical significance
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Fig. 3 Immunohistochemical expression of biomarkers in DCIS: a ER, b PR, c HER2, d CK14, e EGFR, f 34bE12

Fig. 2 Patterns of DCIS: a comedo, b cribriform, c papillary, d solid, e micropapillary, f mixed
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Table 3 Comparison of immunohistochemical results and molecular subtypes between screen-detected and symptomatic DCIS

Antibodies Total (n = 1202) Screen-detected

DCIS (n = 610)

Symptomatic DCIS

(n = 592)

P value

ERa

Negative 255 (22.7 %) 103 (17.9 %) 152 (27.7 %) \0.001*

Positive 870 (77.3 %) 474 (82.1 %) 396 (72.3 %)

PRa

Negative 390 (34.6 %) 191 (33.0 %) 199 (36.3 %) 0.175

Positive 736 (65.4 %) 387 (67.0 %) 349 (63.7 %)

HER2a

Negative 908 (80.6 %) 477 (82.5 %) 431 (78.6 %) 0.073

Positive 218 (19.4 %) 101 (17.5 %) 117 (21.4 %)

CK14a

Negative 1045 (93.1 %) 537 (93.1 %) 508 (93.0 %) 0.986

Positive 78 (6.9 %) 40 (6.9 %) 38 (7.0 %)

EGFRa

Negative 1085 (96.6 %) 563 (97.6 %) 522 (95.6 %) 0.068

Positive 38 (3.4 %) 14 (2.4 %) 24 (4.4 %)

34bE12a

Negative 755 (67.4 %) 403 (70.0 %) 352 (64.7 %) 0.061

Positive 365 (32.6 %) 173 (30.0 %) 192 (35.3 %)

Molecular subtypesb

Luminal A 798 (70.9 %) 440 (76.3 %) 358 (65.3 %) \0.001*

Luminal B 72 (6.4 %) 34 (5.9 %) 38 (6.9 %)

Triple-negative 85 (7.6 %) 28 (4.9 %) 57 (10.4 %)

HER2 145 (12.9 %) 66 (11.4 %) 79 (14.4 %)

Unclassified 25 (2.2 %) 9 (1.5 %) 16 (3.0 %)

Basal-like phenotypeb

Absent 709 (63.6 %) 383 (66.5 %) 326 (60.6 %) 0.041*

Present 405 (36.4 %) 193 (33.5 %) 212 (39.4 %)

* Statistical significance
a There were 77 cases unavailable for ER, 76 for PR and HER2, 79 for CK14 and EGFR, and 82 for 34bE12
b There were 77 cases unavailable for molecular subtyping, and 88 unavailable for basal-like classification

Table 4 Comparison of recurrence patterns between screen-detected DCIS and symptomatic DCIS

Recurrence pattern Total (n = 1202) Screen-detected DCIS (n = 610) Symptomatic DCIS (n = 592) P value

No recurrence 1062 (88.3 %) 554 (90.8 %) 508 (85.8 %) 0.001*

Ipsilateral DCIS 36 (3.0 %) 20 (3.3 %) 16 (2.7 %)

Ipsilateral IDC 35 (2.9 %) 10 (1.6 %) 25 (4.3 %)

Contralateral DCIS 32 (2.7 %) 14 (2.3 %) 18 (3.0 %)

Contralateral IDC 27 (2.2 %) 9 (1.5 %) 18 (3.0 %)

Bilateral DCIS 1 (0.1 %) 1 (0.2 %) 0 (0.0 %)

Bilateral IDC 1 (0.1 %) 0 (0.0 %) 1 (0.2 %)

Direct metastasis 8 (0.7 %) 2 (0.3 %) 6 (1.0 %)

* Statistical significance
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39.0 % of patients with low-grade noncomedo DCIS who

underwent only a diagnostic biopsy procedure, developed

invasive recurrences over a follow-up period of 46 years.

Of these patients, 45.0 % subsequently died from

metastatic disease. Progression of DCIS to invasive disease

reported in other follow-up studies [35, 36] of untreated

low-grade DCIS (previously misdiagnosed as benign breast

disease) ranged from 14.0 to 75.0 % of patients,

Table 5 Details of cases with direct metastasis, without prior documented locoregional recurrence

Patient Screen-detected/

Symptomatic

Distant Metastasis DCIS

Size

(mm)

DCIS

nuclear

grade

Necrosis Calcifications Microinvasion DCIS

Pattern

1 Symptomatic Lung (R)a 20 N/Ab Absent Absent Absent Cribriform

2 Symptomatic Bone (R), liver (R and H) 30 Intermediate Present Absent Present Papillary

3 Screen-detected Bone (R and H) 13 Low Absent Absent Present Mixed

4 Symptomatic Brain (R and H) 25 High Present Present Present Mixed

5 Screen-detected Liver (R and H) 35 High Present Present Absent Mixed

6 Symptomatic Bone, brain, lung (R), lymph

nodes (R and H)

45 High Present Absent Absent Mixed

7 Symptomatic Bone (R and H) 12 High Absent Absent Absent Mixed

8 Symptomatic Bone (R and H), Liver (R) 55 Intermediate Absent Present Absent Papillary

a (R) denotes radiology diagnoses, and (H) denotes diagnoses that were histologically confirmed
b Information not available

Table 6 Details of breast

cancer-specific deaths
Patient Primary diagnosis Locoregional recurrence Distant metastasis

1 DCIS (Right) IDC (Right) Bone

2 DCIS (Right) IDC (Left) Bone and parietal pleura

3 DCIS (Left) IDC (Right) Bone, lung, and lymph nodes

4 DCIS (Left) IDC (Left) –

5 DCIS (Left) – Brain, bone, liver, and lymph nodes

6 DCIS (Left) IDC (Left) Brain

7 DCIS (Left) – Bone and liver

8 DCIS (Right) IDC (Right) Brain, bone, and lung

Fig. 4 a Patients with

symptomatic DCIS displayed a

trend for poorer disease-free

survival. b Screen-detected

patients displayed a better

overall survival compared to

symptomatic patients
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reinforcing the fact that low-grade DCIS left undetected

and untreated can develop into invasive carcinoma. A

prospective study by Wong et al. [37] concluded that the

rate of local recurrence was substantially high at an esti-

mated 5-year rate of 12.0 % when cases of small-, low-, or

intermediate-grade DCIS were treated only with wide

excision, even though margins were C1 cm. These findings

suggest that untreated low-grade DCIS has a substantial

risk of developing into invasive breast carcinoma, and this

risk is enhanced in high-grade DCIS.

Even though screen-detected DCIS has a significantly

higher proportion of low-nuclear grade tumours than

symptomatic ones, it is noteworthy that intermediate- and

high-nuclear grade DCIS constituted a significant propor-

tion of this screen-detected group, with 234 (38.4 %) and

235 (38.5 %) cases, respectively. High-grade DCIS is

known to be a biologically aggressive subgroup of DCIS,

associated with progression to high-grade invasive carci-

noma [30] and higher rates of recurrence [38, 39].

Approximately half of these recurrent lesions have invasive

carcinoma, and the grade of the invasive carcinoma is

strongly associated with the grade of the original DCIS

[30]. Even though no statistically significant difference was

observed in the comparison of tumour grade between

screen-detected and symptomatic DCIS in previous studies

[28–31], a similar trend of high-grade DCIS predominance

was observed in both the groups. In our study, however,

tumour grade as a whole was not significantly associated

with risk of recurrence.

Calcifications were largely observed in our cohort of

screen-detected DCIS compared to symptomatic DCIS.

This is not surprising because calcifications are readily

picked up on screening mammography and is the most

common mammographic feature of DCIS [40]. Our results

are in concordance with findings by Ma et al. [29], where

63.2 % of their screen-detected DCIS showed microcalci-

fications, compared to only 12.5 % of the symptomatic

DCIS. The same study also showed that high-grade DCIS

is more likely to display abnormal microcalcifications

compared to low- and intermediate-grade DCIS.

We report a higher rate of ER positivity in the screen-

detected group compared to the symptomatic group. This is

in agreement with findings from Barnes et al. [28] where

the screen-detected group had 86.0 % ER positivity com-

pared to 72.0 % in the symptomatic group. Studies [41–43]

have shown ER negativity to be associated with a higher

risk of local recurrence. However, none of the biomarkers

in our study were significantly associated with recurrence

risk. In line with the higher proportion of ER positive

screen-detected cases, the luminal A phenotype was more

frequent in the same group as well. The luminal A phe-

notype has also been associated with a lower risk of

recurrence [44].

Triple-negative and HER2 subtypes were more common

in the symptomatic group. The rate of triple-negative DCIS

in our study was noted to be at 7.1 %, which does not differ

greatly from the findings of Clark et al. [45] and Zhou et al.

[46], whose documented rates of triple-negative DCIS were

7.5 and 7.8 %, respectively. We observed a higher pro-

portion of triple-negative DCIS subtype in the symptomatic

group compared to the screen-detected group. According to

Zhou et al., the risk of recurrence for triple-negative DCIS

was significantly higher amongst all the molecular sub-

types after a follow-up period of 10 years [47]. Triple-

negative DCIS has been found to be associated with triple-

negative invasive breast cancer, and is likely to be the

precursor lesion [19]. The same study found that 97.9 % of

DCIS associated with triple-negative invasive breast cancer

were also triple negative, suggesting that its higher

occurrence amongst our cases of symptomatic DCIS may

implicate aggressive behaviour of invasive recurrences.

HER2 status has been known to be associated with a

higher risk of recurrence [47]. Although HER2 status showed

no significant difference between our screen-detected and

symptomatic groups, we observed the HER2 phenotype to be

slightly more frequent in symptomatic DCIS than in screen-

detected DCIS. Amongst the 4 molecular subtypes, the

HER2? ER- phenotype has been associated with the

highest risk of local recurrence during the first 10 years,

although the difference was not statistically significant [47].

Table 7 Five- and ten-year rates of DFS and OS

All recurrences Excluding contralateral events

Screen-detected DCIS (%) Symptomatic DCIS (%) Screen-detected DCIS (%) Symptomatic DCIS (%)

5-year DFS 94.2 92.3 96.5 95.5

10-year DFS 91.6 88.6 92.9 92.8

5-year OS 100 99.1 100 99.1

10-year OS 100 97.8 100 97.8
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Of our cohort of DCIS, 33.7 % were identified to be

basal-like. This differs from the reported rates of basal-like

DCIS from studies by Livasy et al. [48] at 8.0 %, Zhou

et al. [46] at 8.2 %, and Clark et al. [45] at 4.2 %. This

difference may be due to the higher sensitivity of 34bE12,
which targets 4 cytokeratins (CK1, 5, 10, and 14). If we

were to look at CK14 and EGFR individually, the rates of

basal-like DCIS would be 6.5 % and 3.1 %, respectively.

Similar to triple-negative DCIS, basal-like DCIS is

believed to be the precursor lesion to basal-like invasive

breast carcinoma. Dabbs et al. [49] reported that DCIS

present along with basal-like invasive breast carcinoma

displayed the same immunophenotype as their invasive

counterpart. There were slightly more cases of symp-

tomatic DCIS with the basal-like phenotype than screen-

detected DCIS in our study, thereby potentially portending

a poorer prognosis for the symptomatic cohort.

Including contralateral events and direct metastases, the

overall rate of recurrence for our cohort of patients is

11.6 %, with a median follow-up period of 97.8 months

and a mean of 99.7 months. This rate of recurrence is

comparable to a study by Sprague et al. [50], who disclosed

an 8.5 % rate of recurrence (including contralateral events)

with a slightly shorter mean follow-up period of

85.2 months. If contralateral events were excluded, the rate

of recurrence in our series would be 6.7 %. This is rela-

tively low compared to other studies such as Kong et al.

[27], who reported a 13.0 % rate of local recurrence after

breast-conserving surgery and radiotherapy with a median

follow-up of 120.0 months, and Bijker et al. [26], who

recorded a 16.0 % rate of local recurrence after breast-

conserving surgery with or without radiotherapy with a

median follow-up of 64.8 months. This difference in rates

of recurrence is likely due to the inclusion of patients who

underwent mastectomy in our study.

Excluding contralateral events, the rates of recurrence at

5 and 10 years were 3.5 % and 7.1 % (screen-detected

patients), and 4.5 % and 7.2 % (symptomatic patients),

respectively. This is slightly higher compared to the 5 and

10 year recurrence rates (2.3 % and 4.2 %) of a previous

study by Wong et al. [51] because their study focused on

low-risk DCIS comprising low- to intermediate-grade

lesions (size range 3–25 mm) and high-grade lesions (size

range 3–10 mm) with margins C3 mm.

Distant metastasis after a diagnosis of DCIS is a phe-

nomenon that has been encountered. DCIS is, by definition,

not invasive and therefore theoretically unable to metastasise

to regional lymph nodes [52]. Roses et al. [53] documented a

distant metastases rate of 1.0 % after an initial diagnosis of

pure DCIS, where some of the patients also had no prior

invasive locoregional recurrences. Donker et al. [15] also

disclosed 3.2 % of direct distant metastasis in their study

cohort. A likely explanation for this occurrence could be due

to unsampled invasive foci. In our study, of the 8 patients

with distant metastasis but no prior invasive locoregional

recurrences, 3 had DCIS with microinvasion. Tumour size

of DCIS has been suggested to be a vital predictive factor for

occult invasion [18]. Of the 8 cases of direct metastasis, 6

had tumour sizes C20 mm. Progression from DCIS to

metastasis is an indication of aggressive biological beha-

viour [53]. In our patients with direct distant metastasis, only

2 were from the screen-detected group, while the rest were

symptomatic cases, suggesting that symptomatic DCIS is

more likely to recur and even potentially metastasise.

Breast cancer-specific mortality in this study was 0.7 %

and all were from the symptomatic group of patients. This

is relatively low compared to other studies by Donker et al.

[15] who disclosed a breast cancer-related death rate of

4.6 %, and Ernster et al. [54] with a documented breast

cancer-related death rate of 2.1 %. Of the breast cancer-

related deaths in this study by Ernster et al., 4.2 % were

diagnosed in 1978–1983, where breast screening was

uncommon, while 1.5 % was diagnosed during 1984–1989

after mammography became increasingly commonplace.

This concurs with our study where screen-detected patients

displayed better OS compared to symptomatic patients.

The exclusion of microinvasive DCIS in this study had

no significant impact on DFS and OS. This is in agreement

with studies showing that DCIS with microinvasion gen-

erally carries a good prognosis [55], and that there is no

significant difference between DCIS and DCIS with

microinvasion with regard to clinical outcomes, thereby

supporting a similar therapeutic approach [39, 56].

In conclusion, we demonstrated that screen-detected

DCIS lesions were smaller, of lower nuclear grade, and

more frequently ER positive compared to symptomatic

DCIS. Nevertheless, these favourable features cannot be

equated to indolent insignificant disease, since a significant

proportion of screen-detected lesions are intermediate- and

high-nuclear grade. Triple-negative, HER2, and basal-like

phenotypes were more common in symptomatic DCIS than

screen detected. Patients who were screen-detected showed

better OS and a trend of better DFS over the duration of

follow-up achieved in this study, affirming the role of

breast screening in the early identification of this disease.
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