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Optimal surgical procedure 
for treating early‑stage adenoid 
cystic carcinoma of the breast
Tao Huang 1, Qigen Fang 2, Lianjie Niu 1, Lina Wang 1 & Xianfu Sun 1*

To explore the superiority of breast conservation surgery (BCS) to mastectomy in treating early‑
stage adenoid cystic carcinoma of the breast (BACC). Patients with surgically treated stage I/II 
BACC were enrolled between 2000 and 2019 in the SEER database; they were divided into the BCS 
and mastectomy groups. Overall survival (OS) and disease‑specific survival (DSS) were compared 
between the two groups, and Cox hazard regression models were used to determine the independent 
predictors. Of the 583 patients in the study, 386 were included in the BCS group. The 10‑year OS 
rates for the BCS and mastectomy groups were 78% (95% CI: 74–82%) and 76% (95% CI: 70–82%), 
respectively, but the difference was not statistically significant (p = 0.968). The 10‑year DSS rates for 
the BCS and mastectomy groups were 95% (95% CI: 93–97%) and 89% (95% CI: 85–93%), respectively, 
and the difference was statistically significant (p = 0.002). Pathological examination of regional lymph 
nodes and adjuvant treatment were not associated with improved OS or DSS, but age, disease grade, 
and lymph node metastasis were independent prognostic factors. For stage I/II BACC, BCS can achieve 
more satisfactory 10‑year OS and DSS than mastectomy.

Breast cancer is the most common malignant tumor in  women1; there were approximately 2.3 million new breast 
cancer cases and 685,000 breast cancer deaths worldwide in  20202. Of these cases, adenoid cystic carcinoma of 
the breast (BACC) accounts for less than 0.1%3. Most of these tumors exhibit indolent clinical behavior with a 
low tendency for axillary lymph node involvement and distant metastasis, showing significant differences from 
other pathologic types. The 10-year survival rate is usually greater than 90%4.

Surgery is the mainstay of treatment for BACC owing to the rarity of the disease, related reports are usually 
case series with limited patients, and the surgical procedures vary from lumpectomy to radical  mastectomy5–9. 
The excellent survival profile of patients with BACC raises the important question of whether more breast tissue 
could be preserved during cancer ablation. Unfortunately, current evidence has only focused on the survival 
benefit added by adjuvant radiotherapy or chemotherapy, and its sample size is relatively  limited10–15.

Therefore, the current study aimed to explore the superiority of breast conservation surgery (BCS) to other 
procedures in treating early-stage BACC.

Patients and methods
Patient selection. All data were derived from The Surveillance, Epidemiology, and End Results (SEER) Pro-
gram, which provides information on cancer statistics to reduce the cancer burden among the US  population16. 
The profiles of patients with surgically treated BACC between 2000 and 2019 were retrieved. Patients with stage 
I/II BACC were included, while those without information on surgical procedures or follow-up were excluded. 
Data regarding demography, histological grade, tumor size, treatment, and follow-up were extracted and ana-
lyzed.

Ethical review was not required as the data were accessible to the public.

Statistical analysis. The patients were divided into the BCS and mastectomy groups, where BCS referred 
to partial mastectomy (less than total mastectomy). The Chi-square test was used to assess the differences in clin-
icopathologic variables between the two groups. The overall survival (OS) and disease-specific survival (DSS) of 
the groups were compared using the Kaplan–Meier method, and univariate and multivariate analyses were used 
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to detect predictors for OS and DSS in the entire population. All statistical analyses were performed using SPSS 
20.0, and p < 0.05 was considered significant.

Results
Baseline data. Overall, 583 patients were included in the analysis; of these, 6 were men and 577 were 
women, with a mean age of 68.5 ± 20.5 years. A total of 386 patients received BCS and 197 patients did not. Both 
groups had similar distributions of age, sex, marriage, race, side, chemotherapy, and other criteria (all p > 0.05). 
However, 62.1% and 9.1% of patients in the BCS and mastectomy groups, respectively, underwent radiotherapy, 
and the difference was statistically significant (p < 0.001). Patients in the BCS group were more likely to undergo 
lymph node examination (p < 0.001). Compared to 54.3% in the mastectomy group, the BCS group had a lower 
rate (37.0%) of stage II (p < 0.001). Higher pathologic grade was more commonly seen in the mastectomy group 
(p < 0.001) (Table 1).

Overall survival. OS showed different trends among different age subgroups (Fig.  1); patients aged 
45–59  years had the best OS with a 10-year rate of 94% (95% CI: 91%–99%), and patients aged more than 
75 years had the poorest survival with a 10-year rate of 36% (95% CI: 24–48%). Grade III/IV patients had a 

Table 1.  Comparison of clinicopathologic variables between breast conservation surgery (BCS) group and 
mastectomy group. *BCS Breast conservation surgery. & : Comparison between BCS and non-BCS groups.

Variable Overall cohort (n = 583)
BCS*
(n = 386)

Mastectomy
(n = 197) p&

Age

 ≤  44 47 31 16

 45–59 224 144 80

 60–75 211 140 71

 75 + 101 71 30 0.770

Sex

 Female 577 384 193

 Male 6 2 4 0.187

Marital status

 Married 343 224 119

 Single 71 49 22

 Others 169 113 56 0.816

Race

 White 526 346 180

 Others 57 40 17 0.505

Side

 Left 292 195 97

 Right 291 191 100 0.770

Grade

 I 291 229 62

 II 194 132 62

 III + IV 98 58 40  < 0.001

Radiotherapy 258 240 18  < 0.001

Chemotherapy 73 45 28 0.378

Duration between diagnosis and surgery

  ≤ 1 month 477 311 166

  > 1 month 106 75 31 0.274

Regional nodes examined

 0 144 124 20

 1–4 308 224 84

 5–9 77 42 35

 10 + 54 29 25  < 0.001

Disease stage

 I 333 243 90

 II 250 143 107  < 0.001

ER (+) 103 75 28 0.118

PR (+) 55 36 19 0.901

HER2 (+) 3 2 1 1.000
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10-year OS rate of 52% (95% CI: 40–64%), which was statistically better than 80% (95% CI: 74–86%) in grade I/II 
patients (Fig. 2, p < 0.001). The 10-year OS rates for the N0 and N + groups were 79% (95% CI: 75–83%) and 34% 
(95% CI: 12–56%), respectively, and the difference was statistically significant (Fig. 3, p < 0.001). Additional Cox 
model analysis confirmed the independence of patients aged 45–59 years (HR: 0.26; 95% CI: 0.12–0.58), patients 
aged 75 + years (HR: 2.77; 95% CI: 1.36–5.62), patients with grade III/IV BACC (HR: 1.93; 95% CI: 1.22–3.06), 
and patients with lymph node metastasis (HR: 4.99; 95% CI: 2.38–10.49) in affecting the OS (Table 2).

Subgroup analysis of OS. The 10-year OS rates for the BCS and mastectomy groups were 78% (95% CI: 
74–82%) and 76% (95% CI: 70–82%), respectively; the difference was not statistically significant (Fig. 4A, p = 
0.968). To further explore the potential effect of the type of surgery, OS was compared between different sub-
groups. BCS and mastectomy patients had a similar 10-year OS distribution for those aged ≤ 44 years (Fig. 1, 
p = 0.189), 45–59 years (Fig. 1, p = 0.352), 60–75 years (Fig. 1, p = 0.423), and 75 + years (Fig. 1, p = 0.481). Grade 
I (Fig. 2, p = 0.099), II (Fig. 2, p = 0.642), and III/IV (Fig. 2, p = 0.241) patients had comparable OS between BCS 
and mastectomy. Both N0 and N + groups had an equal distribution of OS (p = 0.761 and p = 0.501, Fig. 3).

Figure 1.  Comparison of overall survival in different age groups.

Figure 2.  Comparison of overall survival in different grades.
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Disease‑specific survival. The 10-year DSS rates for BCS and mastectomy patients were 95% (95% CI: 
93–97%) and 89% (95% CI: 85–93%), respectively, and the difference was statistically significant (Fig. 4B, p = 
0.002). The significance of age, grade, chemotherapy, lymph node metastasis, and HER 2 in influencing DSS 
was also noted in univariate Cox analysis. Additional multivariate analysis confirmed the independence of age 
45–59 years and BCS in improving DSS and that of grade III/IV disease and lymph node metastasis in decreas-
ing DSS (Table 3).

Discussion
This study intended to explore the optimal management of stage I/II BACC, and the most important finding was 
that BCS could achieve comparable OS to and better DSS than other surgical procedures; pathological examina-
tion of regional lymph nodes or adjuvant treatment did not provide an additional survival benefit. This study 
clarified that BCS alone might be sufficient for treating stage I/II BACC without compromising the prognosis.

There has been considerable progress in breast cancer treatment in recent years, and BCS has become an 
attractive alternative therapy option for early-stage breast  cancer17. Saifi et al.18 compared OS and DSS between 
BCS and mastectomy cohorts in stage I/II triple-negative breast cancer using the SEER database and found that 
BCS patients had 5-year OS and DSS rates of 89% and 93%, respectively, which were both significantly higher 
than those in mastectomy group. Chu et al.19 also reported that the 10-year OS and DSS were better among 
those who underwent BCS (OS: 80.0%; DSS: 92.7%) than among those who underwent mastectomy (OS: 69.3%; 
DSS: 88.8%). Even after controlling for co-factors, mastectomy was associated with a 29.8% increased risk of 
cancer-specific death and a 28.6% increased risk of overall death. van Maaren et al.20 reported that the BCS and 
mastectomy groups showed equal 10-year OS, DSS, and distant metastasis-free survival in T1-2N2 breast cancer, 
and after stratification, improved OS and DSS were noted in patients with T2N2 disease. Similar findings were 
also reported in other  studies21,22. These reports suggest that BCS did not worsen the oncologic prognosis, at 
least for early-stage breast cancer; however, most BACC cases were triple-negative but had different biological 
behaviors from classic breast cancer, which then raised the question of whether the same conclusion could apply 
to BACC. The current study might be the first to report that the two groups showed similar OS, but better DSS 
with BCS, suggesting the superiority of BCS in treating BACC.

Lymph node metastasis is an adverse pathological feature and predicts a worse prognosis for most  cancers23–25. 
The current study supports this viewpoint; lymph node metastasis is related to a nearly fourfold increased risk 
of overall death and a 6.5-fold increased risk of cancer-caused death. Therefore, timely detection of occult 
metastasis is important to achieve better regional control. BACC is associated with low lymph node metastasis; 
no positive lymph nodes were found in six cases in a report by Treitl et al.6. Moreover, in a multicenter study of 
31 patients who underwent axillary lymph node dissection, only 2 patients had pathological  metastases26; this 
is also supported by our findings. Compared to observation, pathological examination of regional lymph nodes 
did not provide any survival benefit. No similar literature was available for comparison, but we speculated that 
the finding was contributed to by two factors: one was the low possibility of lymph node metastasis, and another 
was that the main cause of death was distant metastasis but not regional  metastasis27.

Figure 3.  Comparison of overall survival in cases with different regional lymph node statuses.
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Table 2.  Univariate and multivariate Cox analyses of clinicopathologic variables in affecting the overall 
survival. *BCS breast conservation surgery.

Variable

Univariate Multivariate

p HR [95%CI] p HR [95%CI]

Age

 ≤  44

 45–59  < 0.001 0.24 [0.12–0.48] 0.001 0.26 [0.12–0.58]

 60–75 0.556 0.91 [0.50–1.67] 0.814 0.96 [0.48–1.92]

 75 +  < 0.001 3.39 [1.87–6.17] 0.003 2.77 [1.36–5.62]

Sex (Female vs. male) 0.535 1.43 [0.35–5.78]

Marital status

 Married

 Single 0.204 1.39 [0.84–2.31] 0.317 1.30 [0.73–2.30]

 Others  < 0.001 1.92 [1.37–2.70] 0.116 1.40 [0.93–2.11]

Race

 White

 Others 0.563 0.73 [0.10–5.26]

Side (Left vs. right) 0.388 1.09 [0.80–1.50]

Operation type (Mastectomy vs. BCS*) 0.968 0.99 [0.71–1.38]

Grade

 I

 II 0.847 1.01 [0.65–1.56] 0.773 0.97 [0.62–1.52]

 III + IV  < 0.001 2.36 [1.52–3.67] 0.002 1.93 [1.22–3.06]

Radiotherapy 0.107 0.78 [0.56–1.07]

Chemotherapy 0.442 1.16 [0.75–1.78]

Duration between diagnosis and surgery (≤ 1 month  vs. > 1 month) 0.794 0.95 [0.60–1.49]

Regional nodes examined

 0

 1–4 0.033 0.62 [0.41–0.94] 0.464 0.86 [0.53–1.39]

 5–9 0.167 0.64 [0.36–1.12] 0.732 0.92 [0.47–1.80]

 10 + 0.662 0.95 [0.57–1.56] 0.358 0.79 [0.42–1.50]

Disease stage (II vs. I) 0.534 1.42 [0.75–2.01]

N (N + vs.N0)  < 0.001 5.22 [3.00–9.09]  < 0.001 4.99 [2.38–10.49]

ER (Negative vs. positive) 0.333 0.76 [0.48–1.21]

PR (Negative vs. positive) 0.467 0.82 [0.48–1.43]

HER2 (Negative vs. positive) 0.309 3.14 [0.44–22.48]

Figure 4.  Comparison of overall survival (A) disease-specific survival (B) between breast conservation surgery 
(BCS) and mastectomy in the entire cohort.
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Owing to the key role of age in prognosis, it was suggested that “age” should be added to a future edition of 
the AJCC Breast Cancer Staging  Manual28. A previous study proposed that early-onset breast cancer tended to 
show adverse features of high grade, triple-negativity, multifocality, and a high proliferation index, translating 
into worse survival in young  patients29. Young patients also tended to have a higher number of metastatic  sites30. 
However, Berliner et al.’s study found contradicting  results31. The authors enrolled 174 consecutive patients with 
breast cancer with central nervous system involvement and divided them into two groups with an age cutoff 
of 45 years. They reported that the younger group was characterized by longer OS in the entire population and 
longer DSS in a subgroup of triple-negative breast cancer. All the findings indicated that the role of age remained 
to be further clarified. In the current study, patients aged 45–59 years had the best OS and DSS among 4 different 
age subgroups. This finding might be explained by the fact that patients aged 45–59 years had better health status 
than older patients and tolerated aggressive treatment better. Moreover, as patients aged 45–59 years were usually 
at the zenith of their careers, economic superiority afforded them better medical resources.

The survival significance of pathologic grade has been widely analyzed. BACC is triple-negative, and triple-
negative breast cancer usually carries a poor prognosis and requires systemic chemotherapy. However, BACC is 
heterogeneous with the presence of transcriptional, marked genetic, clinical, and histologic differences, ranging 
from low to high  grade32, histology grade III–IV was related to the hazard of mortality increased, and indicator 
of adjuvant treatment, although whether adjuvant therapy could optimize the prognosis of patients at high-risk 
remained a  concern7,8. However, patients with high-grade cancer have a clinically satisfactory prognosis, which 
may be explained by the phenomenon found in salivary gland adenoid cystic cancer: distant metastasis was the 
most common type of treatment failure, but it still maintained a relatively slow growth  rate27.

Some limitations in the current study must be acknowledged: the SEER database is prone to selection bias. 
We cannot determine why a patient received nodal sampling, mastectomy, BCS, or adjuvant therapy. Moreover, 

Table 3.  Univariate and multivariate Cox analyses of clinicopathologic variables in affecting the disease 
specific survival. *BCS Breast conservation surgery.

Variable

Univariate Multivariate

p HR [95%CI] p HR [95%CI]

Age

 ≤  44

 45–59  < 0.001 0.21 [0.09–0.50] 0.007 0.26 [0.10–0.70]

 60–75 0.022 0.374 [0.17–0.85] 0.067 0.45 [0.18–1.14]

 75 + 0.109 0.50 [0.19–1.29] 0.054 0.08 [0.08–1.09]

Sex (Female vs. male) 0.337 2.34 [0.32–16.98]

Marital status

 Married

 Single 0.089 2.08 [0.92–4.72]

 Others 0.290 1.73 [0.89–3.33]

Race

 White

 Others 0.412 2.73 [0.37–19.93]

Side (Left vs. right) 0.157 1.62 [0.89–2.98]

Operation type (BCS* vs. mastectomy) 0.002 0.41 [0.22–0.74] 0.012 0.46 [0.23–0.90]

Grade

 I

 II 0.564 1.27 [0.50–3.20] 0.887 1.03 [0.40–2.66]

 III + IV  < 0.001 5.59 [2.49–12.54] 0.001 3.84 [1.61–9.14]

Radiotherapy 0.165 0.66 [0.36–1.22]

Chemotherapy 0.001 2.89 [1.53–5.45] 0.205 1.52 [0.66–3.53]

Duration between diagnosis and surgery (≤ 1 month vs > 1 month) 0.899 0.99 [0.44–2.23]

Regional nodes examined

 0

 1–4 0.308 1.85 [0.64–5.34]

 5–9 0.111 2.47 [0.74–8.22]

 10 + 0.145 2.53 [0.76–8.44]

Disease stage (II vs. I) 0.092 1.94 [0.92–5.22]

N (N + vs. N0)  < 0.001 9.80 [4.52–21.24]  < 0.001 7.57 [2.99–19.21]

ER (Negative vs. positive) 0.357 0.73 [0.31–1.73]

PR (Negative vs. positive) 0.882 0.83 [0.30–2.32]

HER2 (Negative vs. positive) 0.049 9.27[1.27–67.86] 0.456 5.17 [0.63–42.52]
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as data on lymphovascular invasion, margin status, and treatment intent could not be obtained, it might have 
affected the survival outcome.

In conclusion, for patients with stage I/II BACC, BCS could provide satisfactory 10-year OS and DSS. Patho-
logical examination of regional lymph nodes and adjuvant treatment did not provide an apparent survival benefit; 
age, disease grade, and lymph node metastasis were the most important prognostic factors.

Data availability
All data generated or analyzed during this study are included in this published article. And the primary data 
could be achieved from the corresponding author.
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