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Abstract
Purpose  No study has evaluated the prognostic impact of the age-adjusted Charlson comorbidity index (AACI) in those 
with renal cell carcinoma (RCC). This study aimed to evaluate the utility of the AACI for predicting long-term survival in 
patients with surgically treated non-metastatic clear cell RCC (ccRCC).
Methods  Data from 698 patients with non-metastatic ccRCC who underwent radical or partial nephrectomy as primary 
therapy from a multi-institutional Korean collaboration between 1988 and 2015 were retrospectively analyzed. Clinico-
pathological variables and survival outcomes of those with AACI scores ≤ 3 (n = 324), 4–5 (n = 292), and ≥ 6 (n = 82) were 
compared.
Results  Patients with a high AACI score were older and more likely to be female. They were also more likely to have diabetes 
or hypertension, a worse Eastern Cooperative Oncology Group performance status, and lower preoperative hemoglobin, 
albumin, serum calcium, and serum total cholesterol levels. Regarding pathologic features, a high AACI score was associated 
with advanced stage. Kaplan–Meier analyses revealed that AACI ≥ 6 was associated with shorter cancer-specific (log-rank 
test, P < 0.001) and overall survival (log-rank test, P < 0.001), but not with recurrence-free survival (log-rank test, P = 0.134). 
Multivariate Cox regression analyses identified an AACI score as an independent predictor of overall survival (hazard ratio, 
6.870; 95% confidence interval, 2.049–23.031; P = 0.002). The AACI score was a better discriminator of overall survival 
than the Charlson comorbidity index score.
Conclusions  AACI scores may enable more tailored, individualized management strategies for patients with surgically 
treated non-metastatic ccRCC.
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Introduction

Renal cell carcinoma (RCC) accounts for 2–3% of all adult 
malignancies, and annual estimates of newly diagnosed 
cases have increased steadily over the last decade (King et al. 
2014). RCC has a relatively poor prognosis due to lack of a 
major breakthrough with respect to primary treatment. Most 
(70%) patients have clinically localized disease at the time of 
diagnosis and surgical resection is the mainstay of treatment; 
however, 20–30% of patients develop metastatic disease 
after surgery (Motzer et al. 2017). Biologically, RCC ranges 
from indolent to highly lethal; therefore, treatment outcomes 
vary widely. Thus, there is an urgent need for prompt and 
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accurate prognostic stratification. Currently, the most com-
monly used tools for predicting the outcome of RCC are the 
TNM staging system and nuclear grade (Ljungberg et al. 
2019). However, survival of patients with the same stage 
and grade varies considerably (Escudier et al. 2016). There-
fore, predicting prognosis based on pretreatment clinical 
variables rather than operative and pathological variables 
is important if we are to improve the prognosis and offer an 
optimal treatment strategy. Age and comorbidities are asso-
ciated with overall and disease-specific outcomes for various 
cancers (Aziz et al. 2014; Dias-Santos et al. 2015; Suidan 
et al. 2015; Wu et al. 2015). Because RCC patients are likely 
to have substantial comorbidities due to advanced age at 
the time of diagnosis, it is important to explore the effects 
of pre-existing medical diseases on survival after definitive 
surgical treatment (Verhoest et al. 2007). Capturing infor-
mation about comorbidities using validated instruments can 
improve preoperative evaluation by providing more accurate 
prognostic information.

The age-adjusted Charlson Comorbidity Index (AACI) 
score is a modified form of the Charlson comorbidity index 
(CCI); the former considers age as an additional index of 
comorbidity (Chang et al. 2016; Koppie et al. 2008; Santos 
Arrontes et al. 2008). The ACCI score has been used to pre-
dict survival and treatment options for various types of can-
cer, including gynecological and urological cancers such as 
prostate cancer and bladder cancer (Koppie et al. 2008; Park 
et al. 2018; Robbins et al. 2013; Suidan et al. 2015). Recent 
studies show that pre-existing comorbidities, as assessed by 
the CCI, are associated with poor overall survival in RCC 
(Ather and Nazim 2010; Santos Arrontes et al. 2008). How-
ever, the prognostic role of the AACI in RCC is unclear. The 
aim of the present study was to investigate the utility of the 
AACI score for predicting recurrence-free survival (RFS), 
cancer-specific survival (CSS), and overall survival (OS) 
in patients with surgically treated clear cell RCC (ccRCC).

Materials and methods

Study population and data collection

Between January 1988 and December 2015, demographic, 
surgical, and pathologic information from 7047 anonymous 
patients who underwent radical or partial nephrectomy 
as primary therapy for RCC at eight academic centers in 
Korea were collected retrospectively and pooled centrally. 
Approval for the study was obtained from the relevant 
institutional review boards. The study excluded patients 
with benign pathology, non-ccRCC, metastatic disease 
(regional or non-regional lymph nodes or distant metas-
tases), bilateral synchronous tumors, hereditary forms of 
RCC (including hereditary papillary), von Hippel–Lindau 

and tuberous sclerosis syndromes, those with Wilms tumor, 
those aged < 18 years at the time of surgery, and those with 
insufficient data concerning their medical history. Con-
sequently, 698 consecutive patients who were followed 
for ≥ 6 months after surgery for non-metastatic ccRCC were 
included in the final analysis.

Measurements

The CCI features 19 conditions that are assigned scores of 1, 
2, 3, or 6 based upon disease severity (Santos Arrontes et al. 
2008). A binomial value (present or absent) was assigned to 
19 different comorbidities. The final score was calculated 
for each patient, taking into account all comorbid conditions 
present. The AACI score was calculated by summing the 
weighted comorbidities and age of each patient (Chang et al. 
2016; Koppie et al. 2008). RCC was not considered when 
assessing the score, and any new medical conditions that 
developed after the date of surgical treatment were omitted. 
The distribution of comorbidities for all patients (based on 
the AACI score) is shown in Table 1.

Protocols used for surgery and follow‑up

All surgical procedures were performed by skilled surgeons 
using standard techniques (Ljungberg et al. 2019; Motzer 
et al. 2017). Surgery was either open or laparoscopic. Lymph 
node dissection was performed for patients with clinical or 
radiologic evidence of lymphadenopathy, or at the surgeons’ 
discretion for patients deemed to be at high risk for occult 
nodal metastases at the time of nephrectomy. All surgical 
specimens were processed according to the standard patho-
logic procedures of each participating institution. Pathologi-
cal staging was performed according to the 7th edition of the 
American Joint Committee on Cancer classification system 
and histological differentiation was graded according to the 
Fuhrman nuclear grading system (Edge and Compton 2010; 
Fuhrman et al. 1982). After surgery, each patient was moni-
tored according to standard guidelines (Escudier et al. 2016). 
In general, patients were evaluated every 3–4 months for the 
first year following nephrectomy, and then every 6 months 
from the second through fifth years; patients without evi-
dence of recurrent disease were monitored annually there-
after. Disease recurrence (based on clinical and radiographic 
findings) was defined as locoregional recurrence or as a 
newly identified distant metastasis. RFS was defined as the 
period between surgery and detection of recurrence or dis-
tant metastasis. Death was determined by reviewing medical 
records. Time to cancer-specific mortality was calculated as 
the time from surgery to the date of cancer-attributed mor-
tality. Any patients who died without proof of metastasis or 
recurrence were collated as “overall mortality”.
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Statistical analysis

Receiver operating characteristic curves were constructed 
to determine the AACI score cut-off values conferring opti-
mal sensitivity and specificity for survival analysis. Patients 
were classified into three risk groups based on their AACI 
score: low (AACI ≤ 3), intermediate (AACI 4–5), and high 
(AACI ≥ 6). These cut-off was similar to previous study (Ho 
et al. 2017). Fisher’s exact test (categorical variables) and 
ANOVA with Bonferroni’s post hoc test (continuous varia-
bles) were used to compare clinical and pathological features 
between the three groups. The Kaplan–Meier method was 
used to estimate time to recurrence and cancer-specific death; 
differences were assessed using the log-rank test. To identify 
independent predictors of recurrence, CSS, and OS, a forward 
conditional Cox regression analysis was performed. Variables 
of P < 0.2 on univariate analysis included in the multivariate 

analysis. The ability of the CCI and AACI indices to predict 
OS was compared using the area under receiver operating 
curves. Differences were considered significant at P < 0.05, 
and all reported P values were two-sided. Analyses were per-
formed using SPSS 24.0 software (IBM Corp., Armonk, NY, 
USA).

Ethics statement

The study complied with all applicable laws and regulations, 
good clinical practice, and ethical principles, as described in 
the Declaration of Helsinki. The study protocol was approved 
by the institutional review board of Chungbuk National Uni-
versity (Approval Number: GR2014-12-009). The require-
ment for informed consent was waived due to the retrospective 
nature of the study.

Table 1   Comorbidity 
distribution based on the age-
adjusted Charlson comorbidity 
index (n = 698)

ACCI age-adjusted Charlson comorbidity index, DM diabetes mellitus, AIDS acquired immunodeficiency 
syndrome
*P values were calculated using the Chi-squared test

Variables Point Number of 
patients (%)

ACCI score P value*

≤ 3 4–5 ≥ 6

Age at operation (years) < 0.001
  ≤ 40 0 54 (7.7) 53 (16.4) 1 (0.3) 0 (0.0)
 40 < age ≤ 50 1 108 (15.5) 97 (29.9) 9 (3.1) 2 (2.4)
 50 < age ≤ 60 2 190 (27.2) 126 (38.9) 54 (18.5) 10 (12.2)
 60 < age ≤ 70 3 211 (30.2) 48 (14.8) 145 (49.7) 18 (22.0)
 70 age ≤ 80 4 119 (17.0) 0 (0.0) 78 (26.7) 41 (50.0)

  > 80 4 16 (2.3) 0 (0.0) 5 (1.7) 11 (13.4)
Myocardial infarction 1 18 (2.6) 5 (1.5) 8 (2.7) 5 (6.1) 0.065
Congestive heart failure 1 9 (1.3) 3 (0.9) 5 (1.7) 1 (1.2) 0.687
Peripheral vascular disease 1 4 (0.6) 0 (0.0) 2 (0.7) 2 (2.4) 0.031
Cerebrovascular disease 1 59 (8.5) 15 (4.6) 33 (11.3) 11 (13.4) 0.003
Dementia 1 6 (0.9) 0 (0.0) 2 (0.7) 4 (4.9) < 0.001
Chronic pulmonary disease 1 18 (2.6) 2 (0.6) 11 (3.8) 5 (6.1) 0.005
Connective tissue disease 1 4 (0.6) 0 (0.0) 1 (0.3) 3 (3.7) < 0.001
Peptic ulcer disease 1 8 (1.1) 5 (1.5) 1 (0.3) 2 (2.4) 0.190
Mild liver disease 1 92 (13.2) 60 (18.5) 25 (8.6) 7 (8.5) 0.001
DM without end-organ damage 1 164 (23.5) 40 (12.3) 116 (39.7) 8 (9.8) < 0.001
DM with end-organ damage 2 12 (1.7) 1 (0.3) 4 (1.4) 7 (8.5) < 0.001
Hemiplegia 2 4 (0.6) 0 (0.0) 1 (0.3) 3 (3.7) < 0.001
Moderate or severe renal disease 2 42 (6.0) 13 (4.0) 17 (5.8) 12 (14.6) 0.001
Any malignancy 2 142 (20.3) 24 (7.4) 75 (25.7) 43 (52.4) < 0.001
Lymphoma 2 5 (0.7) 1 (0.3) 1 (0.3) 3 (3.7) 0.003
Leukemia 2 1 (0.1) 0 (0.0) 1 (0.3) 0 (0.0) 0.498
Moderate or severe liver disease 3 23 (3.3) 1 (0.3) 12 (4.1) 10 (12.2) < 0.001
Metastatic solid malignant tumor 6 7 (1.0) 0 (0.0) 0 (0.0) 7 (8.5) < 0.001
AIDS 6 0 (0) 0 (0.0) 0 (0.0) 0 (0.0) –
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Results

Comparison of clinical, operative, and pathologic 
variables stratified according to the AACI score

Of the 698 surgically treated RCC patients, 324 (46.4%) 
had a low AACI score (AACI ≤ 3), 292 (41.8%) had a 
moderate score (AACI 4–5), and 82 (11.7%) had a high 
score (AACI ≥ 6). The demographic and clinical features 
stratified according to AACI group are shown in Table 2. 
Patients with a high score were older, more likely to be 
female, more likely to have diabetes or hypertension and a 
worse Eastern Cooperative Oncology Group performance 
status (ECOG-PS), and were more likely to have lower 
preoperative hemoglobin, albumin, serum calcium, and 
serum total cholesterol levels (each P < 0.05). Nephron-
sparing surgery and minimal invasive surgery were more 
common in the low AACI group than in the moderate and 
high groups (both P < 0.05). Regarding pathologic fea-
tures, a high AACI score was associated with advanced 
stage (P = 0.005). There were no significant differences 
between the groups with respect to tumor laterality, size, 
and nuclear grade (Table 3).

Ability of the AACI score to predict RFS, CSS, 
and OS among surgically treated patients 
with non‑metastatic ccRCC​

The median follow-up was 37 (interquartile range, 
15–67 months) months for all patients. The impact of the 
AACI score on RFS was assessed in 611 patients with patho-
logically localized disease (pT1–2N0). During follow-up, 
recurrence was observed in 50 patients, and 15 and 40 patients 
died from RCC-attributable and all cause death, respectively. 
The relationship between the AACI category and RFS, CSS, 
and OS is illustrated by a Kaplan–Meier survival curve 
(Fig. 1). The AACI had no impact on RFS in patients with 
pathologically localized disease (log-rank test, P = 0.134) 
(Fig. 1a). An AACI score ≥ 6 was associated with shorter 
CSS and OS (log-rank test, P < 0.001) (Fig. 1b, c). Pairwise 
comparisons did not identify a significant difference in CSS 
between the low and moderate AACI groups (log-rank test, 
P = 0.767). Patients with a ACCI score ≥ 6 had a significantly 
shorter CSS than those with a low or moderate score (log-
rank test, each P < 0.001) (Fig. 1b). Meanwhile, pairwise 
comparisons identified a significant difference in OS between 
the three groups (log-rank test: low vs. moderate, P = 0.021; 
low vs. high and moderate vs. high, each P < 0.005) (Fig. 1c). 

Table 2   Differences in clinical 
characteristics, stratified 
according to the age-adjusted 
Charlson comorbidity index, 
between patients with surgically 
treated non-metastatic clear cell 
renal cell carcinoma (n = 698)

SD standard deviation, BMI body mass index, DM diabetes mellitus, HTN hypertension, ECOG-PS Eastern 
Cooperative Oncology Group performance status
P values were calculated using *ANOVA or the †Chi-squared test

Variable Age-adjusted CCI score P value

≤ 3 4–5 ≥ 6

Patients, no. (%) 324 (46.4) 292 (41.8) 82 (11.7)
Mean age (years) ± SD 50.8 ± 10.4 65.6 ± 8.1 71.1 ± 9.4 < 0.001*
BMI (kg/m2) ± SD 25.0 ± 3.4 24.6 ± 3.1 23.3 ± 3.9 < 0.001*
Sex, no. (%) < 0.001†

 Male 271 (83.6) 206 (70.5) 65 (79.3)
 Female 53 (16.4) 86 (29.5) 17 (20.7)

Date of surgery, years (%) < 0.001†

 1988–1999 5 (1.5) 3 (1.0) 0 (0.0)
 2000–2009 118 (36.4) 154 (52.7) 28 (34.1)
 2010–2015 201 (62.0) 135 (46.2) 54 (65.9)

DM, no. (%) 40 (12.3) 116 (39.7) 8 (9.8) < 0.001†

HTN, no. (%) 142 (44.4) 182 (62.8) 51 (63.0) < 0.001†

ECOG-PS scale, no. (%) < 0.001†

 0–1 314 (97.2) 283 (97.3) 71 (86.6)
 2 9 (2.8) 7 (2.4) 8 (9.8)

 ≥ 3 0 (0.0) 1 (0.3) 3 (3.7)
 Not available 1 1 0

Preoperative hemoglobin (g/dL) ± SD 14.1 ± 1.9 13.1 ± 1.7 12.7 ± 1.9 < 0.001*
Preoperative albumin (g/dL) ± SD 4.3 ± 0.4 4.2 ± 0.5 3.9 ± 0.6 < 0.001*
Preoperative calcium (mg/dL) ± SD 9.1 ± 0.6 9.1 ± 0.7 8.8 ± 0.8 0.001*
Preoperative cholesterol (mg/dL) ± SD 181.5 ± 39.2 177.5 ± 34.1 158.4 ± 36.9 < 0.001*
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Kaplan–Meier analyses also exhibit significantly different CSS 
and OS between AACI groups after stratification based on 
the pathologic T stages (pT < 2 vs. ≥ 2) (log-rank test, each 
P < 0.05) (Supplementary Figure).

Multivariate Cox regression analyses identified an AACI 
score as an independent predictor of overall survival (haz-
ard ratio, 6.870; 95% confidence interval, 2.049–23.031; 
P = 0.002). Although significant by univariate analysis, the 
ACCI scores were not independent prognostic factors of CSS 
in the multivariate analysis (Tables 4 and 5). 

Ability of the CCI and AACI indices to predict 
cancer‑specific and overall survival

The CCI and AACI models both discriminated OS after sur-
gery (P = 0.014 and P < 0.001, respectively). However, the 
AACI score was a better discriminator than the CCI score, 
with an area under the ROC curve of 0.726 versus 0.616 for 
OS, respectively (Fig. 2).

Discussion

Here, we conducted a large, multi-institutional Korean 
collaborative study to assess the prognostic impact of the 
AACI for patients with surgically treated non-metastatic 
RCC. The results indicate that when the AACI score was 
an independent predictor of OS after nephrectomy. In addi-
tion, the AACI score was a better discriminator of OS than 
the original CCI score. To the best of our knowledge, this 
is the first study to evaluate the prognostic value of the 
AACI score for predicting long-term survival of patients 
with RCC.

Comorbidity and performance status indices are useful 
preoperative tools for estimating the risk of comorbidi-
ties; as such, they may guide decision-making regarding 
operative procedure or multimodal therapy approaches 
(Aziz et al. 2014; Søgaard et al. 2013). The most com-
monly used comorbidity indices in the literature are the 

Table 3   Differences in operative 
and pathologic variables 
according to the age-adjusted 
Charlson comorbidity index in 
patients with surgically treated 
non-metastatic clear cell renal 
cell carcinoma (n = 698)

RN radical nephrectomy, PN partial nephrectomy, MIS minimally invasive surgery, Rt right, Lt left
P values were calculated using *ANOVA or the †Chi-squared test

Variable Age-adjusted Charlson comorbidity index P value

≤ 3 4–5 ≥ 6

Patients, no. (%) 324 (46.4) 292 (41.8) 82 (11.7)
Operative methods, n (%) < 0.001†

 RN 137 (42.3) 190 (65.1) 52 (63.4)
 PN 187 (57.7) 102 (34.9) 30 (36.6)

Operative approaches, n (%) 0.015†

 Open 98 (31.2) 106 (39.7) 36 (46.8)
 MIS 216 (68.8) 161 (60.3) 41 (53.2)
 Not available 10 25 5

Laterality, n (%) 0.066†

 Rt. 151 (50.0) 141 (51.3) 48 (64.9)
 Lt. 151 (50.0) 134 (48.7) 26 (35.1)
 Not available 22 17 8

Renal mass size (mm) ± SD 36.4 ± 27.2 39.5 ± 23.7 38.5 ± 24.8 0.337*
TNM stage, n (%) 0.005†

 pT1 287 (88.6) 226 (77.4) 68 (82.9)
 pT2 11 (3.4) 16 (5.5) 5 (6.1)
 pT3–4 26 (8.0) 50 (17.1) 9 (11.0)

Fuhrman grade, n (%) 0.960†

 1–2 186 (57.9) 172 (58.9) 46 (57.5)
 3–4 135 (42.1) 120 (41.1) 34 (42.5)
 Not available 3 0 2
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CCI, the AACI, the American Society of Anesthesiologists 
Physical Status (ASA-PS), the Adult Comorbidity Evalua-
tion-27 (ACE-27), the ECOG-PS, and the Karnofsky Per-
formance Status scale (Extermann 2000; Kang et al. 2017). 
Previous studies show that comorbidities affect the prog-
nosis of cancer patients (Islam et al. 2015); however, there 
is a lack of information about the prognostic impact of 

medical comorbidities on survival of patients with RCC. 
The ECOG-PS, ASA-PS, and ACE-27 are recognized as 
independent prognostic factors for OS or CSS in patients 
with RCC (Berger et al. 2008; de Cássio Zequi et al. 2010; 
Zisman et al. 2001). Recent studies report that high CCI 
values are associated with poor OS in RCC. For example, 
Arrontes et al. examined a surgical series of 192 ccRCC 

Fig. 1   Kaplan–Meier survival 
curves showing a recurrence-
free survival of patients with 
localized clear cell renal cell 
carcinoma (pT1–2), and b 
cancer-specific survival and c 
overall survival in patients with 
surgically treated clear cell renal 
cell carcinoma, according to the 
AACI score. AACI age-adjusted 
Charlson comorbidity index
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patients and found that those with localized RCC and a 
CCI > 2 showed a significantly lower OS then patients 
with a CCI ≤ 2 (Santos Arrontes et al. 2008). However, 
the CCI did not influence the survival of patients with 
locally advanced or metastatic ccRCC (Santos Arron-
tes et al. 2008). Another study by Ather et al. evaluated 
the effect of the CCI in 157 patients with primary RCC 
treated by nephrectomy (Ather and Nazim 2010). They 
found that the CCI was an independent predictor of OS, 

and was as reliable as tumor-specific variables such as 
pathologic stage and grade (Ather and Nazim 2010). A 
Danish population-based study by Jacobsen et al. used 
CCI scores to estimate the risk of 1- and 5-year mortality 
among patients with renal cancer (Lund et al. 2009). They 
found that 5-year mortality in those with a score of ≥ 3 
was almost twofold higher, and that for those with a score 
of 1–2 was 1.2-fold higher, than that for those with no 
comorbidity (Lund et al. 2009). By contrast, Gettman and 

Table 4   Multivariate Cox 
regression models for predicting 
cancer-specific survival in 
patients with surgically treated 
clear cell renal cell carcinoma

*Multivariate Cox regression analysis was used to estimate HR with the corresponding 95% CIs
HR hazard ratio, CI confidence interval, BMI body mass index, ECOG-PS Eastern Cooperative Oncology 
Group performance status, AACI age-adjusted Charlson comorbidity index

Variable Univariate analysis Multivariate analysis

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

Age, years (continuous) 1.051 (0.999 − 1.105) 0.053 1.031 (0.968 − 1.099) 0.339
Gender (female) 0.225 (0.030 − 1.711) 0.150 0.212 (0.026 − 1.733) 0.148
BMI, kg/m2 (continuous) 0.973 (0.834 − 1.136) 0.731
Date of surgery, years (≥ 2010) 0.382 (0.080 − 1.825) 0.228
ECOG-PS scale (≥ 2) 9.729 (2.700 − 35.051) 0.001 4.587 (1.012 − 20.788) 0.048
TNM stage
 pT1 1 1
 pT2 2.492 (0.311 − 19.942) 0.390 2.624 (0.312 − 22.074) 0.375
 pT3–4 5.744 (1.990 − 16.579) 0.001 3.829 (1.113 − 13.170) 0.033
 Fuhrman grade (G3–4) 2.139 (0.773 − 5.922) 0.143 1.150 (0.351 − 3.767) 0.818

AACI (categorical)
  ≤ 3 1 1
 4–5 1.233 (0.331 − 4.595) 0.755 0.773 (0.160 − 3.725) 0.748

  ≥ 6 9.398 (2.623 − 33.676) 0.001 3.945 (0.753 − 20.657) 0.104

Table 5   Multivariate Cox 
regression models for predicting 
overall survival in patients with 
surgically treated clear cell renal 
cell carcinoma

*Multivariate Cox regression analysis was used to estimate HR with the corresponding 95% CIs 
HR hazard ratio, CI confidence interval, BMI body mass index, ECOG-PS Eastern Cooperative Oncology 
Group performance status, AACI age-adjusted Charlson comorbidity index

Variable Univariate analysis Multivariate analysis

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

Age, years (continuous) 1.065 (1.031 − 1.100) < 0.001 1.031 (0.987 − 1.076) 0.169
Gender (female) 0.661 (0.292 − 1.495) 0.661
BMI, kg/m2 (continuous) 0.907 (0.835 − 0.985) 0.020 0.923 (0.826 − 1.031) 0.156
Date of surgery, years (≥ 2010) 0.192 (0.057 − 0.643) 0.007 0.106 (0.023 − 0.474) 0.003
ECOG-PS scale(≥ 2) 5.770 (2.246 − 14.827) < 0.001 2.020 (0.646 − 6.313) 0.227
TNM stage
 pT1 1 1
 pT2 2.114 (0.641 − 6.979) 0.219 2.793 (0.801 − 9.737) 0.107
 pT3–4 2.820 (1.363 − 5.832) 0.005 2.119 (0.920 − 4.881) 0.078
 Fuhrman grade (G3–4) 1.651 (0.876 − 3.112) 0.121 1.628 (0.784 − 3.381) 0.191

AACI (categorical)
  ≤ 3 1 1
 4–5 2.681 (1.126 − 6.382) 0.026 1.473 (0.485 − 4.476) 0.494

  ≥ 6 12.820 (5.124 − 32.075) < 0.001 6.870 (2.049 − 23.031) 0.002
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colleagues examined a cohort of surgically treated patients 
with tumor thrombus and noted that the CCI did not pre-
dict CSS (Gettman et al. 2003).

The AACI is a modified version of the CCI in that it 
considers age as an additional comorbidity index (Chang 
et al. 2016). The AACI score has been used to predict sur-
vival and treatment options for those with various types 
of cancer, including gastrointestinal, gynecological, and 
urological cancer (Dias-Santos et al. 2015; Koppie et al. 
2008; Park et al. 2018; Robbins et al. 2013; Suidan et al. 
2015; Wu et al. 2015). Using the AACI, Koppie and col-
leagues identified an association between age and comor-
bidity with respect to OS and disease‐specific survival in 
patients undergoing radical cystectomy for bladder cancer 
(Koppie et al. 2008). The authors noted that both age and 
comorbidity were associated with treatment selection (i.e., 
lymph‐node dissection or postoperative chemotherapy) 

and lower OS (Koppie et al. 2008). In addition, Park et al. 
investigated the efficacy of the AACI as a prognostic factor 
for very high risk prostate cancer patients following radical 
prostatectomy (Park et al. 2018). Competing risk regres-
sion analysis revealed that the AACI score was signifi-
cantly associated with OS (Park et al. 2018). However, no 
study has examined the prognostic role of the AACI score 
in the context of RCC. Several studies support a prognostic 
role for age in patients with RCC. Previously, we reported 
the potential impact of age on clinicopathologic character-
istics and survival of patients with surgically treated RCC. 
Although age was not an independent prognostic factor for 
CSS, old age at the time of diagnosis was closely related 
to unfavorable pathologic features and shorter CSS (Kang 
et al. 2016). Therefore, we hypothesized that the AACI is 
a better discriminator of RCC prognosis than the original 
CCI score because the former allows integration of both 

Fig. 2   Receiver operating curve 
(ROC) showing the ability 
of the CCI and AACI indices 
to predict overall survival in 
patients with surgically treated 
clear cell renal cell carcinoma. 
CCI Charlson comorbidity 
index, AACI age-adjusted Charl-
son comorbidity index, AUC​ 
area under the ROC curve, CI 
confidence interval
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age and comorbidities. As expected, we found here that 
the AACI was a better discriminator of CSS and OS than 
the CCI score.

The present study is the first to suggest that the AACI 
score has a prognostic impact on OS of surgically treated 
non-metastatic ccRCC. This finding is in line with a recent 
study showing that a high CCI score is an independent pre-
dictor of poor OS in RCC. RCC is characterized by unique 
biological features; indeed, there is a close association 
between RCC and metabolic status. The prognostic role 
of immune–nutritional status has been researched exten-
sively (Ko et al. 2013; Zheng et al. 2018). In this context, 
a compromised immune–nutritional status coupled with 
a preoperative medical commodity such as diabetes, liver 
or renal disease, or a tumor other than RCC, may account 
for poor OS in those with surgically treated non-metastatic 
ccRCC. In support of this hypothesis, we found that serum 
albumin as a marker of protein-energy and total cholesterol 
concentration as an indicator of a patient’s caloric reserves 
were significantly lower in those with a high AACI score.

This study has some limitations. First, it is a retrospec-
tive and multicentric study, meaning that the assessment of 
comorbidity may introduce bias. In addition, we included 
only patients who had undergone surgery; patients who 
were ineligible candidates for surgery due to high age and 
a high number of comorbidities were not included. This 
may have introduced selection bias; therefore, the cohort 
may not reflect all patients with RCC. Thus, a compre-
hensive cohort study that includes those with metastatic 
RCC and those ineligible for surgery is needed to confirm 
our hypothesis.

Conclusion

We demonstrate for the first time that AACI score was an 
independent predictor of OS in patients with surgically 
treated non-metastatic ccRCC. The AACI was a better dis-
criminator of OS than the CCI score. Taken together, these 
results suggest that the AACI may provide additional prog-
nostic information about patients with surgically treated 
ccRCC. For example, during preoperative evaluation, the 
AACI could prove useful for assessing the risk of mortal-
ity from cancer and as a tool to develop a more tailored, 
individualized management strategy.
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