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Purpose: This study aimed to assess the effect of comorbidities on prognosis using the Age-adjusted Charlson Comorbidity Index 
(ACCI) among the elderly with breast cancer (BC).
Methods: This study included 745 patients divided into two groups following the ACCI score (≤3 vs >3). Multivariate logistic 
regression analysis was conducted for all kinds of outcomes, including BC-specific death (BCSD) and non-breast cancer-specific death 
(NBCSD). The Kaplan–Meier curves were plotted, and survival analysis was conducted for disease-free survival (DFS), overall 
survival (OS), BC-specific survival (BCSS), and non-BCSS (NBCSS).
Results: A significantly higher NBCSD was found in the high-score (ACCI > 3) group than in the low-score (ACCI < 3) group (p = 0.032). 
The multivariate logistic regression analysis revealed ACCI score as an independent affecting factor for all-cause death (hazard ratio [HR] = 
0.42, 95% confidence interval [CI]: 0.22–0.83, p = 0.012) and NBCSD (HR = 0.41, 95% CI: 0.20–0.87, p = 0.020). The Kaplan–Meier 
curves revealed statistical differences only in NBCSS between the two groups (p = 0.039). Subgroup analysis revealed a worse prognosis in 
the high-score group for OS and NBCSS among hormone receptor-positive participants and those who without undergoing axillary 
dissection or receiving chemotherapy (all p < 0.05). Multivariate Cox regression analysis revealed ACCI as an independent prognostic 
predictor for OS (HR = 2.18, 95% CI: 1.22–3.92, p = 0.009) and NBCSS (HR = 2.04, 95% CI: 1.02–4.08, p = 0.044).
Conclusion: ACCI was indeed an effective indicator of the effects of comorbidities on survival among elderly patients with BC. 
However, the co-effect from age and comorbidities was not significant enough on cancer-specific prognosis, although it exerted 
a significant effect on treatments received.
Keywords: comorbidity, elderly, breast cancer, Age-adjusted Charlson Comorbidity Index, prognosis

Introduction
Breast cancer (BC) incidence and mortality rates remain increasing in both developing and developed countries.1 The number 
of females aged ≥70 years who are affected by BC worldwide is dramatically increasing.2 BC is rapidly increasing among the 
elderly in China based on the largest population and increasing aging. The epidemiological profile data regarding BC in China 
reported the second onset age peak of BC morbidity after 70 years old, and the proportion of patients aged >65 is expected to 
exceed one-fifth in 2020 and reach 27.0% by 2030.3 However, some controversies remain to be resolved due to the lack of 
high-quality evidence. Tumor biological behavior, treatment tolerance, and comorbid status among the elderly prominently 
differ from their young counterparts.4 Studies focusing on the global population confirmed more favorable biological behavior 
of tumors among elderly patients compared with younger patients.5,6 Age and comorbidity are both important decisive factors. 
Previous studies revealed that the presence of comorbid conditions and age at diagnosis were significantly associated with 
overall survival (OS) and all-cause mortality.7 Moreover, a large population cohort study including >60,000 patients from 
Denmark confirmed an increased risk of BC-specific death with increasing severity of comorbid conditions.8 However, no 
study focused on the correlation between comorbidity and prognosis among elderly patients with BC in China.
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Several methods for evaluating comorbidities (eg, the Charlson Comorbidity Index [CCI]) have been introduced in the 
comprehensive geriatric assessment (CGA) by the National Comprehensive Cancer Network Clinical Practice Guidelines,9 

although the updated recommendations from the International Society of Geriatric Oncology and European Society of Breast 
Cancer Specialists emphasized that robust evidence remains lacking on the effectiveness of CGA.10 The CCI was proposed by 
Charlson et al in 1987, and the Age-adjusted CCI (ACCI) was put forward based on their study results in 1994.11,12 To date, 
ACCI has shown predictive value in assessing the relationship between comorbidity and survival in various cancers.13–18 

ACCI was proven as a better tool than the CCI and Elixhauser comorbidity indices even in patients with lung cancer.19 No 
studies focused on the co-effect of comorbidity and age among elderly patients with BC by ACCI, although comorbidities 
were particularly common in the elderly patients. This study aimed to use the ACCI for assessing the effect of comorbidities on 
prognosis among elderly patients with BC by survival analysis from multiple perspectives and further determine ACCI as 
a decisive factor for the prognosis of the target population through regression analysis.

Materials and Methods
Patients Selection
The consensus on breast carcinoma treatment in elderly patients in China recommended that patients aged ≥70 years with BC 
were regarded as elderly BC cases.20 This study included female patients who were diagnosed as BC and underwent breast 
conserving surgery (BCS) or mastectomy at our hospital from January 1, 2000, to December 31, 2015. Patients who had 
bilateral simultaneous or heterochronous (age at first onset <70) BC and who had distant metastasis at diagnosis were all 
excluded from the study to facilitate the detection of postoperative local recurrence or distant metastasis. Finally, this study 
included 745 patients following the inclusion and exclusion criteria (Figure 1). Tumor, lymph node, and metastasis (TNM) 
stage was determined according to the American Joint Committee on Cancer 8th edition. Written informed consent was 
obtained from all patients before commencing any of the medical procedures when they were admitted into our department. 
All patients were regularly followed up by our dedicated staff. Follow-ups were conducted once every six months for three 
years postoperatively and annually thereafter. The main methods included telephone queries, outpatient clinic visits, and 
WeChat interviews. Follow-up was terminated on January 31, 2020, with a median duration of 63 months. The specific cause 
of death was recorded and classified as BC-specific death (BCSD) and non-BCSD (NBCSD). Disease-free survival (DFS), 
OS, BC-specific survival (BCSS), and non-BCSS (NBCSS) were separately analyzed according to the cause of death.

Figure 1 The flowchart.
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Comorbidities and ACCI Score
All participants’ comorbid statuses were recorded in detail upon admission, including self-reported medical histories and 
previous medical records. Then, their comorbid statuses were measured according to ACCI score criteria. Specifically, 
the ACCI score was calculated by adding one point to the CCI score for every decade starting from 70 years old (70–79 
score: +1, 80–89 score: +2, and ≥90 score: +3). This study did not include BC in the ACCI calculation.

Statistical Analyses
All patients were divided into two groups according to ACCI scores: the low-score group (≤3 points) and the high-score 
group (>3 points). A score of >3 is associated with mortality risk in other malignancies, as previously reported.21 Thus, 
this study selected an ACCI score of 3 as the cut-off value. Associations between ACCI and patient characteristics were 
analyzed by Chi-Square tests. Multivariate logistic regression analysis was used to estimate the hazard ratio (HR) with 
a corresponding 95% confidence interval (CI) range for relationships between ACCI and different ending events. 
Survival analysis was plotted by the Kaplan–Meier curve with Log rank test results. Cox proportional hazard models 
were used to detect whether ACCI was an independent predicting factor for survival outcomes. All statistical analyses 
were performed by Statistical Package for the Social Sciences Statistics version 23 (IBM Corp., Armonk, NY, USA). All 
p-values were two-sided and p-values of <0.05 were considered statistically significant.

Results
Demographic Characteristics
All participants’ data (n = 745) were shown in Table S1. In our cohort, the patients’ ages range from 70 to 93, 52% 
between 70 and 74 years, 29.1% between 75 and 79 years, 14.0% between 80 and 84 years, 3.4% between 85 and 89 
years, 1.1% over 90 years. About 75.2% patients developed one or more kinds of comorbidity. For ACCI Score, 41.6% 
score 1, 29.4% score 2, 19.2% score 3, 9.8% score over 3. Regarding surgical methods, patients underwent BCS with 
axillary dissection at the rate of 2.6% while without axillary dissection at 48.5%, and patients underwent mastectomy 
with axillary dissection at 46.8% while without axillary dissection at 2.1%. As for adjuvant therapy, 66.0% patients 
received endocrine therapy, 23.9% received chemotherapy and 5.4% received radiotherapy. For outcomes, 17.6% patients 
had recurrence or metastasis with 6.6% recurrence and 13.0% metastasis, 17.3% patients were in all cause death with 
5.8% BCSD and 11.5% NBCSD.

ACCI Score and Pathological Features
The 745 patients were divided into two groups according to ACCI score: ACCI ≤ 3 group (n = 672) and ACCI > 3 group 
(n = 73). The differences in pathological factors between two groups were analysed by the chi-squared test (Data are 
shown in Table 1). The proportion of hormone receptor positive patients was obviously higher in the ACCI > 3 group 
(88.1% vs 76.2%, p = 0.037). The ACCI score was only correlated with hormone receptor status, and there was no 
statistically significant association obtained with other factors such as histologic type, grade, lymph node status, TNM 
stage, disease degree, and molecular subtype. Therefore, the pathological features of BC are not related to other 
comorbidities of the BC patients.

ACCI Score and Treatment Methods or Outcomes
The differences in treatment methods or outcome incidence between two groups were also analysed by the chi-squared test 
(Table 2). In the ACCI > 3 group, a much higher proportion of patients underwent BCS than mastectomy (71.2% vs 48.8%, p < 
0.001) and underwent axillary treatment than not underwent axillary dissection (48.1% vs 74.0%, p < 0.001). Regarding 
adjuvant therapy, the proportion of ACCI ≤ 3 group who received postoperative chemotherapy was significantly higher than 
ACCI > 3 group (31.0% vs 15.3%, p = 0.012). There is no significant difference between two groups for radiotherapy (7.0% vs 
3.4%, p = 0.413) and endocrine therapy (78.1% vs 82.0%, p = 0.484). There was also no obvious difference in local recurrence 
or distant metastasis, all-cause death, or BCSD incidence (all p > 0.05), but the incidence of NBCSD was significantly higher 
in the ACCI > 3 group than the ACCI ≤ 3 group (19.4% vs 10.7%, p = 0.032).
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ACCI Score and Specific Comorbid Diseases
Independent statistical analyses in Table 3 were performed for comorbid diseases. The ACCI > 3 group had a significantly 
higher incidence rate in overall (98.6% vs 72.6%, p < 0.001) and almost every single type of disease such as hypertension, 
arrhythmia, coronary heart disease, diabetes mellitus, asthma or chronic obstructive pulmonary disease, cerebrovascular 
disease, peripheral vascular disease, other endocrine diseases, connective tissue disease, chronic kidney disease, chronic liver 
disease, and other malignant solid tumors (p < 0.05). We also investigated the connection between single comorbid disease 
and outcomes. There was no significant difference in the distribution of local recurrence or distant metastasis for patients with 
every specific disease (all p > 0.05). However, patients with arrhythmia (27.3% vs 16.4%, p = 0.026), heart failure (75.0% vs 
17.1%, p = 0.018), and chronic kidney disease (34.6% vs 16.7%, p = 0.030) had a higher risk of all-cause death in different 
degrees. And patients with arrhythmia had a higher risk of NBCSD (19.7% vs 10.8%, p = 0.030). No other single disease was 
significantly associated with BCSD (p > 0.05) except for coronary heart disease (0.8% vs 6.8%, p = 0.010) (Table S2).

Table 1 Pathological Features According to ACCI Score

Parameter ACCI≤3 (%)  
N=672

ACCI>3 (%)  
N=73

P value

Histologic type Carcinoma in situ 75 (11.3) 8 (11.3) 0.922

IDC 478 (72.1) 54 (76.1)

ILC 38 (5.7) 3 (4.2)
Special types* 54 (8.1) 5 (7.0)

Other types 18 (2.7) 1 (1.4)

Grade High 92 (21.3) 9 (21.4) 0.957
Moderate 229 (53.0) 22 (52.4)

Low 111 (25.7) 11 (26.2)
Lymph node status Positive 123 (39.8) 8 (50.0) 0.418

Negative 186 (60.2) 8 (50.0)

T stage Tis 65 (10.9) 7 (12.1) 0.935
1 303 (50.8) 32 (55.2)

2 211 (35.4) 18 (31.0)

3 15 (2.5) 1 (1.7)
4 2 (0.3) 0 (0.0)

N stage 0 186 (60.2) 8 (50.0) 0.541

1 61 (19.7) 3 (18.8)
2 30 (9.7) 3 (18.8)

3 32 (10.4) 2 (12.5)

TNM stage 0 21 (7.0) 1 (6.3) 0.727
1 103 (34.3) 4 (25.0)

2 114 (38.0) 6 (37.5)

3 62 (20.7) 5 (31.3)
Tumor stage TNM stage 0–2 238 (79.3) 11 (68.8) 0.313

TNM stage >2 62 (20.7) 5 (31.2)

Hormone receptor status Positive 454 (76.2) 52 (88.1) 0.037
Negative 142 (23.8) 7 (11.9)

HER-2 status Positive 56 (10.8) 3 (6.3) 0.459

Negative 463 (89.2) 45 (93.7)
Molecular subtype Luminal 455 (78.0)) 52 (89.7) 0.142

HER-2 34 (5.8) 1 (1.7)

TNBC 94 (16.1 5 (8.6)

Notes: *Tubular carcinoma, mucinous carcinoma and papillary carcinoma. All p value<0.05 were in bold. 
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; IDC, invasive ductal carcinoma; TNM, tumor, 
lymph node, and metastasis; ILC, invasive lobular carcinoma.
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Univariate and Multivariate Logistic Regression Analysis
The univariate analysis results indicated that ACCI was only significantly related to incidence of NBCSD (HR = 0.56, 
95% CI: 0.33–0.94, p = 0.032). However, in the multivariate logistic regression analysis, ACCI score was an independent 
affecting factor for all-cause death (HR = 0.42, 95% CI: 0.22–0.83, p = 0.012), NBCSD (HR = 0.41, 95% CI: 0.20–0.87, 

Table 2 Treatment and Outcomes According to ACCI Score

Parameter ACCI≤3 (%)  
N=672

ACCI>3 (%)  
N=73

P value

Breast surgery type <0.001
BCS 328 (48.8) 52 (71.2)

Mastectomy 344 (51.2) 21 (28.8)
Axillary dissection <0.001

Yes 323 (48.1) 54 (74.0)

No 349 (51.9) 19 (26.0)
Adjuvant treatment

Chemotherapy 169 (31.0) 9 (15.3) 0.012
Radiotherapy 38 (7.0) 2 (3.4) 0.413

Endocrine therapy 442 (78.1) 50 (82.0) 0.484

Recurrence or metastasis 116 (17.3) 15 (20.5) 0.484
Recurrence 46 (6.9) 3 (4.1) 0.465

Metastasis 84 (12.5) 13 (17.8) 0.201

All-cause death 111 (16.5) 18 (24.7) 0.082
BCSD 39 (5.8) 4 (5.5) 0.910

NBCSD 72 (10.7) 14 (19.2) 0.032

Note: All p value<0.05 were in bold. 
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; BCS, breast con-
serving surgery; BCSD, breast cancer-specific death; NBCSD, non-breast cancer-specific 
death.

Table 3 Incidence of Specific Comorbidities According to ACCI Score

Parameter ACCI≤3 (%)  
n=672

ACCI>3 (%)  
n=73

P value

Comorbidities 488 (72.6) 72 (98.6) <0.001
Hypertension 371 (55.2) 53 (72.6) 0.004
Diabetes mellitus 145 (21.6) 41 (56.2) <0.001
Coronary heart disease 86 (12.8) 37 (50.7) <0.001
Arrhythmia 53 (7.9) 13 (17.8) 0.005
Hyperlipidemia 72 (10.7) 7 (9.6) 0.767

COPD or asthma 5 (0.7) 6 (8.2) <0.001
Myocardial infarction 6 (0.9) 2 (2.7) 0.180

Heart failure 3 (0.4) 1 (1.4) 0.339
Cerebrovascular disease 28 (4.2) 20 (27.4) <0.001
Peripheral vascular disease 14 (2.1) 6 (8.2) 0.009
Other endocrine disease 17 (2.5) 7 (9.6) 0.006
Connective tissue disease 8 (1.2) 5 (6.8) 0.005
Chronic kidney disease 14 (2.1) 12 (16.4) <0.001
Chronic liver disease 4 (0.6) 6 (8.2) <0.001
Gastrointestinal ulcer or inflammation 14 (2.1) 2 (2.7) 0.665

Other solid malignant tumor 27 (4.0) 24 (32.9) <0.001

Note: All p value<0.05 were in bold. 
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; COPD, chronic obstructive 
pulmonary disease.
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p = 0.020) that patients with low score had better prognosis, but not for local recurrence, distant metastasis (HR = 0.63, 
95% CI: 0.32–1.25, p = 0.188) or BCSD (HR = 0.60, 95% CI: 0.19–1.92, p = 0.390) (Table 4).

Subgroup Analysis
All the significantly different mentioned parameters between the two groups in Table 1 and 2 were included in the subgroup 
analysis for further investigation (Table 5 and 6). Stratified by hormone receptor status, a significantly higher incidence of 
distant metastasis and all-cause death appeared in the high-score group among HR positive patients (21.2% vs 10.4%, p = 
0.021; 25.0% vs 12.8%, p = 0.017). Additionally, all-cause death and NBCSD proportion were significantly higher in the high- 

Table 4 Univariate Analysis and Multivariate Logistic Regression Analysis

Events Univariate Analysis Multivariate Analysis*

HR (95% CI) P value HR (95% CI) P value

Recurrence or metastasis

ACCI≤3 vs ACCI>3 0.84 (0.52–1.36) 0.484 0.63 (0.32–1.25) 0.188

All-cause death

ACCI≤3 vs ACCI>3 0.67 (0.43–1.04) 0.082 0.42 (0.22–0.83) 0.012

BCSD

ACCI≤3 vs ACCI>3 1.06 (0.39–2.88) 0.910 0.60 (0.19–1.92) 0.390

NBCSD

ACCI≤3 vs ACCI>3 0.56 (0.33–0.94) 0.032 0.41 (0.20–0.87) 0.020

Notes: *Multivariate logistic regression analysis was used to estimate HR with the corresponding 95% CIs. 
All p value<0.05 were in bold. 
Abbreviations: HR, hazard ratio; BCSD, breast cancer-specific death; NBCSD, non-breast cancer-specific 
death; BCS, breast conserving surgery; ACCI, Age-adjusted Charlson Comorbidity Index.

Table 5 Subgroup Analysis Between ACCI Scores and Recurrence or Metastasis

Subgroups ACCI 
Score

Recurrence or 
Metastasis (%)

P value Recurrence 
(%)

P value Metastasis 
(%)

P value

HR positive ≤3 65 (14.3) 0.043 26 (5.7) 0.990 47 (10.4) 0.021
>3 13 (25.0) 3 (5.8) 11 (21.2)

HR negative ≤3 45 (31.7) 0.102 18 (12.7) 0.599 33 (23.2) 0.349

>3 0 (0.0) 0 (0.0) 0 (0.0)
With 

Chemotherapy

≤3 53 (31.4) 0.470 21 (12.4) 0.601 40 (23.7) 0.228

>3 4 (44.4) 0 (0.0) 4 (44.4)

No 
Chemotherapy

≤3 52 (13.8) 0.242 21 (5.6) 0.752 37 (9.8) 0.181
>3 10 (20.0) 3 (6.0) 8 (16.0)

BCS ≤3 58 (17.7) 0.947 33 (10.1) 0.448 36 (11.0) 0.599

>3 9 (17.3) 3 (5.8) 7 (13.5)
Mastectomy ≤3 58 (16.9) 0.231 13 (3.8) 0.764 48 (14.0) 0.104

>3 6 (28.6) 0 (0.0) 6 (28.6)

No axillary 
surgery

≤3 54 (16.7) 0.744 33 (10.2) 0.281 31 (9.6) 0.244
>3 10 (18.5) 3 (5.6) 8 (14.8)

With axillary 

surgery

≤3 62 (17.8) 0.360 13 (3.7) 0.827 53 (15.2) 0.198

>3 5 (26.3) 0 (0.0) 5 (26.3)

Note: All p value<0.05 were in bold. 
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; HR, hormone receptor; BCS, breast conserving surgery.
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score group among patients not receiving chemotherapy (26.0% vs 10.9%, p = 0.003; 20.0% vs 8.0%, p = 0.016) and similar 
phenomenon also occurred in cases without undergoing axillary dissection (31.5% vs 16.5%, p = 0.009; 25.9% vs 11.8%, p = 
0.005). Patients undergoing BCS in the high-score group had a higher risk of all-cause death (30.8% vs 15.6%, p = 0.008) and 
NBCSD compared with those in the low-score group (25.0% vs 11.3%, p = 0.007).

Survival Analysis
The Kaplan–Meier curve results revealed that statistical difference was observed in NBCSS between two groups that the 
ACCI > 3 group has shorter survival interval (p = 0.039). There was no significant difference in OS and DFS between the 
two groups, although the ACCI > 3 group was shorter in survival interval (p > 0.05) (Figure 2). Stratified by factors such 
as hormone receptor status, surgical methods and without receiving chemotherapy, OS was dramatically different 
between two groups in hormone receptor positive patients (p = 0.038); OS and NBCSS were also significantly different 
between two groups in patients without receiving chemotherapy (p = 0.013, p = 0.029) or without undergoing axillary 
dissection (p = 0.015, p = 0.033) (Figure 3). In univariate analysis, it showed that the difference was prominent merely in 
NBCSS that ACCI ≤ 3 patients lived longer (HR = 1.80, 95% CI: 1.01–3.20, p = 0.045). After being adjusted for the 
disease degree, grade, hormone receptor status, molecular subtypes, without receiving chemotherapy, breast surgical 
methods and axillary dissection methods, multivariate Cox regression analysis demonstrated that ACCI score could be an 
independent predictor for OS (HR = 2.18, 95% CI: 1.22–3.92, p = 0.009) and NBCSS (HR = 2.04, 95% CI: 1.02–4.08, 
p = 0.044). No significant difference was found for BCSS neither in univariate analysis nor in multivariate Cox 
regression analysis (Table 7).

Discussion
Previous studies specially for the elderly women with BC in the Netherlands suggested that competing mortality risks 
from comorbidity should not be neglected in daily clinical practice as well as in clinical researches.22 Certain comorbid 
ailments had been proved to impair the prognosis of BC patients such as the type 2 diabetes mellitus.23 Some researches 
even observed an increasing risk of BCSD among BC patients with type 2 diabetes mellitus.24 In our study, participants 
with arrhythmia, heart failure, and chronic kidney disease have a significantly increasing risk of all-cause death. Besides, 
patients with arrhythmia had a higher risk of NBCSD. However, there was no single one disease that significantly 

Table 6 Subgroup Analysis Between ACCI Scores and Death Events

Subgroups ACCI All-Cause Death (%) P value BCSD (%) P value NBCSD (%) P value

HR positive ≤3 58 (12.8) 0.017 14 (3.1) 0.102 44 (9.7) 0.089
>3 13 (25.0) 4 (7.7) 9 (17.3)

HR negative ≤3 37 (26.1) 0.883 24 (16.9) 0.598 13 (9.2) 0.148

>3 2 (28.6) 0 (0.0) 2 (28.6)
With Chemotherapy ≤3 41 (24.3) 0.889 24 (14.2) 0.795 17 (10.1) 0.919

>3 2 (22.2) 1 (11.1) 1 (11.1)

No Chemotherapy ≤3 41 (10.9) 0.003 11 (2.9) 0.218 30 (8.0) 0.016
>3 13 (26.0) 3 (6.0) 10 (20.0)

BCS ≤3 51 (15.6) 0.008 14 (4.3) 0.715 37 (11.3) 0.007
>3 16 (30.8) 3 (5.8) 13 (25.0)

Mastectomy ≤3 60 (17.4) 0.549 25 (7.3) 0.665 35 (10.2) 0.708

>3 2 (9.5) 1 (4.8) 1 (4.8)
No axillary surgery ≤3 53 (16.5) 0.009 15 (4.6) 0.731 38 (11.8) 0.005

>3 17 (31.5) 3 (5.6) 14 (25.9)

With axillary surgery ≤3 58 (16.6) 0.332 24 (6.9) 0.785 34 (9.7) 0.238
>3 1 (5.3) 1 (5.3) 0 (0.0)

Note: All p value<0.05 were in bold. 
Abbreviations: ACCI, Age-adjusted Charlson Comorbidity Index; HR, hormone receptor; BCS, breast conserving surgery; BCSD, breast cancer- 
specific death; NBCSD, non-breast cancer-specific death.
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increased the risk of BCSD. ACCI score was an independent predictor for all-cause death, NBCSD, OS and NBCSS that 
patients with low score (ACCI ≤ 3) tended to less death event significantly. ACCI score has no correlation with BCSD 
and BCSS.

It is believed that comorbidity and age at diagnosis could influence whether the standard treatments could be given, 
thereby resulting in different outcomes.25 This phenomenon was observed both in surgical methods and postoperative 
adjuvant chemotherapy in this cohort. Patients who merely undergoing wide local excision were approximately 1.5 times 
more in the high-score group than the low-score group (71.2% vs 46.0%). Evidence was lacking to support the benefit of 
more aggressive treatment or so-called standard treatment schedules according to guidelines for younger counterparts.26 

However, the subgroup analysis revealed no significantly different effect of age and comorbid status on operation choices 
on the BCSD between the two groups. Apart from surgical methods, a literature review reported a dramatically 
decreasing compliance with chemotherapy and inferior long-term survival outcomes among patients with comorbidity 
compared to those without.27 Our cohort demonstrated no significantly higher incidence of local relapse, distant 
metastasis, and BCSD in the high-score group regardless of chemotherapy. A significantly higher incidence of all- 
cause death and NBCSD was detected in the high-score group in cases without receiving chemotherapy. Therefore, it can 
conclude that the presence of comorbidity has no correlation with BCSD, the reason may be patients received more or 
less aggressive treatments for the comorbidity in our clinical center.

There is still a paradoxical thought that, on the one hand, the risk of dying from BC may increase if patients do not receive 
the standard treatment, on the other hand, they may not benefit to live long enough and may even suffer more pain if they 
receive the standard treatment. Particularly, more attention has been paid to reducing the incidence of postoperative 

Figure 2 Kaplan–Meier survival curves with log-rank results for DFS, OS, BCSS, and NBCSS according to AACI scores in 745 patients. Thick line: the low-score (ACCI ≤ 3) 
group (n = 672). Dotted line: the high-score (ACCI > 3) group (n = 73). P-values of log-rank results were 0.335 for DFS, 0.085 for OS, 0.834 for BCSS, and 0.039 for NBCSS. 
Abbreviations: DFS, disease-free survival; OS, overall survival; BCSS, breast cancer-specific survival; NBCSS, non-breast cancer-specific survival; ACCI, age-adjusted 
Charlson Comorbidity Index.
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complications and improving the quality of life among elderly people with shorter life expectancy. Glas et al revealed that 
elderly patients with comorbidities had a higher risk of postoperative complications but the risk of BC-specific mortality was 
not higher, which indicated that high relative mortality was most likely due to geriatric parameters, such as age and 
comorbidity, but not postoperative complications.28 Wu et al confirmed that comorbidities had dramatically negative impacts 
on postoperative symptoms and the quality of life among patients with BC.29 However, relevant data collection and statistical 

Figure 3 Kaplan-Meier survival curves with log-rank P value for subgroup analysis according to AACI scores (all p < 0.05). Thick line: the ACCI ≤ 3 group (n = 672). Dotted 
line: the ACCI > 3 group (n = 73). (a) OS in hormone receptor positive patients. (b) OS in patients without receiving chemotherapy. (c) NBCSS in patients without receiving 
chemotherapy. (d) OS in patients without undergoing axillary dissection. (e) NBCSS in patients without undergoing axillary dissection. 
Abbreviations: ACCI, age-adjusted Charlson Comorbidity Index; OS, overall survival; NBCSS, non-breast cancer-specific survival.
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analysis on the above aspects were not available in our study. Further study may focus on the balance between the necessity for 
standard treatment and other demands in postoperative life considering the comorbid status.

This study was the first to explore the impact of comorbidity on elderly patients with BC in China, and the first to use 
ACCI as an independent variable to detect the impact of comorbidity worldwide. However, our study had some 
limitations. The comorbid conditions may be underestimated due to the retrospective nature of the study. Additionally, 
CCI was originally put forward based on the BC population and involved 19 kinds of comorbidities several decades ago. 
However, the current disease spectrum is extremely different from what existed 30 years ago (for example, common 
cardiovascular system conditions, such as hypertension, hyperlipidemia, and arrhythmia, were not included in the list). 
Thus, comorbid conditions were probably underestimated in disease types and severity. Improved tool models should be 
enacted, including optimal disease spectrum, and tested in large specific populations in the future. The median follow-up 
duration was 63 months, and prospective large-scale population study and long-term follow-up are needed to make the 
results more convincing given the relatively better prognosis of BC and increased life expectancy.

Conclusion
In conclusion, the ACCI score is an independent predictor for all-cause death and NBCSD. Moreover, it is a significant 
predictor for OS and NBCSS in survival analysis. However, the co-effect of age and comorbidities was not significant on 
cancer-specific prognosis, although it exerted a significant effect on treatments received. ACCI may assist doctors in 
clinical decision-making progress as an effective indicator for the impact of comorbidities on survival among elderly BC 
patients in line with their comorbid status at diagnosis, especially for hormone receptor-positive patients and those not 
receiving axillary dissection or postoperative chemotherapy.

Abbreviations
ACCI, Age-adjusted Charlson Comorbidity Index; BC, breast cancer; BCSD, breast cancer-specific death; BCSS, breast 
cancer-specific survival; BCS, breast conserving surgery; CCI, Charlson Comorbidity Index; DFS, disease-free survival; 
NBCSD, non-breast cancer-specific death; NBCSS, non-breast cancer-specific survival; OS, overall survival.

Table 7 Univariate and Multivariate Cox Regression Analysis for Survival 
Outcomes

Univariate Analysis Multivariate Analysis*

HR (95% CI) P value aHR (95% CI) P value

DFS
ACCI≤3 1.00 0.361 1.00 0.190
ACCI>3 1.29 (0.75–2.20) 1.49 (0.82–2.71)

OS
ACCI≤3 1.00 0.088 1.00 0.009
ACCI>3 1.55 (0.94–2.55) 2.18 (1.22–3.92)

BCSS
ACCI≤3 1.00 0.824 1.00 0.089
ACCI>3 1.12 (0.40–3.15) 2.61 (0.87–7.87)

NBCSS
ACCI≤3 1.00 0.045 1.00 0.044
ACCI>3 1.80 (1.01–3.20) 2.04 (1.02–4.08)

Notes: *Multivariate Cox regression analysis was used to estimate HR with corresponding 
95% CI, aHR: hazard ratio was adjusted for disease degree, grade, HR status, molecular 
subtypes, receipt of chemotherapy, breast surgery method and axillary surgery method. All 
p value<0.05 were in bold. 
Abbreviations: DFS, disease free survival; OS, overall survival; BCSS, breast cancer-specific 
survival; HR, hazard ratio; NBCSS, non-breast cancer-specific survival; ACCI, Age-adjusted 
Charlson Comorbidity Index.
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