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Purpose: The aim of this article was to evaluate the impact rate, among patients with CCI=1, it was 91.1%, among
of the Charlson Comorbidity Index (CCl) on long-term survival patients with CCI=2 it was 87.8%, and those patients with
after surgery for breast cancer in South Korea. Methods: CCI=3 it was 80.2%. Multivariate Cox proportional hazard

The study subjects were 29,562 women patients aged 20 analysis showed that CCl=1 (hazard ratios [HR], 1.10; 95%
years and older that underwent surgery for breast cancer confidence interval [Cl], 0.97-1.25), CCI=2 (HR, 1.61; 95%
between 2002 and 2005. The data were obtained from claims Cl, 1.31-1.97) and CCI=3 (HR, 2.27; 95% Cl, 1.59-3.24),

submitted to the National Health Insurance. All patients were associated with long-term survival. Conclusion: CCl is
were censored at the follow-up cutoff date of June 30, 2006. a strong predictor of long-term survival after surgery for breast
Survival curves were estimated by the Kaplan-Meier method. cancer. We recommend the use of a validated comorbidity
Cox proportional hazards models were used to explore the index in the selection of patients for breast surgery.
impact of CCl on all-cause mortality. Results: After a follow-
up time of 47 months, higher all-cause mortality was asso- Key Words: Breast neoplasms, Comorbidity, Surgery, Survival
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Table 1. Patients characteristic and dependant variables

Characteristic Mean == SD No. of overall sample, (%)
Total 29,562 (100.0)
Age (yr) 48.51+£10.67

20-34 2,281(7.7)

35-49 15,540 (52.6)

50-64 9,149 (30.9)

>65 2,592 (8.8)
Year of operation

2002 6,500 (22.0)

2003 7,558 (25.6)

2004 8,119 (27.4)

2005 7,385 (25.0)
Income level*

| (highest) 14,145 (47.8)

I 14,177 (48.0)

Il (lowest) 1,240 (4.2)
Range of operation’

Minor 4,340 (14.7)

Major 25,222 (85.3)
Metastasis’

No 20,024 (67.7)

Yes 9,538 (32.3)
Hospital volume*

Very high 7,832 (26.5)

High 7,286 (24.7)

Low 7,116 (24.1)

Very low 7,328 (24.8)
Mortality

Death 1,395 (4.7)

Survival during follow-up 28,167 (95.3)

*Income level: division by insurance level (0-100), I: 26< (1Q), Il: 1-26
(2Q), lll: 0 (National Medical Aid beneficiaries); 'Type of operation:
Major (radical or modified radical mastectomy), Minor (simple mastec-
tomy, subcutaneous mastectomy, partial mastectomy): ‘Metastasis
were included regional or (and) distant site(s)/lymph node(s) involved.
(C77-C80); *Hospital volume: very high, 3,454<: high, 1,614-3,453;
low, 870-1,613; very low, <870.
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Table 2. Charlson comorbidity index scoring and prevalence
of comorbid condition

Weights/Comorbidity clinical conditions No. (%)

1 Myocardial infarct 55(0.19)
1 Congestive heart failure 85 (0.29)
1 Peripheral vascular disease 27 (0.09)
1 Cerebrovascular disease 188 (0.64)
1 Dementia 9(0.08)
1 Chronic pulmonary disease 1, 272 (4.30)
1 Connective tissue disease 66 (0.23)
1 Peptic ulcer 5,827 (19.71)
1 Mild liver disease 374 (1.27)
1 Diabetes without complication 1,277 (4.32)
2 Diabetes with complications 139 (0.47)
2 Paraplegia or Hemiplegia 28 (0.09)
2 Renal disease 57 (0.19)
2 Any cancer 505 (1.71)
3 Moderate or severe liver disease 6(0.02)
6 AIDS 1(0.00)

AlDS=acquired immune deficiency syndrome.
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Table 3. Level of comorbidity according to CCl for study patients

CCl=0 CCl=1 CCl=2 CCl=3

Characteristic No. (%) No. (%) No. (%) No. (%) p-value
Total 20,844 (70.5) 7,086 (23.9) 1,374 (4.7) 258(0.9)
Age
20-34 1,727 (75.7) 469 (20.6) 75(3.3) 10(0.4) <0.001
35-49 11,390 (73.3) 3,512 (22.6) 567 (3.7) 71(0.5)
50-64 6,211 (67.9) 2,315 (25.3) 519(5.7) 104 (1.1)
>65 1,516 (58.5) 790 (30.5) 213(8.2) 73(2.8)
Year of operation
2002 4,462 (68.7) 1,662 (25.6) 298 (4.6) 78(1.2) <0.001
2003 5,448 (72.1) 1,658 (21.9) 388 (5.1) 64 (0.9)
2004 5,676 (69.9) 1,998 (24.6) 384 (4.7) 61(0.8)
2005 5,258 (71.2) 1,768 (23.9) 304 (4.1) 55(0.7)
Income level'
| (highest) 9,967 (70.5) 3,456 (24.4) 602 (4.3) 120 (0.9) <0.001
I 10,090 (71.2) 3,300 (23.3) 678 (4.8) 109 (0.8)
Il (lowest) 787 (63.5) 330 (26.6) 94 (7.6) 29 (2.3)
Range of operation’
Minor 17,513 (69.4) 6,324 (25.1) 1,173 (4.7) 212(0.8) <0.001
Major 3,331(76.8) 762 (17.6) 201 (4.6) 46 (1.1)
Metastasis*
No 14,387 (71.9) 4,517 (22.6) 945 (4.7) 175 (0.9) <0.001
Yes 6,457 (67.7) 2,569 (26.9) 429 (4.5) 83(0.9)
Hospital volume'
Very high 5,048 (64.5) 2,473 (31.6) 250(3.2) 61(0.8) <0.001
High 4,957 (68.0) 1,960 (26.9) 324 (4.5) 45(0.6)
Low 5,289 (74.3) 1,340 (18.8) 421(5.9) 66 (0.9)
Very low 5,550 (75.7) 1,313 (17.9) 379(5.2) 86 (1.2)
Mortality
Death 913(65.5) 345 (24.7) 105 (7.5) 32(2.3) <0.001
Survival during follow-up 19,931 (70.8) 6,741 (23.9) 1,269 (4.5) 226 (0.8)

CCl=Charlson Comorbidity Index.

*p-value: statistical analysis was performed using the chi-squared test; 'Income level: division by insurance level (0-100), I: 26< (1Q), II: 1-26 (2Q),
III: 0 (National Medical Aid beneficiaries); 'Type of operation: major (radical or modified radical mastectomy), minor (simple mastectomy, subcutaneous
mastectomy, partial mastectomy); *Metastasis were included regional or (and) distant site(s)/lymph node(s) involved. (C77-C80); 'Hospital volume:
very high, 3,454 <; high, 1,614-3,453; low, 870-1,613; very low, <870.

Table 4. Overall survival after surgery for breast cancer according to CCl

Overall survival

CCl 1-yr 2-yr 3-yr 4-yr

% 95% Cl % 95% Cl % 95% Cl % 95% Cl
0 98.9 98.8-99.1 96.6 96.4-96.9 94.3 93.9-94.7 921 91.5-92.7
1 98.7 98.4-98.9 96.3 95.7-96.7 939 93.1-94.6 911 90.0-92.1
2 97.3 96.2-98.1 94.5 93.0-95.7 87.9 87.9-91.9 87.8 85.1-90.0
>3 96.4 93.2-98.1 91.0 86.3-94.1 84.4 78.0-89.1 80.2 71.8-86.3

CCl=Charlson Comorbidity Index; Cl=confidence interval.
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Table 5. Hazard ratio estimates of death and 95% confidence intervals from Cox’s Proportional Hazards Model for CCl after surgery

for breast cancer

Model I* Model Il Model IIl*

CCl Deaths/Patients (%)

HR 95% Cl HR 95% Cl HR 95% Cl
0 913/20,844 (4.38) 1.00 1.00 1.00
1 345/7,086 (4.87) 1.10 0.97-1.25 1.07 0.94-1.21 1.10 0.97-1.25
2 105/1,374 (7.64) 1.74 1.42-2.12 1.59 1.29-1.94 1.61 1.31-1.97
>3 32/258 (12.40) 2.76 1.94-3.92 2.36 1.65-3.36 2.27 1.59-3.24
p-value for trend® <0.001 <0.001 <0.001
c-statistics 0.632 0.700 0.745
Hosmer-Lemeshow p-value' <0.001 0.141 0.166

CCl=Charlson Comorbidity Index; HR=hazard ratio; Cl=confidence interval.

*Model I: none-adjusted; "Model II: adjusted for age, year of operation, income level; *Model IlI: adjusted for age, year of operation, income level,
range of operation, metastasis, and procedure volume of hospital; * p-value for trend from the Wald statistic; ' p-value from the Hosmer-Lemeshow

type chi-square statistic.
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S o8|
o
S
©
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Logrank p<0.0001 COl=3+
05 | | ! ! ! !
0 10 20 30 40 50 60

Months after surgery

Figure 1. Kaplan-Meier overall survival curve after surgery for
breast cancer according to the Charlson Comorbidity Index
(CCl).
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