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Abstract 

Loss of ataxia-telangiectasia mutated protein expression 

correlates with poor prognosis but benefits from 

anthracycline-containing adjuvant chemotherapy 

in breast cancer 

 

Koung Jin Suh 

Molecular Oncology 

The Graduate School 

Seoul National University 

 

Purpose: We investigated the correlation of ataxia-telangiectasia mutated 

(ATM) protein expression with clinicopathological features and prognosis in 

patients with breast cancer. 

Methods: ATM expression was determined by immunohistochemistry in 420 

surgically resected breast tumors. 

Results: ATM loss was observed in 126/407 evaluable cases (31.0%), and 

was significantly associated with larger tumor size, lymph node metastasis, 

higher tumor grade, and ER- and/or PR-negative status. ATM loss was also 

associated with significantly lower disease-free survival rates than those in 
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patients with intact ATM (5-year disease-free survival rate 81.2% vs. 90.7%, 

p = 0.015). In multivariate analysis, ATM loss combined with abnormal p53 

expression was an independent predictor of shorter disease-free survival 

(hazard ratio [HR] 3.48; 95% confidence interval [CI], 1.48 - 8.17, p = 0.004). 

A tendency towards a poorer prognosis was observed for tumoral ATM loss 

alone, although statistical significance was not reached (HR 1.74; 95% CI 

0.95 - 3.20; p = 0.075). In subgroup analysis, ATM loss was associated with 

shorter disease-free survival in patients who did not receive adjuvant 

anthracycline chemotherapy (5-year disease-free survival rate 92.7% in intact 

ATM group vs. 68.1% in ATM loss group, p = 0.002), but this poor prognosis 

was overcome in patients who did (5-year disease-free survival rate 89.8% vs. 

84.4%, p = 0.243), suggesting more benefit from anthracycline-based 

chemotherapy. 

Conclusion: Tumors with loss of ATM expression have a poor prognosis and 

their prognoses are dependent on the use of adjuvant anthracycline. ATM loss 

might be a practical tool for predicting benefits from anthracycline-based 

adjuvant therapy. 

 

Keywords: ataxia-telangiectasia mutated (ATM); p53; 

immunohistochemistry; prognosis; anthracycline; PARP-1 inhibitor 
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Introduction 

 

Ataxia-telangiectasia mutated (ATM) is a tumor suppressor gene located on 

chromosome 11q22-23. Upon activation, the ATM protein phosphorylates 

downstream targets involved in DNA damage repair and cell-cycle check 

point activation, such as p53 and Chk2, and in doing so maintains genomic 

integrity [1-4]. Down-regulation of the ATM transcript has been reported in 

breast cancer [5-8], and ATM mRNA underexpression is associated with a 

poor prognosis [7, 9]. Moreover, the loss of function of the ATM gene has 

been considered a predictive marker for treatment with poly(ADP-ribose) 

polymerase (PARP)-1 inhibitors [10-13]. Therefore, determining the 

clinicopathological features of tumors without ATM function is both 

necessary and important for future clinical studies targeting DNA repair 

pathways. However, the association between immunohistochemical 

expression of the ATM protein and clinicopathological variables and clinical 

outcomes has not been clearly defined. In addition, several studies suggest 

that the chemosensitivity of ATM-deficient cells depends on p53 status [13, 

14]. Thus, both ATM and p53 status may need to be considered when 

predicting responses to DNA-damaging chemotherapy and agents targeting 

DNA repair pathways.  

In the current study, we aimed to assess ATM protein expression in breast 

cancer and their association with clinical outcomes. In addition, we sought to 

investigate the effect of ATM immunohistochemical expression status on 
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response to anthracycline-based therapy, alone or in combination with p53 

expression status. 
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Methods 

 

Study population 

A total of 466 patients with breast cancer underwent curative resection in 

2008 at Seoul National University Hospital (SNUH), Seoul, South Korea. 

After excluding 46 patients who received neoadjuvant chemotherapy, 420 

patients were deemed eligible for this study. ATM immunohistochemistry 

(IHC) staining results were available for 407 patients. Clinical data were 

retrieved from patient medical records. The median follow-up period was 73.7 

months. Primary treatments included radical mastectomy, modified radical 

mastectomy and breast-conserving surgery, as well as and sentinel lymph 

node biopsy or axillary lymph node dissection. Adjuvant chemotherapy and 

radiotherapy were administered at the discretion of the physician. The Review 

Board at SNUH approved this study (H-1409-017-607), and it was conducted 

in accordance with the Declaration of Helsinki. 

 

Immunohistochemical analysis of ATM  

Immunohistochemical staining was performed for subtyping of the breast 

cancers. Formalin-fixed, paraffin-embedded tissue sections of all patients 

were immunohistochemically stained using a Benchmark automatic 

immunostaining device (Ventana). The samples were incubated with 

antibodies for estrogen receptors (ER, 1:100, 1D5; Novocastra Laboratories, 

Newcastle, UK), progesterone receptors (PR, 1:200, PgR636; DAKO), HER2 
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(Ventana), p53 (1:500, DO-7; DAKO), and ATM (1:100, ab32520; Abcam, 

UK). The sections were subsequently incubated with biotinylated anti-mouse 

immunoglobulins, peroxidase-labeled streptavidin (LSAB kit, DAKO), and 3, 

3-diaminobenzidine. Slides were counterstained using Harris hematoxylin. 

Nuclear expression of tumor cells was interpreted as positive for ER, PR, 

ATM, and p53 while membrane staining of tumor cells was considered 

positive for HER2. Immunohistochemical staining was evaluated on the basis 

of the location and percentage or intensity of positively stained cells. 

Immunohistochemical staining for ER and PR expression was counted and 

categorized as positive when ≥1% of the tumor cells were stained according to 

the 2010 ASCO/CAP guidelines [15]. Immunohistochemical expression of 

HER2 was assessed based on the 2013 ASCO/CAP guidelines [16]. ATM 

staining intensity was graded as 0 (entirely negative), ± (equivocal staining, 

signal observed only at high-power microscopy with 40X eyepiece), +/3 

(weak positive), ++/3 (moderately positive), and +++/3 (strongly positive). 

“ATM loss” was defined as less than 10% of cells with weakly positive (+/3) 

or higher intensity, that is, more than 90% of cells showing negative (0) or 

equivocal staining (±), as previously described [17, 18]. “Abnormal p53 

expression” was defined as either positive labeling in 50% or more of tumor 

cell nuclei, or total absence of nuclear labeling as previously described 

[19-21]. Immunohistochemical scoring was performed with investigators 

blinded to all other patient data including outcome. All of the 

immunohistochemical stainings were reviewed by two experienced breast 

pathologists (H.S.R. and H. K.) to ensure accuracy.  
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Statistical analysis  

The difference in clinicopathological findings according to ATM expression 

was evaluated using the chi-square test and linear-by-linear association. The 

period of disease-free survival was defined as the duration of time between 

the date of surgical resection and one of the following events: disease relapse, 

any cause of death before disease relapse, or the last follow-up. Disease-free 

survival was calculated using the Kaplan-Meier method, and the values were 

compared using the log-rank test. Univariate Cox proportional-hazard 

regression (PHR) analyses were performed to evaluate the predictive values of 

each variable, and variables found to be significant on univariate analysis 

were introduced into a multi-variable Cox PHR model for disease-free 

survival. All tests were two-sided, and a p value of less than 0.05 was to 

indicate statistically significant difference. All analyses were performed using 

SPSS Version 21.0 (SPSS; Chicago, IL) and GraphPad Prism 5 (GraphPad 

Software, Inc., La Jolla, CA) on data collected through February 2015. 
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Results 

 

ATM expression and clinicopathological correlation  

All 420 patients were female, with a median age of 47 years. Of the 420 

patients, 149 (35.5%) had stage I disease; 231 (55%) and 40 (9.5%) had stage 

II and III disease, respectively; 326 (77.6%) were treated with adjuvant 

chemotherapy, 276 (65.7%) with radiotherapy, and 301 (71.7%) with 

hormone therapy (Table 1). Details on adjuvant therapy are shown in table 2.  

ATM protein expression patterns are shown in Figure 1. ATM loss was 

observed in 126 out of 407 evaluable tumors (31.0%), and was significantly 

associated with higher nuclear (Odds ratio [OR] 1.79, 95% confidence 

interval [CI] 1.11 – 2.91, p = 0.001) and histologic grades (OR 2.62, 95% CI 

1.59 - 4.31, p < 0.001), higher T stage (OR 2.21, 95% CI 1.37 – 3.57, p = 

0.038), presence of lymph node metastasis (OR 1.88, 95% CI 1.18 – 2.98, p = 

0.008), and negative estrogen-receptor (ER) (OR 1.99, 95% CI 1.22 – 3.26, p 

= 0.001) and negative progesterone-receptor (PR) expression (OR 2.59, 95% 

CI 1.61 – 4.16, p < 0.001). There were no significant associations between 

ATM loss and other clinicopathological variables, including age, 

lymphovascular invasion, or HER2 expression. With regard to molecular 

breast cancer subtypes, ATM loss was more frequently observed in 

triple-negative breast cancers than in other subtypes (OR 1.98, 95% CI 1.07 – 

3.66, p = 0.022).
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Figure 1. Immunohistochemical expression of ATM protein in breast 

cancer  

(a) and (c): Hematoxylin-eosin (H&E) staining of tumor samples 

(magnification, x40; insets, x200); (b) loss of ATM expression (magnification, 

x40; insets, x400); (d) intact ATM expression (magnification, x40; insets, 

x400). 
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Table 1. Association between ATM expression status and 

clinicopathological characteristics  

Variables  N ATM, N (%) p-value 

   Intact Loss  

Age (years) < 60 350 241 (68.9) 109 (31.1) 0.842 

 ≥ 60 57 40 (70.2) 17 (29.8)  

Nuclear grade 1 7 7 (100) 0 0.001 

 2 169 131 (77.5) 38 (22.5)  

 3 231 143 (61.9) 88 (38.1)  

Histologic 

grade 

I 31 29 (93.5) 2 (6.5) < 0.001 

 II 155 123 (79.4) 32 (20.6)  

 III 221 129 (58.4) 92 (41.6)  

LVI Negative 248 194 (78.2) 54 (21.8) 0.351 

 Present 159 118 (74.2) 41(25.8)  

T T1 197 149 (75.6) 48 (24.4) 0.038 

 T2 199 125 (62.8) 74 (37.2)  

 T3 10 6 (60) 4 (40)  

 T4 1 1 (100) 0  

N  Negative 249 184 (73.9) 65 (26.1) 0.008 

 Positive 158 97 (61.4) 61 (38.6)  

ER Negative 109 62 (56.9) 47 (43.1) 0.001 

 Positive 298 219 (73.5) 79 (26.5)  

Continued 
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Table 1. Association between ATM expression status and 

clinicopathological characteristics (Continued) 

Variables  N ATM, N (%) p-value 

   Intact Loss  

PR Negative 129 72 (55.8) 57 (44.2) < 0.001 

 Positive 278 209 (75.2) 69 (24.8)  

HER2 Negative 336 233 (69.3) 103 (30.7) 0.403 

 Positive 61 39 (63.9) 22 (36.1)  

 NA 10    

Intrinsic 

subtype 

Luminal A 273 219 (80.2) 54 (19.8) 0.022 

 Luminal B 11 8 (72.7) 3 (27.3)  

 HER2-Enriched 61 42 (68.9) 19 (31.1)  

 Triple-Negative 53 34 (64.2) 19 (35.8)  

 NA 9 9 (100) 0  

LVI lymphovascular invasion, T tumor size, N lymph node involvement, ER 

estrogen receptor, PR progesterone receptor, HER2 human epidermal growth 

factor receptor 2, NA information not available. 
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Table 2. Details on adjuvant treatments 

Variables  N ATM, N (%) p-value 

   Intact Loss  

Adjuvant chemotherapy     

  No  92 77 (24.7) 15 (15.8) 0.070 

  Yes  315 235 (75.3) 80 (84.2)  

Regimens of adjuvant chemotherapy     

Anthracycline containing  284 213 (90.6) 71 (88.8) 0.401 

AC à Docetaxel or Paclitaxel 136 94 (40.0) 42 (52.5)  

AC 4 4 (1.7) 0  

FAC 144 115 (48.9) 29 (36.3)  

Non-anthracycline containing 22 17 (7.2) 5 (6.2)  

CMF 19 15 (6.4) 4 (5.0)  

Docetaxel or Paclitaxel 3 2 (0.8) 1 (1.3)  

  Unknown  9 5 (2.1) 4 (5.0)  

AC doxorubicin and cyclophosphamide, FAC 5-fluorouracil, doxorubicin and 

cyclosphosphamide, CMF cyclophosphamide, methotrexate and 

5-fluorouracil.  
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Loss of ATM expression is associated with poor prognosis  

Univariate analysis revealed that patients with tumoral ATM loss 

demonstrated significantly lower disease-free survival rates compared to those 

in patients with intact ATM (5-year disease-free survival rate 81.2% vs. 

90.7%, HR 2.06; 95% CI 1.13 - 3.76;  p = 0.015) (Figure 2). Other 

clinicopathological factors associated with poor disease-free survival included 

older age at diagnosis (5-year disease-free survival rate 89.9% vs. 81.8%; HR 

2.02; 95% CI 1.03 - 3.96; p = 0.038), higher T stage (93.7% vs. 84.1%; HR 

2.98; 95% CI 1.54 - 5.73; p = 0.007), presence of lymph node metastasis 

(91.4% vs. 84.0%; HR 1.84; 95% CI 1.04 - 3.26; p = 0.034), and negative 

expression of ER (91.9% vs. 79.9%; HR 2.47; 95% CI 1.39 - 4.40; p = 0.001) 

and PR (92.4% vs. 80.9%; HR 2.53; 95% CI 1.43 - 4.48; p < 0.001). Factors 

significant in the univariate model and included in multivariate analysis were 

patient age, tumor size, presence of lymph node metastasis, ER and ATM 

status. A tendency towards a poorer prognosis was observed for tumoral ATM 

loss, although results were not statistically significant by narrow margin. (HR 

1.74; 95% CI 0.95 - 3.20; p = 0.075) (Table 3).  
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Figure 2. Disease-free survival (DFS) according to ATM expression 
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Table 3. Significant independent predictors of disease-free survival on 

multivariate analysis  

Variables HR (95% CI) p-value 

Age    

  < 60 1  

  ≥ 60 2.12 (1.07 - 4.20) 0.031 

T   

  T1 1  

  T2-4  2.33 (1.19 - 4.55) 0.013 

ER   

  Positive 1  

  Negative 2.01 (1.12 - 3.63) 0.02 

ATM   

  Intact ATM  1  

ATM loss 1.74 (0.95 - 3.20) 0.075 

HR hazard ratio, CI confidence interval, ER estrogen receptor, ATM ataxia 

telangiectasia-mutated.  
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ATM expression in patients treated with or without 

adjuvant anthracycline 

Because anthracycline is a DNA damaging agent, and because the sensitivity 

of tumors to DNA-damaging agents might be related to ATM status, we 

separately analyzed subgroups of patients according to who did and who did 

not receive adjuvant anthracycline-based chemotherapy. Clinicopathological 

characteristics of patients with or without adjuvant chemotherapy are 

described in table 4. Patients who did not receive adjuvant chemotherapy were 

older, had smaller tumors with lower histologic and/or nuclear grade, no 

axillary lymph node metastasis, and ER and/or PR positivity as in line with 

the current clinical practice. Among 420 patients, 9 patients who received 

adjuvant chemotherapy at other institutions were excluded since precise 

information on the chemotherapy regimen was unavailable. Of the remaining 

411 patients, 294 patients received adjuvant chemotherapy containing 

anthracycline (5-fluorouracil, doxorubicin and cyclosphosphamide, n = 150; 

doxorubicin and cyclophosphamide followed by paclitaxel or docetaxel, n = 

139; doxorubicin and cyclophosphmide, n = 5). One hundred and seventeen 

patients did not receive adjuvant anthracycline; 20 patients were treated with 

cyclophosphamide, methotrexate and 5-fluorouracil; 3 were treated with 

docetaxel or paclitaxel; and 94 did not receive any adjuvant chemotherapy. 

Table 5 shows the survival rates of patients according to ATM status or 

adjuvant anthracycline status. Among patients who received adjuvant 

non-anthracycline containing chemotherapy, patients with ATM loss had 

lower 5-year disease-free survival rate than those with intact ATM (40.0% vs. 
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94.1%, p = 0.009). DFS was also lower in patients with ATM loss who did 

not receive adjuvant chemotherapy, although statistical significance was not 

reached (78.3% vs. 92.4%, p = 0.112). In contrast, ATM loss did not influence 

clinical outcomes when patients were treated with adjuvant anthracycline (n = 

294, 5-year disease-free survival rate 89.8% in intact ATM group vs. 84.4% in 

ATM loss group, HR 1.53; 95% CI 0.74 - 3.16; p = 0.243) (Figure 3). Among 

patients with ATM loss, patients who did not receive adjuvant anthracycline 

had lower disease-free survival rates compared with those who received 

adjuvant anthracycline, although statistical significance was not reached 

(5-year disease-free survival rate 84.4% vs. 68.1%, HR 2.28, 95% CI 0.84 – 

6.18; p = 0.097).  
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Table 4. Comparison of clinicopahological characteristics of patients with 

or without adjuvant chemotherapy   

Variables  N Adjuvant chemotherapy p-value 

   No Yes  

Age (years) < 60 361 69 (73.4) 292 (89.6) < 0.001 

 ≥ 60 59 25 (26.6) 34 (10.4)  

Nuclear grade 1 4 4 (4.3) 4 (1.2) < 0.001 

 2 122 50 (53.2) 122 (37.4)  

 3 200 40 (42.6) 200 (61.3)  

Histologic 

grade 

I 33 15 (16.0) 18 (5.5) < 0.001 

 II 157 48 (51.1) 109 (33.4)  

 III 230 31 (33.0) 199 (61.0)  

LVI Negative 258 74 (78.7) 184 (56.4) < 0.001 

 Present 162 20 (21.3) 142 (43.6)  

T T1 205 70 (74.5) 135 (41.4) < 0.001 

 T2 204 23 (24.5) 181 (55.5)  

 T3 10 1 (1.1) 9 (2.8)  

 T4 1 0 1 (0.3)  

N  Negative 259 81 (85.2) 178 (54.6) < 0.001 

 Positive 161 13 (13.8) 148 (45.4)  

(Continued) 
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Table 4. Comparison of clinicopahological characteristics of patients with 

or without adjuvant chemotherapy (Continued) 

Variables  N Adjuvant chemotherapy p-value 

   No Yes  

ER Negative 113 8 (8.5) 105 (32.2) < 0.001 

 Positive 307 86 (91.5) 221 (67.8)  

PR Negative 134 23 (24.) 111 (34.0) 0.079 

 Positive 286 71 (75.5) 215 (66.0)  

HER2 Negative 348 82 (91.1) 266 (83.1) 0.062 

 Positive 62 8 (8.9) 54 (16.9)  

Intrinsic 

subtype 

Luminal A 282 74 (82.2) 208 (64.8) 0.008 

 Luminal B 11 3 (3.3) 8 (2.5)  

 HER2-Enriched 62 8 (8.9) 54 (16.8)  

 Triple-Negative 56 5 (5.6) 51 (15.9)  

ATM Intact 312 77 (83.7) 235 (74.6) 0.070 

 Loss 95 15 (16.3) 80 (25.4)  

LVI lymphovascular invasion, T tumor size, N lymph node involvement, ER 

estrogen receptor, PR progesterone receptor, HER2 human epidermal growth 

factor receptor 2, NA information not available. 
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Table 5. Univariate analysis of survival among patients with breast 

cancer according to ATM status or adjuvant anthracycline status   

Analysis No. of 

patients 

Patients surviving 

without disease at 

5 years  

p-value 

According to adjuvant anthracycline status   

All patients    

  Adjuvant anthracycline 294 88.5% 0.955 

  No adjuvant anthracycline 117 88.6%  

ATM loss    

 Adjuvant anthracycline 71 84.4%  

  No adjuvant anthracycline 20 68.1% 0.097 

Intact ATM    

  Adjuvant anthracycline 213 89.8%  

  No adjuvant anthracycline 94 92.7% 0.497 

According to ATM status  

All patients    

Intact ATM 312 90.7%  

ATM loss 95 81.2% 0.015 

Adjuvant anthracycline    

Intact ATM 213 89.8%  

ATM loss 71 84.4% 0.243 

(Continued) 
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Table 5. Univariate analysis of survival among patients with breast 

cancer according to ATM status or adjuvant anthracycline status 

(Continued)   

Analysis No. of 

patients 

Patients surviving 

without disease at 

5 years  

p-value 

No adjuvant anthracycline    

Intact ATM 94 92.7%  

ATM loss 20 68.1% 0.002 

ATM ataxia telangiectasia-mutated.   
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Figure 3. Disease-free survival (DFS) according to ATM expression in 

patients receiving no adjuvant chemotherapy, adjuvant 

non-anthracycline chemotherapy, and adjuvant anthracyline 

chemotherapy, separately
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Patient outcome by ATM and p53 expression status  

As ATM-mediated activation and stabilization of p53 are essential for 

genomic stability and cell cycle responses, we evaluated ATM stratified by 

p53 expression status. Out of the 400 tumors suitable for p53 analysis, 

abnormal p53 expression was observed in 157 tumors (39.3%) and was 

associated with higher tumor grade, and ER- and/or PR-negative status (Table 

6). Patients with abnormal p53 expression demonstrated significantly lower 

disease-free survival rates compared to those with normal p53 expression 

(5-year disease-free survival rate 82.3% vs. 92.3%; HR 2.44; 95% CI 1.36 - 

4.39; p = 0.002) (Figure 4). Prevalence of ATM loss was higher in breast 

cancers with abnormal p53 expression (48/157, 30.6%) compared with normal 

p53 expression (47/243, 19.3%) (OR 1.84, 95% CI 1.15 – 2.93, p = 0.01). 

Patients with both ATM loss and abnormal p53 expression exhibited the 

lowest disease-free survival rates compared with other patients (5-year 

disease-free survival rate 94.8% in patients with intact ATM and normal p53 

vs. 84.7% in patients with ATM loss and normal p53 vs. 83.2% in patients 

with intact ATM and abnormal p53 vs. 77.8% in patients with ATM loss and 

abnormal p53, p = 0.004; intact ATM and normal p53 vs. ATM loss and 

normal p53, HR 2.49, 95% CI 0.98 – 6.32, p = 0.055; intact ATM and normal 

p53 vs. intact ATM and abnormal p53, HR 2.76, 95% CI 1.32 – 5.78, p = 

0.007; intact ATM and normal p53 vs. ATM loss and abnormal p53, HR 4.06, 

95% CI 1.75 – 9.40, p = 0.001) (Figure 5). Moreover, in a multivariate 

analysis using combined ATM and p53 status as one variable, the combined 
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status was the strongest independent predictor of poorer disease-free survival 

(intact ATM and normal p53 vs. ATM loss and abnormal p53, HR 3.48; 95% 

CI 1.48 – 8.17; p = 0.004) (Table 7). Unlike ATM, abnormal p53 expression 

was associated with poor disease-free survival irrespective of adjuvant 

anthracycline, suggesting that in this context p53 status has prognostic value 

but is not predictive of anthracycline response.  
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Table 6. Association between p53 expression status and 

clinicopathological characteristics  

Variables  N P53, N (%) p-value 

   Normal Abnormal  

Age (years) < 60 344 213 (61.9) 131 (38.1) 0.236 

 ≥ 60 56 30 (53.6) 26 (46.4)  

Nuclear grade 1 7 6 (85.7) 1(14.3) < 0.001 

 2 165 130 (78.8) 35 (21.2)  

 3 228 107 (46.9) 121 (53.1)  

Histologic 

grade 

I 31 25 (80.6) 6 (19.4) < 0.001 

 II 150 119 (79.3) 31 (20.7)  

 III 219 99 (45.2) 120 (54.8)  

LVI Negative 241 143 (59.3) 98 (40.7) 0.476 

 Present 159 100 (62.9) 59 (37.1)  

T T1 192 130 (67.7) 62 (32.3) 0.036 

 T2 197 106 (53.8) 91 (46.2)  

 T3 10 6 (60) 4 (40)  

 T4 1 1 (100) 0  

N  Negative 243 140 (57.6) 103 (42.4) 0.11 

 Positive 157 103 (65.6) 54 (34.4)  

ER Negative 107 24 (22.4) 83 (77.6) < 0.001 

 Positive 293 219 (74.7) 74 (25.3)  

(Continued) 
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Table 6. Association between p53 expression status and 

clinicopathological characteristics (Continued)  

Variables  N P53, N (%) p-value 

   Normal Abnormal  

PR Negative 129 40 (31.0) 89 (69.0) < 0.001 

 Positive 271 203 (74.9) 68 (25.1)  

HER2 Negative 329 218 (66.3) 111 (33.7) < 0.001 

 Positive 61 17 (27.9) 44 (72.1)  

 NA 10    

Intrinsic 

subtype 

Luminal A 266 205 (77.1) 61 (22.9) < 0.001 

 Luminal B 11 4 (36.4) 7 (63.6)  

 HER2-Enriched 61 17 (27.9) 44 (72.1)  

 Triple-Negative 53 10 (18.9) 43 (81.1)  

 NA 9 7 (77.8) 2 (22.2)  

LVI lymphovascular invasion, T tumor size, N lymph node involvement, ER 

estrogen receptor, PR progesterone receptor, HER2 human epidermal growth 

factor receptor 2, NA information not available. 
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Table 7. Significant independent predictors of disease-free survival on 

multivariate analysis 

Variables HR (95% CI) p-value 

Age    

  < 60 1  

  ≥ 60 1.98 (0.99 - 3.97) 0.055 

T   

  T1 1  

  T2-4  2.25 (1.15 - 4.40) 0.018 

ATM/p53   

  Intact ATM / normal p53 1  

  ATM loss / normal p53 2.04 (0.80 - 5.23) 0.138 

Intact ATM / abnormal p53  2.26 (1.07 - 4.80) 0.033 

ATM loss / abnormal p53 3.48 (1.48 - 8.17) 0.004 

HR hazard ratio, CI confidence interval, ATM ataxia telangiectasia mutated.  
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Figure 4. Disease-free survival (DFS) according to p53 expression 
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Figure 5. Kaplan-Meier survival curves showing disease-free survival 

(DFS) according to ATM expression status in combination with p53 

expression status 
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Discussion 

 

In this study, we found a loss of ATM protein expression in 31% of our cohort 

of resected breast tumors. The incidence of ATM loss was more common in 

tumors that were larger, with higher nuclear and histologic grades, had lymph 

node metastasis, and were ER and/or PR-receptor negative. We also found the 

loss of ATM expression to be associated with poor disease-free survival, 

which was in agreement with other studies in pancreatic [21, 22], colorectal 

[23], and gastric cancers [24, 25].  

 

In breast cancer, down-regulation of ATM has been described at the mRNA 

and protein level [7, 8], and ATM mRNA underexpression is associated with 

a poor prognosis [7, 9]. However, the association between ATM protein 

expression and clinical outcomes is unclear, and a contradictory association 

between ATM expression and clinicopathological variables has been reported. 

Bueno et al. [8] reported that the loss of ATM expression, which was defined 

as an absence of nuclear staining by using the same antibody as that used in 

our study, was observed in 60.3% of breast cancers, and was an independent 

prognostic marker for disease-free survival (p = 0.001, HR 0.579). However, 

in their report, loss of ATM was not associated with tumor size, lymph node 

metastasis, or hormone receptor negativity, in contrast with our data. 

Abdel-Fatah et al. [26] reported that in a larger cohort of breast cancer 

patients, low nuclear ATM expression, defined as the percentage of positive 
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cells being <25%, was observed in 52% of breast cancers, and was associated 

with larger tumor size, higher tumor grade, and triple-negative and basal-like 

phenotypes. Low nuclear ATM expression was associated with worse breast 

cancer-specific survival (p < 0.001), but did not remain an independent 

prognostic factor in multivariate analysis, similar to our findings. Taken 

together, the data suggest that ATM loss is associated with aggressive breast 

cancers and poor prognosis.  

 

The difference between the probability of ATM loss in our study and in the 

studies of others may be accounted for by either different 

immunohistochemical protocols or varying cut-offs used across different 

studies. It should therefore be noted that our method of ATM IHC 

methodology, reading positive and negative ATM expression and defining the 

“loss of ATM”, has been validated in previous studies [17, 18]. In gastric 

cancer, using the same IHC methodology, low ATM expression was seen in 

63.9% of patients and was related to older age, more advanced stage, and poor 

disease-free survival and overall survival, similar to the findings in the current 

study [25].  

 

The sensitivity to PARP-1 inhibitors relies not only on inherited BRCA1 or 

BRCA2 deficiency but also on homologous recombination deficiency (HRD), 

and recent preclinical studies have demonstrated the activity of PARP-1 

inhibitors in a patient-derived breast cancer xenograft model with a high HRD 

score [27, 28]. Since deficiency in ATM results in defects in homologous 
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recombination, loss of function of the ATM gene has been considered a 

predictive marker of treatment with PARP-1 inhibitors [10-13]. Apart from 

PARP-1 inhibitors, cancer cells with defective ATM or p53 function also have 

different response to DNA-damaging chemotherapy, such as anthracycline. 

Low ATM expression was associated with poor survival in patients who 

received anthracycline-based or CMF adjuvant chemotherapy [23], and low 

ATM mRNA expression predicted chemo-resistance in patients treated with 

neoadjuvant, anthracycline-based combination chemotherapy [29]. These 

findings suggest that ATM IHC could identify tumors with HRD and may 

predict the response to anthracycline and PARP-1 inhibitors. By finding out 

how many patients with sporadic breast cancer have tumors with ATM loss, 

one might estimate the number of potential patients who could benefit from 

future clinical studies targeting DNA repair pathways. The subgroup analysis 

regarding the application of adjuvant chemotherapy showed that anthracycline 

appeared to overcome the adverse prognosis conferred by ATM loss. In 

contrast, adjuvant anthracycline exhibited no effect on patients with intact 

ATM. Presence of possible confounding factors should be considered since 

our study was a retrospective one; however, several aspects support the 

robustness our study. First, patients who did not receive any adjuvant 

chemotherapy were older, had better prognostic factors such as lower tumor 

grade, hormone receptor positivity, and lower stage as in line with current 

clinical practice. Secondly, the adjuvant chemotherapy regimens were well 

balanced with regard to ATM status. Third but not least, ATM loss was 

consistently associated with poorer survival in patients who did not receive 
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any adjuvant chemotherapy as well as in patients who received 

non-anthracycline containing chemotherapy. In patients who had favorable 

prognostic factors and therefore did not receive any adjuvant chemotherapy, 

ATM loss was still associated with poorer survival, although statistically 

insignificant (78.3% vs. 92.4%, p = 0.112); ATM loss group also showed 

poorer disease-free survival in patients with non-anthracycline containing 

chemotherapy (40.0% vs. 94.1%, p = 0.009). This survival difference was 

abrogated in adjuvant anthracycline group.  

Collectively, ATM could potentially serve as a useful, predictive marker in 

patient selection for adjuvant anthracycline or PARP-1 inhibitor therapy in 

sporadic breast cancer. Further studies are needed to clarify this issue. 

 

Alteration of the p53 gene has been associated with worse prognosis in breast 

cancer [30]. However, the utility of p53 IHC expression as a prognostic assay 

remains to be established. In an earlier study, 22% of breast cancer patients 

had p53 gene mutations detected by the cDNA-based sequencing method. 

Approximately one third of p53 mutant tumors were negative by IHC, 

whereas 30% of IHC-positive tumors were sequence negative, suggesting that 

p53 IHC has limited sensitivity and specificity for detecting p53 mutation [31]. 

Recently, Yemelayanova et al. [19] reported that in addition to a strong and 

diffuse pattern of p53 expression, complete absence of p53 immunoexpression 

is commonly associated with a TP53 mutation (in 65% of cases), and 

immunochemical staining patterns of p53 can serve as a surrogate marker for 

TP53 mutations in ovarian cancer. Similar results were also found in breast 
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cancer patients, where p53 mutations were detected in 6 (20%) of 30 cases, 

and all of the mutations corresponded to extreme by negative or positive 

phenotypes [20]. Moreover, combining cases showing either extremely 

positive (>50% of tumor cell) or extremely negative p53 expression predicted 

OS in 288 breast cancer patients (p = 0.028) [20]. In our study, abnormal p53 

expression, defined as complete negative expression or positive expression in 

more than 50% of tumor cells was 39.7%, similar to findings by the Cancer 

Genome Atlas Network, which uncovered TP53 somatic mutations in 

approximately 37% of all breast cancers [32]. We demonstrated that abnormal 

p53 expression was correlated with tumor size, nodal stage, histologic grade, 

and negative hormone-receptor status. In addition, abnormal p53 expression 

was associated with poorer disease-free survival, and combined ATM and p53 

expression status was the strongest independent prognostic factor for 

disease-free survival along with age and stage in multivariate analysis. Our 

data is the first to show that p53 expression, alone or combined with ATM 

expression status, is an independent prognostic marker in breast cancer.  

 

There are some limitations to our study. First, the median follow-up period of 

our study population was 73.7 months, which was not long enough to assess 

overall survival. Second, although relatively large numbers of patients were 

analyzed to demonstrate the prognostic and predictive value of ATM and p53 

expression, further studies in other populations are needed to validate these 

findings.  
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In summary, we demonstrated the clinical significance of ATM loss in breast 

tumors. ATM loss was frequently observed in a distinct group with more 

advanced-stage disease in sporadic breast cancers with curative resection. In 

multivariate analysis, a tendency towards a poorer prognosis was noted for 

tumoral ATM loss, and ATM loss with abnormal p53 expression was the 

strongest independent predictor of shorter disease-free survival. In subgroup 

analysis, poor outcome in ATM loss group was partially rectified in those 

with adjuvant anthracycline. The results may be useful when determining the 

suitability of breast cancer patients for adjuvant therapy with DNA-damaging 

agents. They may also be useful in the future development of drugs that target 

DNA repair pathways in all cancer patients.
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요약 (국 초 ) 

방암 자에  ataxia-telangiectasia mutated 단백  

소실과 후 및 안트라싸이클린 계열 

보조항암 학치료  효과  연 에 한 연구  

 

： 방암 자에  ataxia-telangiectasia mutated (ATM) 단백  발

과 임상병리학 인 특  및 후  연  분 해보고자 하

다.  

방법:  시행한 420명  방암 자  종양조직에  면역조직

학염색  통해 ATM 단백  발 여부를 인하 다.  

결과： 420명  자  종양 조직  407명에  ATM 단백  발

여부를 평가할  있었 며, 126명 (31.0%)에  ATM 단백  소실  

인하 다. ATM 단백  소실이 있는 자는 그 지 않  경우에 

해 질병생존 간이 하게 짧았다 (5  질병생존  81.2% 

vs. 90.7%, p = 0.015). 다변량 분 에 , ATM 단백  소실과 함께 p53 

단백  상  발 이 있는 경우 하게 질병생존 간  짧

았다 ( 험  3.48; 95% 신뢰구간 1.48 - 8.17, p = 0.004). 다변량 분

에  ATM 단백 소실 단독  불량한 후  연 이 있었 나 통계

학   없었다 ( 험  1.74; 95% 신뢰구간 0.95 - 3.20; p = 

0.075). 하 집단 분 에 , 안트라싸이클린 계열 보조항암 학치료
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를 받지 않  군에 는 ATM 단백  소실이 불량한 후  연 이 

있었 나 (5  질병생존  92.7% vs. 68.1%, p = 0.002), 안트라싸이

클린 계열 보조항암 학치료를 받  자에 는 이러한 후  차

이가 소실 어 (5  질병생존  89.8% vs. 84.4%, p = 0.243), ATM 

단백  소실이 있는 자에  안트라싸이클린 계열 항암치료  효

과가 높  시사하 다.  

결 : 방암에  ATM 단백  소실  불량한 후  연 이 있

었 며 이는 안트라싸이클린 계열 보조항암 학요법  사용여부에 

존 이었다. ATM 단백  소실  안트라싸이클린 계열 보조항암

학치료  효과를 측하는 실용 인 지 가   있겠다.  

 

주요어: ataxia-telangiectasia mutated (ATM); p53; 면역 학염색; 후; 

안트라싸이클린; PARP-1 억  

학번: 2013-21729
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