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High EZH2 expression in ductal carcinoma in situ diagnosed on breast core 
needle biopsy is an independent predictive factor for upgrade on 
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A B S T R A C T   

Purpose: Approximately 25 % of DCIS diagnosed on breast core needle biopsy (CNB) is upgraded to invasive 
carcinoma on surgical excision. Risk factors to predict the upgrade on excision are not well established, leading 
many patients to be over or under-treated. EZH2 was shown to be associated with aggressive behavior of cancer 
from many sites, including breast cancer. We aimed to analyze EZH2 expression and tumor infiltrating lym-
phocytes (TILs) in DCIS as predictive factors for an upgrade on excision. 
Methods: We assessed EZH2 expression in 34 DCIS cases diagnosed on CNB and upgraded to invasive carcinoma 
on excision. Then, we compared these cases with 60 control cases that were not upgraded on excision. A staining 
score for DCIS (0–12) was obtained by multiplying the staining intensity (0–3) and the percentage of positive 
cells (1–4). The nuclear staining score ≥6 was considered as ‘high’ expression. 
Results: 46 of 94 (49 %) DCIS on CNB showed high EZH2 expression. EZH2 expression was directly correlated 
with TILs density, nuclear grade, HER2 expression, Ki-67 index and negative ER status. On univariate analysis, 
upgrade on excision was associated with high EZH2 expression, high TILs density, negative ER status and high Ki- 
67 index. Multivariate analysis revealed the high EZH2 expression as the only independent predictive factor for 
upgrade on excision. 
Conclusions: Our study revealed the high EZH2 expression as the only independent predictive factor for an up-
grade on excision. Future studies should focus on the evaluation of EZH2 expression in tumor-microenvironment 
interaction in terms of diagnostic, treatment and prognostic purposes.   

1. Introduction 

Ductal carcinoma in situ (DCIS) is a pre-invasive neoplastic lesion of 
the breast that is most commonly detected as microcalcifications on 
screening mammography [1]. To prevent the progression of DCIS to 
invasive carcinoma, the current guidelines recommend 
breast-conserving surgery or mastectomy with or without radiotherapy 
or endocrine therapy for the treatment of DCIS diagnosed on core needle 
biopsy [CNB] [2,3]. However, the concept of overtreatment has been 
brought up for discussion for some cases of DCIS detected during 
screening and would probably not possess any clinical significance or 
progress to invasive carcinoma [4–7]. Currently, several clinical trials 
evaluate the role of active surveillance for the treatment of women with 

low-risk DCIS [8]. One of the most important challenges for the option of 
active surveillance is the risk of underestimation of invasive carcinoma 
at the time of DCIS diagnosis on CNB. Given the fact that there are 
(certain) differences between DCIS and invasive carcinoma in terms of 
treatment and prognosis, underestimating an invasive carcinoma might 
not only lead to a woman living with invasive carcinoma of the breast in 
the active surveillance setting but also put her on the risk of having 
additional procedure/surgery and further psychosocial and financial 
stress if it is initially treated as DCIS. Moreover, a recent published 
computational risk analysis showed that underestimation of invasive 
carcinoma at the time of DCIS diagnosis revealed the greatest risk for 
disease-specific cumulative mortality with the active surveillance 
setting [9]. 
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The upgrade rate on surgical excision of DCIS diagnosed on CNB has 
been extensively explored and reported to be between 0% and 59 % in 
previous studies. (10) Also, many clinicopathologic characteristics have 
been documented as risk factors for an upgrade, such as younger age, 
mass-forming lesion, higher nuclear grade, necrosis, and negative re-
ceptor status [10–12]. However, none of these characteristics show 
enough evidence to justify more aggressive treatment. Therefore, new 
markers that can predict more precisely which DCIS is likely to be 
upgraded need to be explored. 

Enhancer of zeste homolog 2 (EZH2) is a catalytic core protein in the 
polycomb repressive complex 2, which is involved in cell cycle regula-
tion and oncogenesis. Overexpression of EZH2 has been demonstrated in 
various cancer types such as prostate, bladder, colon, breast, and lung 
[13]. In the breast, high EZH2 expression in benign breast tissue is 
associated with an increased risk of subsequent breast cancer. (14) Be-
sides, high EZH2 expression in breast cancer tissue is associated with 
triple-negative breast cancer subtype, invasion, metastasis, and aggres-
sive behavior [14–17]. It was also reported that EZH2 expression pro-
gressively increased from benign apocrine lesions to malignant ones 
[18]. However, EZH2 expression in DCIS has been studied in very few 
studies in which high expression has been shown to be a risk factor for 
ipsilateral breast lesion and DCIS recurrence [19]. Therefore, the role of 
EZH2 expression in DCIS needs to be further explored. 

Tumor-infiltrating lymphocytes (TILs) are one of the key components 
of the tumor microenvironment and have a complex role in both tumor 
progression and suppression [20]. TILs have been studied in invasive 
breast cancer and reported to be an independent predictive and prog-
nostic factor, mainly in triple-negative and HER2+ tumors [21]. Many 
recent studies have also focused on the role of TILs in DCIS and shown a 
direct correlation with larger tumor size, high nuclear grade, necrosis, 
hormone receptor negativity as well as worse prognosis [22–25]. 
However, the role of TILs density in differentiating DCIS with upgrade 
from those without upgrade has not been previously explored. 

In this study, we aimed to evaluate the significance of EZH2 
expression in DCIS and TILs density on CNB to predict the upgrade to 
invasive ductal carcinoma on surgical excision. 

2. Methods 

2.1. Study population 

After receiving approval from the Northwell Health Institutional 
Review Board (19− 0886), the Lenox Hill Hospital Pathology Depart-
ment database was searched for women diagnosed with DCIS on CNB 
and underwent a subsequent breast surgery at our hospital. Thirty-four 
consecutive patients who upgraded to invasive ductal carcinoma on 
subsequent surgical excision were selected in chronological order be-
tween 2013 and 2019, and included in the study. For each patient, one 
or two control patients who did not upgrade to invasive carcinoma on 
surgical excision were selected by using the same selection method. The 
matching was performed based on nuclear grade and central necrosis 

since both of these two histologic features have been shown to be the 
predictive factors for an upgrade in previous studies [12,13]. Electronic 
medical records were analyzed for clinical (age at diagnosis, and per-
sonal and family history of breast cancer) and radiologic information 
(mode of biopsy {stereotactic, ultrasound-guided, or MRI-guided} and 
radiologic target {mass, calcifications, asymmetry, architectural 
distortion, or non-mass enhancement}) and radiologic target size. Cases 
with a radiologic-pathologic discordance and patients with a personal 
history of breast cancer in the same quadrant of ipsilateral breast were 
excluded from the study. The final study population consisted of 94 
patients, 34 with an upgrade and 60 without upgrade. 

2.2. Histology 

All of the CNBs, surgical and axillary lymph node (if present) spec-
imen slides were re-reviewed to confirm the original diagnosis. The 
following characteristics were noted on CNB slides; the size of DCIS, 
predominant architectural pattern (solid, cribriform, micropapillary, 
flat or papillary), nuclear grade (non-high vs. high), central necrosis and 
microcalcifications associated with DCIS. The DCIS size was obtained by 
measuring the largest group of involved ducts on a single core. The 
number of cores involved by DCIS was also calculated. 

Tumor-infiltrating lymphocytes (TILs) were counted and assessed on 

Fig. 1. Representative images of DCIS-associated tumor-infiltrating lymphocytes. 
A: DCIS with low TILs density, B: DCIS with moderate TILs density, C: DCIS with high TILs density. 

Table 1 
Comparison of clinical and radiologic characteristics of the patients with up-
grade and no upgrade.  

Characteristics Upgrade No-upgrade   
N (%) N (%) p value 

Age (years)    
Median 57 (50− 68) 62 (50− 73) 0.28 
<50 7 (21) 13 (22) 0.90 
⩾50 27 (79) 47 (78)  

PHBC    
Yes 11 (32) 21 (35) 0.80 
No 23 (68) 39 (65)  

FHBC    
Yes 5 (15) 16 (27) 0.18 
No 29 (85) 44 (73)  

Mode of CNB    
Stereotactic 13 (38) 36 (60) 0.13 
US-guided 10 (29) 12 (20)  
MRI-guided 11 (33) 12 (20)  

Rad. target    
Calc. 14 (41) 36 (60) 0.12 
Mass 13 (38) 19 (32)  
NME 7 (21) 5 (8)  

Rad. size    
Median 11 (6− 25) 11 (5− 21) 0.44 
< 20 mm 22 (65) 43 (72) 0.48 
⩾20 mm 12 (35) 17 (28)  

Abbreviations: PHBC; Personal history of breast cancer, FHBC; family history of 
breast cancer, CNB; core needle biopsy, US; ultrasound, MRI; magnetic reso-
nance imaging, Rad.; radiologic, Calc.; calcifications, NME; non-mass 
enhancement. 
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CNB as described by the International Working Group previously [26]. 
The percentage of the specialized stromal area (within two high power 
fields (400x) around DCIS that was covered by lymphocytes and plasma 
cells was calculated for each DCIS focus on the representative CNB slide, 
and then the mean percentage was used for final categorization. Two 
reviewers, one was blinded to the upgrade groups, scored the TILs 
percentage and categorized the cases as “low” (<10 %), “moderate” 
(10–49 %) and “high” (>49 %). (Fig. 1) When there was disagreement 
between two reviewers, a third reviewer was consulted for final 
categorization. 

2.3. Immunohistochemistry 

Immunohistochemistry (IHC) staining was performed on formalin- 
fixed paraffin-embedded tissue sections by using an automated slide 
stainer (Roche Ventana BenchMark ULTRA). Estrogen receptor (SP1, 
monoclonal, Roche), progesterone receptor (1E2, monoclonal, Roche) 
and HER2 (4B5, monoclonal, Roche) expression were interpreted based 
on previously published ASCO/CAP guidelines [27,28]. Ki-67 (30− 9, 
monoclonal, Roche) proliferation index was classified as “high” (≥14 %) 
and “low” (<14 %). [29,30]. The molecular subtype of DCIS was 

categorized as; Luminal A (ER + and/or PgR+, HER2– and Ki-67 < 14 
%), luminal B (ER + and/or PgR+, and either HER2+ or HER2– with 
Ki-67 ≥ 14 %), HER2 positive (ER–, PgR– and HER+) or triple-negative 
(ER–, PgR– and HER2–). 

EZH2 (11, monoclonal, Cell Marque) expression in DCIS was evalu-
ated semi-quantitatively to obtain a staining score (0–12) by multiplying 
the nuclear staining intensity (0 – no staining, 1 – weak, 2 – moderate 
and 3 – strong) and the percentage of positive cells (0 – <1%, 1 – 1 %–24 
%, 2 – 25 %–49 %, 3 – 50 %–74 % and 4 – >74 %). After that, the cases 
were grouped as 1+ (score 0), 2+ (score 1–2), 3+ (score 3–4), 4+ (score 
6–8), and 5+ (score 9–12). For statistical purposes, as previously 
demonstrated, scores of 1+, 2+ and 3+ were defined as “low” expres-
sion and 4+ and 5+ were defined as “high” expression [31,32]. Tonsillar 
tissue was used as a positive control on every cycle of staining. 

2.4. Statistical analyses 

All statistical analyses were performed using IBM SPSS Statistics, 
V25. The categorical variables were reported as number and percentage, 
and the continuous variables were reported as median and 25th-75th 
percentiles. The Chi-square and Fischer’s exact tests were used to 

Table 2 
Comparison of pathologic characteristics of DCIS with upgrade and no upgrade.  

Characteristics Total Upgrade No upgrade Univariate Multivariate   
N (%) N (%) N (%) p value p value OR (95 % CI) 

Predominant pattern       
Solid 48 (51) 23 (68) 25 (42) 0.107 – – 
Cribriform 29 (31) 6 (17) 23 (38)    
Micropapillary 8 (9) 3 (9) 5 (8)    
Flat 6 (6) 2 (6) 4 (7)    
Papillary 3 (3) 0 (0) 3 (5)    

Nuclear grade       
Non-high 25 (27) 7 (21) 18 (30) 0.321 – – 
High 69 (73) 27 (79) 42 (70)    

Central necrosis       
Present 65 (69) 25 (74) 40 (67) 0.489 – – 
Absent 29 (31) 9 (26) 20 (33)    

Microcalcification       
Present 63 (67) 19 (56) 44 (73) 0.084 – – 
Absent 31 (33) 15 (44) 16 (27)    

Size (mm)       
Median (25th-75th) 4 (2− 5) 4 (2− 5) 5 (2− 5) 0.816   

No. of cores inv. DCIS       
Median (25th-75th) 2 (1− 3) 2 (1− 3) 2 (1− 2) 0.545 – – 

TILs       
Low 53 (56) 12 (35) 41 (68) <0.001 0.213 1.1 (0.3− 3.9) 
Moderate 29 (31) 12 (35) 17 (28)    
High 12 (13) 10 (30) 2 (4)    

ER       
Positive 68 (72) 19 (56) 49 (82) 0.007 0.318 0.6 (0.1− 3.2) 
Negative 26 (28) 15 (44) 11 (18)    

HER2       
Positive 34 (36) 16 (47) 18 (30) 0.098 – – 
Negative 60 (64) 18 (53) 42 (70)    

Ki-67       
<14 % 39 (41) 6 (18) 33 (55) <0.001 0621 2.5 (0.3− 3.9) 
⩾14 % 55 (59) 28 (82) 27 (45)    

Subtype       
Luminal A 30 (32) 5 (15) 25 (42) 0.010 0.613 0.3 (0.1− 2.6) 
Luminal B 37 (39) 13 (38) 24 (40)    
HER2+ 16 (17) 9 (26) 7 (12)    
Triple-negative 11 (12) 7 (21) 4 (6)    

EZH2-DCIS       
Median (25th-75th) 6 (3− 8) 8 (6− 12) 4 (2− 6) <0.001 – – 
High 46 (49) 29 (85) 17 (28) <0.001 <0.001 14.7 (4.9–44.2) 
Low 48 (51) 5 (15) 43 (72)    

SLNB       
Positive 8 (14) 8 (25) 0 (0) 0.006 – – 
Negative 51 (86) 24 (75) 27 (100)    

Abbreviations: TIL; tumor infiltrating lymphocytes, ER; estrogen receptor, DCIS; ductal carcinoma in situ, SLNB; sentinel lymph node biopsy, No.; number, inv.; 
involved by. 
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compare the categorical variables, and the Mann-Whitney U and 
Kruskal-Wallis tests were used to compare the continuous variables. The 
statistically significant variables for the upgrade were then analyzed in a 
binary logistic regression model. The odds ratios and associated confi-
dence intervals were also reported. Inter-rater reliability for the TILs 
density as a categorical variable (low, moderate, high) was analyzed by 
calculating Cohen’s kappa coefficient. A two-sided p-value <0.05 was 
considered statistically significant. For post-hoc testing to adjust for 
multiple comparisons, a Bonferroni-corrected p-value was calculated by 
dividing the original alpha value by the number of analyses. 

3. Results 

3.1. Clinical, radiologic and histologic characteristics 

The median age of the patients was 57 years (50− 68 years). Thirty- 
two (34 %) patients had a personal history of breast cancer and 21 (22 
%) patients had a family history of breast cancer. Approximately half of 
the radiologic targets and mode of CNB were calcifications and stereo-
tactic, respectively. (Table 1) The median size of radiologic lesions was 
11 mm in both upgrade and non-upgrade groups. There was no statis-
tically significant difference in clinical and radiologic characteristics 
between the upgrade and non-upgrade groups. 

Among 34 patients with an upgrade, invasive carcinoma ranged in 
size from 0.3 mm to 24 mm with a median size of 5 mm. Of these, the 
pathologic T stage on excision was pT1mi in 13 (38 %) cases, pT1a in 6 
(18 %) cases, pT1b in 8 (24 %) cases, pT1c in 6 (18 %) cases and pT2 in 1 
(2%) case. Additionally, 59 (63 %) patients underwent sentinel lymph 
node biopsy/excision (SLNB) either during or after initial surgery; 32 of 
34 (94 %) with upgrade and 27 of 60 (45 %) without upgrade. Among 32 
patients with upgrade who underwent SLNB either during primary 
surgery (56 %; 18/32) or after invasive carcinoma was found on primary 
surgery (44 %; (14/32)), eight (25 %) patients showed metastatic car-
cinoma in SLN, whereas none of the non-upgrade cases showed SLN 
metastasis. (Table 2) Also, none of the upgraded cases with micro-
invasive carcinoma (pTmi) on surgical excision showed SLN metastasis. 

The size of DCIS on CNB ranged from 1 mm to 15 mm, with a median 
size of 4 mm (2− 5 mm). Approximately half of the cases (48/94, 51 %) 
showed a predominant solid architectural pattern and three-quarters 
(69/94, 73 %) showed a high nuclear grade. Necrosis and DCIS- 
associated microcalcifications were observed in 65 (69 %) and 63 (67 
%) cases, respectively. (Table 2) The Kappa index was 0.83 for the TILs 
density analysis between the two reviewers. The final TILs density 
grouping revealed low, moderate and high TILs in 53 (56 %), 29 (31 %) 
and 12 (13 %) cases, respectively. Compared to the non-upgrade cases, 
the cases with upgrade showed a statistically significantly higher rate of 
high TILs and a lower rate of low TILs. The TILs density was also directly 
associated with high nuclear grade, ER negativity, HER2 positivity, high 
Ki-67 index, HER2+ and triple-negative molecular subtypes and high 
EZH2 expression in DCIS. (Table 3) 

Table 3 
Comparison of pathologic characteristics of DCIS based on the TILs density.  

Characteristics Low Moderate High Overall Post-hoc 
comparisona  

N (%) N (%) N (%) p value Significant 
TILs groups (p 
value) 

Predominant 
pattern      
Solid 25 

(47) 
15 (52) 8 (67) 0.787 – 

Cribriform 20 
(37) 

7 (24) 2 (17)   

Micropapillary 4 (8) 3 (10) 1 (8)   
Flat 2 (4) 3 (10) 1 (8)   
Papillary 2 (4) 1 (4) 0 (0)   

Nuclear grade      
Non-high 20 

(38) 
5 (17) 0 (0) 0.011 Low (0.002) 

High 33 
(62) 

24 (83) 12 
(100)  

High (0.006) 

Central necrosis      
Present 34 

(64) 
20 (69) 11 (92) 0.176 – 

Absent 19 
(36) 

9 (31) 1 (8)   

Microcalcification      
Present 36 

(68) 
18 (62) 9 (75) 0.709 – 

Absent 17 
(32) 

11 (38) 3 (25)   

Size (mm)      
Median (25th- 
75th) 

3 
(2− 5) 

4 (3− 5) 5 
(2− 6) 

0.571 – 

ER      
Positive 49 

(92) 
15 (52) 4 (33) <0.001 Low (<0.001) 

Negative 4 (8) 14 (48) 8 (67)  Moderate 
(0.002), High 
(0.001) 

HER2      
Positive 12 

(23) 
16 (70) 6 (50) 0.008 Moderate 

(0.008) 
Negative 41 

(77) 
13 (30) 6 (50)  Low (0.001) 

Ki-67      
<14 % 30 

(57) 
9 (31) 0 (0) 0.001 Low (<0.001) 

⩾14 % 23 
(43) 

20 (69) 12 
(100)  

High (0.002) 

Subtype      
Luminal A 25 

(47) 
5 (17) 0 (0) <0.001 Low (<0.001) 

Luminal B 24 
(45) 

9 (31) 4 (33)  – 

HER2+ 3 (6) 10 (34) 3 (25)  Low 
(<0.001), 
Moderate 
(<0.001) 

Triple-negative 1 (2) 5 (18) 5 (42)  Low (0.001), 
High 
(<0.001) 

EZH2-DCIS      
Median (25th- 
75th) 

4 
(2− 8) 

6 (4− 8) 8 
(4− 12) 

<0.001 – 

High 16 
(30) 

18 (62) 12 
(100) 

<0.001 High 
(<0.001) 

Low 37 
(70) 

11 (38) 0 (0)  Low (<0.001) 

Upgrade      
No 41 

(77) 
17 (59) 2 (17) <0.001 Low (0.001) 

Yes 12 
(23) 

12 (41) 10 (83)  High 
(<0.001) 

pTmi 4 (33) 3 (25) 6 (60) 0.337 – 
pT1 8 (67) 8 (67) 4 (40)   
pT2 0 (0) 1 (8) 0 (0)    

Table 3 (continued ) 

Characteristics Low Moderate High Overall Post-hoc 
comparisona  

N (%) N (%) N (%) p value Significant 
TILs groups (p 
value) 

SLNB      
Positive 27 (93) 16 (80) 8 (80) 0.340 – 
Negative 2 (7) 4 (20) 2 (20)   

Abbreviations: TIL; tumor infiltrating lymphocytes, ER; estrogen receptor, DCIS; 
ductal carcinoma in situ, SLNB; sentinel lymph node biopsy. 

a The Post-hoc comparison demonstrates the statistically significant TILs 
groups after the correction of p value. The Roman font TILs groups demonstrate a 
direct correlation with the corresponding characteristics in the same row, and 
the italic TILs groups demonstrates an inverse correlation. 

I.S. Genco et al.                                                                                                                                                                                                                                 



Pathology - Research and Practice 216 (2020) 153283

5

3.2. Immunohistochemical characteristics 

3.2.1. ER, HER2 and Ki-67 
The ER positivity was statistically significantly lower in DCIS cohort 

with upgrade (19/34; 56 %) compared to non-upgrade (49/60; 82 %). 
Approximately one-third (34/94; 36 %) of the cases were positive for 
HER2, with no significant difference between the upgrade groups. Fifty- 
five of 94 (59 %) cases showed a high Ki-67 index. The high Ki-67 rate 
was statistically significantly higher in cases with the upgrade (28/34; 
82 %) than no upgrade (27/60; 45 %). 

3.2.2. EZH2 
Approximately half of the cases (46/94; 49 %) showed high nuclear 

EZH2 expression in DCIS lesions. The EZH2 expression in DCIS was 
directly correlated with high nuclear grade, high TILs density, ER 
negativity, HER2 positivity, high Ki-67 index as well as upgrade on 
surgical excision (Fig. 2), and inversely correlated with the Luminal A 
molecular subtype. (Tables 2 and 4) Additionally, analyzing the only 
pT1 and pT2 (excluding 13 pTmi cases) cases showed that high EZH2 

expression remained significantly higher in the upgrade group 
compared to the non-upgrade group (18/21; 86 % vs. 17/60; 28 %). 

3.3. Independent predictive factors for an upgrade on the excision 

Univariate analysis showed that high TILs density, ER negativity, 
high Ki-67 index, non-Luminal A molecular subtype and high EZH2 
expression in DCIS was statistically significantly correlated with an 
upgrade on surgical excision. Multivariate regression analysis, including 
all these significant factors, revealed high EZH2 expression in DCIS as 
the only significant independent predictive factor for an upgrade on 
excision. (Table 2) 

4. Discussion 

The relatively high upgrade rate on surgical excision of DCIS diag-
nosed on CNB remains one of the challenges in the treatment of DCIS in 
current practice [33]. Previous studies showed that DCIS and IC share 
similar gene expression, and the molecular features related to 

Fig. 2. Representative images of EZH2 expression of DCIS according to upgrade status. 
A-C: DCIS with no upgrade on surgical excision showing low EZH2 expression D-F: DCIS with upgrade on surgical excision showing high EZH2 expression. 
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invasiveness already exist in DCIS lesions [34,35]. Since EZH2 was 
shown to express similar staining in DCIS and in the adjacent invasive 
component, as well as to promote invasion in breast cancer, we hy-
pothesized that DCIS on CNB would show different EZH2 expression 
based on their upgrade status on surgical excision. Our study results 
confirmed that DCIS with an upgrade shows significantly more frequent 
high-EZH2 expression compared to DCIS without an upgrade. 

Our study showed similar results as previous studies in terms of 
EZH2 expression in DCIS. As previously shown, high EZH2 expression 
was associated with high nuclear grade and ER negativity in our cohort 
[17,36]. Moreover, we showed that high EZH2 expression was also 
directly correlated with high Ki-67 index and high TILs density, and 
inversely correlated with Luminal A subtype. Among these, the strongest 
correlation observed with the TILs density was that all the cases with 
high TILs density showed high EZH2 expression regardless of their up-
grade status. This finding suggests that EZH2 overexpression plays a role 
not only in neoplastic process of tumor cells itself but also in 
tumor-microenvironment interaction. 

Several studies have recently analyzed the role of TILs in DCIS as 
diagnostic, predictive and prognostic factors [22–25,37]. Similar to 
those studies, our study results showed that high TILs density was 
associated with worse features, such as high nuclear grade, negative ER 
status, high Ki-67 index, and HER2+ and triple-negative subtypes. Toss 
et al. reported that DCIS mixed with invasion showed significantly more 
dense TILs than pure DCIS [37]. Our study results support the above-
mentioned study that on univariate analysis, high TILs density around 
DCIS on CNB was significantly correlated with the presence of invasive 
carcinoma in the adjacent tissue on the excision specimen; however, this 
result was not significant on multivariate analysis. 

Our study showed mostly similar results as previous studies in terms 
of risk factors for an upgrade on excision. The risk factors reported in 
previous studies were high nuclear grade, necrosis, and negative ER 
status [10–12]. Apart from these three factors, our study also revealed 
high TILs density, high Ki-67 index, non-Luminal A subtype and high 
EZH2 expression as the risk factors for an upgrade on univariate anal-
ysis. If we included all these factors except for EZH2 in a multivariate 
regression analysis, high Ki-67 index and high TILs density would have 
become the significant independent risk factors for an upgrade. How-
ever, including the EZH2 in the multivariate analysis led to those two 
factors losing their statistical significance, and made the high EZH2 
expression as the only independent significant predictive factor for the 
upgrade. 

Our study results demonstrate that EZH2 expression of DCIS on CNB 
may be a useful additional tool to predict the possibility of finding 
invasive cancer on surgical excision. It suggests one more tool that may 
be used in the management of DCIS by both surgery and oncology teams. 
Even though several patient and tumor characteristics (e.g. radiologic 
lesion size and nuclear grade) have been shown to predict invasive 
cancer on surgical excision and surgeons often use these characteristics 
to shape their surgery, many patients with DCIS are diagnosed on CNB 
are still under or over-treated during surgery. Moreover, there are 
several ongoing clinical trials of EZH2 inhibitors in different malig-
nancies [38]. This study encourages the investigation of EZH2 inhibitors 
as an option for the treatment of DCIS, considering approximately half of 
the DCIS cases showed high EZH2 expression in our cohort. This sug-
gestion may be even more relevant for triple-negative DCIS as 82 % 
(9/11) of triple-negative DCIS demonstrated high EZH2 expression in 
our study cohort. 

Our study has some limitations. First, the relatively small size of the 
study cohort and a low number of cases with non-high nuclear grade 
limit the power of the study. Therefore, the results should be confirmed 
on a larger size study sample. Secondly, the immunohistochemical stains 
and further analyses were performed on a single tissue block, although 
some cases had more than one tissue block showing DCIS. Even though 
an effort was made to choose the best representative tissue block for 
stains, the possibility of having different results on a different tissue 
block should be kept in mind while interpreting the results. Among the 
several EZH2 immunohistochemistry scoring methods reported in the 
literature, we chose to use the current method as the best fit in our bi-
nary study design. It is possible that a different scoring method may have 
demonstrated different results in our study cohort. Therefore, future 
studies may provide more data by comparing different scoring methods 
in breast cancer. Lastly, in the low EZH2 expression group, the positive 
cells were predominantly located towards the base of the ducts as 
opposed to the high EZH2 expression group showing staining 
throughout the duct involved by DCIS. Further investigation is required 
to explain this observation. 

In conclusion, our study showed that high EZH2 expression in DCIS 
diagnosed on core needle biopsy was the only independent predictive 
factor for an upgrade on surgical excision. High EZH2 expression in DCIS 
and high TILs density were also shown to be correlated with worse 
pathologic characteristics. Future studies should focus on the evaluation 
of EZH2 expression in tumor-microenvironment interaction in terms of 
diagnostic, treatment and prognostic purposes. 

Table 4 
Comparison of pathologic characteristics of DCIS according to EZH2 expression.   

Low High   
N (%) N (%) p value 

Pred. pattern    
Solid 20 (42) 28 (61) 0.43 
Cribriform 18 (38) 11 (24)  
Micropap. 5 (10) 3 (7)  
Flat 3 (6) 3 (7)  
Papillary 2 (4) 1 (1)  

Nuclear grade    
Non-high 19 (40) 6 (13) <0.01 
High 29 (60) 40 (87)  

Central necros.    
Present 18 (74) 11 (68) 0.15 
Absent 30 (26) 35 (32)  

Microcalcific.    
Present 17 (35) 14 (30) 0.61 
Absent 31 (65) 32 (70)  

Size    
Median 3 (2− 5) 3 (2− 5) 0.52 

TILs    
Low 37 (77) 16 (35) <0.01 
Moderate 11 (23) 18 (39)  
High 0 (0) 12 (26)  

ER    
Positive 42 (88) 26 (57) <0.01 
Negative 6 (12) 20 (43)  

HER2    
Positive 9 (19) 25 (54) <0.01 
Negative 39 (81) 21 (46)  

Ki-67    
<14 % 14 (29) 41 (89) <0.01 
⩾14 % 34 (71) 5 (11)  

Subtype    
Luminal A 27 (56) 3 (7) <0.01a 

Luminal B 15 (31) 22 (48)  
HER2+ 4 (8) 12 (26)  
Triple-neg. 2 (5) 9 (19)  

Upgrade    
No 43 (90) 17 (37) <0.01 
Yes 5 (10) 29 (63)  

T stage    
pTmi 1 (20) 12 (41) 0.29 
pT1 4 (80) 16 (55)  
pT2 0 (0) 1 (4)  

SLNB    
Positive 2 (40) 6 (22) 0.58 
Negative 3 (60) 21 (78)  

Abbreviations: TIL; tumor infiltrating lymphocytes, ER; estrogen receptor, DCIS; 
ductal carcinoma in situ, SLNB; sentinel lymph node biopsy. 

a The Post-hoc comparison revealed an inverse correlation between high 
EZH2 expression and Luminal A molecular subtype. 
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