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Background: We conducted a multi-institutional clinical study to assess the prognostic
value of the advanced lung cancer inflammatory index (ALI) and modified ALl (mALI) in
patients with renal cell carcinoma (RCC).

Methods: \We collected 440 patients who underwent laparoscopic nephrectomy at three
centers from 2014 to 2019. ALl was defined as body mass index (BMI) x serum albumin
(ALB)/neutrophil-to-lymphocyte ratio (NLR) and mALI as L3 muscle index x ALB/NLR.
Kaplan-Meier curves, receiver operating characteristic (ROC) curves and Cox survival
analysis were used to assess the effect of ALI and mALI on overall survival (OS). In
addition, we performed 1:1 propensity score matching (PSM) for the high mALI and low
mALI groups to further explore the impact of mALI on survival in RCC patients.

Results: The optimal cut-off values for ALl and mALI were 40.6 and 83.0, respectively.
Based on the cut-off values, we divided the patients into high ALI and low ALl groups,
high mALI and low mALI groups. ALI and mALI were significantly associated with the
AJCC stage, Fuhrman grade, T stage, and M stage. Low ALl (o = 0.002) or low mALI
(p < 0.001) was associated with poorer prognosis. ROC curves showed that mALI was
a better predictor of OS than ALI. Multivariate Cox regression analysis showed that low
mALI (@HR = 2.22; 95% Cl 1.19-4.13, p = 0.012) was an independent risk factor for OS
in RCC patients who underwent nephrectomy, while ALI (aHR = 1.40; 95% CI 0.73-2.66,
p = 0.309) was not significantly associated. Furthermore, after PSM analysis, we found
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that mALI remained an independent risk factor for OS (aHR = 2.88; 95% CI 1.33-6.26,
p = 0.007) in patients with RCC.

Conclusions: For RCC patients undergoing laparoscopic nephrectomy, low ALl and
low mALI were associated with poor prognosis, and preoperative mALI can be used as
a potential independent prognostic indicator for RCC patients.

Keywords: renal cell carcinoma, advanced lung cancer inflammatory index, modified advanced lung cancer
inflammatory index, overall survival, biomarker

INTRODUCTION

Renal cancer, also known as renal cell carcinoma (RCC), is a
malignant tumor originating from the urinary tubular epithelium
of the renal parenchyma, and its incidence accounts for 2.2%
of adult malignancies worldwide (1). Approximately 25-30%
of RCC patients have developed locally advanced or metastatic
lesions at the time of initial diagnosis (2, 3). For patients with
locally advanced and metastatic renal cancer, although targeted
drug therapy has achieved certain efficacy and more clinical
trials of drugs are ongoing, the overall prognosis is still poor
(4, 5). The preferred treatment for early stage non-metastatic
RCC remains radical nephrectomy or partial nephrectomy. Early
recurrence or metastasis is still found in 20-30% of patients
treated with surgery at follow-up (6). Therefore, the search for
better prognostic predictors can be of great help in developing
individualized follow-up and treatment plans.

A growing number of studies have confirmed the importance
of systemic inflammatory response, local immune response and
nutritional status in the progression of malignancy and patient
prognosis (7-9). Several blood indicators, including neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR)
and lymphocyte-to-monocyte ratio (LMR), have been shown
correlate with the prognosis of patients with RCC (10, 11). In
addition, indicators reflecting nutritional status, such as serum
albumin (ALB), hemoglobin and sarcopenia have been identified
as postoperative prognostic factors in patients with RCC (12, 13).
Jafri et al. (14) developed the advanced lung cancer inflammation
index (ALI) to assess the degree of systemic nutrition and
inflammation in patients with metastatic non-small cell lung
cancer (NSCLC). The ALI combines body mass index (BMI,
kg/mz), serum ALB (g/dL) and NLR and is defined as BMI x
ALB/NLR. In addition, Kim et al. (15) replaced BMI with L3
muscle index (cm?/m?) to construct a modified ALI (mALI)
score and found that low mALI was an independent prognostic
risk factor for shorter overall survival (OS).

In this study, we aimed to assess the prognostic value of
ALI and mALI on OS in patients undergoing laparoscopic
nephrectomy in a multicenter clinical study.

Abbreviations: RCC, renal cell carcinoma; NLR, neutrophil-to-lymphocyte ratio;
PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; ALB,
albumin; ALI, advanced lung cancer inflammatory index; mALI, modified
advanced lung cancer inflammatory index; BMI, body mass index; OS, overall
survival; ROC, receiver operating characteristic; AUC, area under the curve; aHR,
adjusted hazard ratio; CI, confidence interval; PSM, propensity score matching;
SMI, skeletal muscle index.

MATERIALS AND METHODS
Study Design and Patients

In this multi-institutional study, we collected 590 patients with
RCC who underwent partial or radical nephrectomy between
January 2014 and December 2019 at the Department of Urology,
Zhongda Hospital Southeast University, the Department of
Urology, Shanghai Tenth People’s Hospital, and the Department
of Urology, Shidong Hospital. All patients were operated by the
most experienced urologists in that hospital. Exclusion criteria
were as follows: patients combined with other malignancies;
patients received other anticancer treatments before surgery;
patients lacked complete medical records or were lost to
follow-up; patients lacked preoperative laboratory test data. We
excluded 150 patients, resulting in 440 patients included in the
final study. The methodology of this study followed the criteria
in the Declaration of Helsinki (revised in 2013) and received
ethical approval from the Ethics Committee of Zhongda Hospital
Southeast University (ZDKYSB077) and Ethics Committee of
Shanghai Tenth People’s Hospital of Tongji University (SHSY-
IEC-BG/02.04/04.0-81602469).

Clinical Data Collection and Follow-Up
Clinicopathological features, laboratory test data, and imaging
results for all patients were available from the electronic
medical record. Laboratory test data were measured 2 days
prior to surgery or closest to the time of surgery, and
laboratory data included serum ALB (g/dL), neutrophils, and
lymphocytes. The L3 muscle index (cm?/m?) in the imaging
results was determined based on our previous study (13). In
addition, we included gender, age, BMI [weight (kg)/height?
(m?)], cardiovascular disease, diabetes, hypertension, smoking,
type of surgery, laterality, AJCC stage, T stage, N stage,
M stage, and Fuhrman grade. OS was calculated from the
date of surgical treatment to the date of last follow-up
or death.

Statistical Analysis

Categorical variables were expressed as numbers and percentages
and analyzed with chi-square tests. As previously described, ALI
= BMI x ALB/NLR, and mALI = L3 muscle index x ALB/NLR.
Optimal cut-off values for ALI and mALI were determined
using X-tile software (version 3.6.1). Kaplan-Meier curves were
used to assess the effect of ALI and mALI on OS. Receiver
operating characteristic (ROC) curves were used to compare
the effect of ALI and mALI’s predictive ability on OS and was
calculated using the area under the curve (AUC). Univariate and
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multivariate Cox regression were used to assess the relationship
between ALL mALI and OS, and the associated adjusted hazard
ratio (aHR) and 95% confidence interval (CI) were calculated.
In multivariate Cox regression analysis, three models were
constructed to further assess the relationship between ALI, mALI
and OS. Base model: adjusted for age, gender, BMI, hypertension,
cardiovascular diseases, diabetes and smoking; core model: base
model variables plus surgery type and laterality; extended model:
core model variables plus AJCC stage, T stage, N stage, M stage
and Fuhrman grade.

Based on the optimal cut-off value of mALI determined
by the X-tile software, we divided the patients into a high
mALI group (n = 216) and a low mALI group (n = 214).
Considering the differences in some variables between the two
groups, we used the “Matching” package in R software to
perform 1:1 propensity score matching (PSM) for the high
mALI and low mALI groups, adjusting for gender, age, BMI,
cardiovascular disease, diabetes, hypertension, smoking, surgery
type, laterality, AJCC stage, T stage, N stage, M stage, and
Fuhrman grade to further explore the effect of mALI on OS
in patients with RCC. Statistical analyses were performed using
SPSS software (version 26.0), Graphpad Prism (version 8.3.0),
and R software (version 3.6.2). P value < 0.05 was considered
statistically significant.

RESULTS

According to the X-tile software, the optimal cut-off values for
ALI and mALI were 40.6 and 83.0, respectively (Figure 1). Based
on the cut-off values, we divided the patients into high ALI and
low ALI groups, and high mALI and low mALI groups. The
clinicopathological characteristics of all patients were shown in
Table 1. Chi-square testing showed that ALI was associated with
BMI, hypertension, surgery type, AJCC stage, T stage, M stage
and Fuhrman grade, whereas mALI was statistically associated
with BMI, surgery type, AJCC stage, T stage, M stage and
Fuhrman grade. A higher proportion of patients with BMI >
25kg/m?, underwent partial nephrectomy, AJCC I/11 stage, T1/T2
stage, MO stage, and Fuhrman I/II grade were in the high ALTand
high mALI groups compared with the low ALI and low mALI
groups. In addition, we found that higher T stage, M stage, AJCC
stage and Fuhrman grade were associated with lower ALI and
lower mALI (Figure 2).

We performed survival analysis for the high ALI and low
ALI groups, as well as for the high mALI and low mALI
groups. Kaplan-Meier curves showed that low ALI (p =
0.002) and low mALI (p < 0.001) were associated with worse
prognosis (Figure 3). Subsequently, we used ROC curves to
assess the predictive ability of ALI and mALI for OS. We

inflammation index.
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FIGURE 1 | X-tile stratified analysis of ALl and mALI. (A) ALI; (B) mALI. ALI, advanced lung cancer inflammation index; mALI, modified advanced lung cancer
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TABLE 1 | Clinical characteristics of the patients according to ALl and mALI before PSM.

Characteristic All ALI P value mALI P value
patients Low ALI High ALI Low ALI High ALI
N = 440 N =196 N =244 N =224 N =216
Age categorized, y 0.964 0.613
<65 317 (72.0) 141 (71.9) 176 (72.1) 159 (71.0) 158 (73.1)
>65 123 (28.0) 55 (28.1) 68 (27.9) 65 (29.0) 58 (26.9)
Gender 0.994 0.177
Male 294 (66.8) 131 (66.8) 163 (66.8) 143 (63.8) 151 (69.9)
Female 146 (33.2) 65 (33.2) 81(33.2) 81(36.2) 65 (30.1)
BMI categorized, kg/m? <0.001 <0.001
<25 249 (56.6) 138 (70.4) 111 (45.5) 148 (66.1) 101 (46.8)
>25 191 (43.4) 58 (29.6) 133 (54.5) 76 (33.9) 115 (63.2)
Hypertension 0.039 0.137
No 250 (56.8) 122 (62.2) 128 (52.5) 125 (60.3) 115 (53.2)
Yes 190 (43.2) 74 (37.8) 116 (47.5) 89 (39.7) 101 (46.8)
Diabetes 0.567 0.924
No 370 (84.1) 167 (85.2) 203 (83.2) 188 (83.9) 182 (84.3)
Yes 70 (15.9) 29 (14.8) 41 (16.8) 36 (16.1) 34 (15.7)
Cardiovascular diseases 0.933 0.758
No 389 (88.4) 173 (88.3) 216 (88.5) 197 (87.9) 192 (88.9)
Yes 51(11.6) 23 (11.7) 28 (11.5) 27 (12.1) 24 (11.1)
Smoking 0.369 0.467
No 367 (83.4) 160 (81.6) 207 (84.8) 184 (82.1) 183 (84.7)
Yes 73 (16.6) 36 (18.4) 37 (15.2) 40 (17.9) 33(15.3)
Surgery type <0.001 <0.001
Partial nephrectomy 266 (60.5) 90 (45.9) 176 (72.1) 105 (46.9) 161 (74.5)
Radical nephrectomy 174 (39.5) 106 (54.1) 68 (27.9) 119 (53.1) 55 (25.5)
Laterality 0.405 0.151
Right 217 (49.9) 101 (51.5) 116 (47.5) 118 (62.7) 99 (45.8)
Left 223 (50.7) 95 (48.5) 128 (52.5) 106 (47.3) 117 (54.2)
AJCC stage <0.001 0.003
| 328 (74.5) 128 (65.3) 200 (82.0) 151 (67.4) 177 (81.9)
Il 26 (5.9) 17 (8.7) 9(3.7) 19 (8.5) 7(3.2)
Il 61(13.9) 33 (16.8) 28 (11.5) 36 (16.1) 25(11.6)
% 25(5.7) 18(9.2) 7 (2.9 18(8.0) 7(3.2)
T-stage <0.001 0.001
T 335 (76.1) 131 (66.8) 204 (83.6) 154 (68.8) 181 (83.8)
T2 30 (6.8) 199.7) 11 (9.4) 21(9.4) 9(4.2)
T3 64 (14.5) 41 (20.9) 23 (9.4) 44 (19.6) 20 (9.3
T4 11 (2.5) 5(2.6) 6 (2.5) 5(2.2) 6 (2.8
N-stage 0.227 0.506
NO 423 (96.1) 186 (94.9) 237 (97.1) 214 (95.5) 209 (96.8)
N1 17 (3.9) 10 (5.1) 7 (2.9 10 (4.5) 7(3.2)
M-stage <0.001 0.003
MO 421 (95.7) 180 (91.8) 241 (98.8) 208 (92.9) 213 (98.6)
M1 19 (4.9 16 (8.2) 3(1.2 16 (7.1) 3(1.4)
Fuhrman grade 0.017 0.020
| 74 (16.8) 27 (13.8) 47 (19.9) 28 (12.5) 46 (21.3)
I 274 (62.3) 117 (569.7) 157 (64.3) 141 (62.9) 133 (61.6)
Il 82 (18.6) 44 (22.4) 38 (15.6) 47 (21.0) 35 (16.2)
% 10 (2.9) 8 (4.1) 2(0.8) 8 (3.6) 2(0.9
Urea nitrogen (mean, SD) 6.46, 4.45 6.77, 3.43 6.21,5.12 0.190 6.62, 3.31 6.29, 5.38 0.433
Creatinine (mean, SD) 112.28, 88.72 123.55,90.12 103.29, 86.73 0.018 119.82, 85.72 104.50, 91.27 0.071
Uric acid (mean, SD) 277.54,102.81 281.14,106.17 274.69, 100.19 0.517 277.33,107.74 277.76,97.73 0.965

PSM, propensity score matching; ALI, advanced lung cancer inflammation index; mALI, modified advanced lung cancer inflammation index; BMI, body mass index; AJCC, american

Jjoint committee on cancer; SD, standard deviation.
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FIGURE 2 | Relationship between patients’ clinical characteristics and ALI, mALI. (A-E) Levels of AL in different T-stage (A), N-stage (B), M-stage (C), AJCC stage
(D), and Fuhrman grade (E). (F-J) Levels of ALl in different T-stage (F), N-stage (G), M-stage (H), AJCC stage (l), and Fuhrman grade (J). ALI, advanced lung cancer
inflammation index; mALI, modified advanced lung cancer inflammation index.

associated with poorer OS (Table 2). Multivariate Cox regression
analysis showed that mALI was consistently an independent risk
factor for OS, whether in the basic model (low mALI vs. high

found that mALI had a better ability to predict OS than
ALI (Supplementary Figure 1). In addition, univariate Cox
regression analysis showed that low ALI and low mALI were
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FIGURE 3 | Kaplan-Meier curves for OS stratified by ALI and mALI before PSM. (A) ALI OS; (B) mALI OS. OS, overall survival; ALI, advanced lung cancer
inflammation index; mALI, modified advanced lung cancer inflammation index; PSM, propensity score matching.

TABLE 2 | Relative risk of overall survival (OS) was calculated according to ALl and mALI 2.

Characteristic Univariate analysis Basic model Core model Extended model
aHR (95% CI) P-value aHR (95% Cl) P-value aHR (95% CI) P-value aHR (95% CI) P-value
BEFORE PSM
ALI
High Reference Reference Reference Reference
Low 2.36 (1.36-4.10) 0.002 2.22 (1.25-3.93) 0.007 1.62 (0.89-2.96) 0.117 1.40 (0.73-2.66) 0.309
mALI
High Reference Reference Reference Reference
Low 3.09 (1.68-5.68) <0.001 3.09 (1.68-5.69) <0.001 2.20 (1.17-4.14) 0.014 2.22 (1.19-4.13) 0.012
AFTER PSM
mALI
High Reference Reference Reference Reference
Low 2.16 (1.04-4.48) 0.039 2.26 (1.09-4.70) 0.029 2.26 (1.08-4.70) 0.030 2.88 (1.33-6.26) 0.007

4Adjusted covariates: Basic model: age, gender, BMI, hypertension, diabetes, cardiovascular diseases, and smoking; Core model: basic model plus surgery type and laterality; Extended
model: core model plus AJCC stage, T stage, N stage, M stage, and fuhrman grade. PSM, propensity score matching;, BMI, body mass index; AJCC, american joint committee on
cancer; aHR, adjusted hazard ratio; Cl, confidence interval; mALI, modified advanced lung cancer inflammation index.

mALIL aHR = 3.09; 95% CI 1.68-5.69, p < 0.001), core model
(low mALI vs. high mALIL: aHR = 2.20; 95% CI 1.17-4.14, p
= 0.014) or extended model (low mALI vs. high mALI: aHR =
2.22; 95% CI 1.19-4.13, p = 0.012), while ALI was statistically
significant only in the basic model (Table 2).

Considering the effect of other confounding variables, we
performed a 1:1 PSM analysis for the high mALI and low
mALI groups and adjusted for the 14 variables of gender, age,
BMI, cardiovascular disease, diabetes, hypertension, smoking,
surgery type, laterality, AJCC stage, T stage, N stage, M stage,
and Fuhrman grade (Figure4). After the PSM analysis, 154
patients were included in the high mALI and low mALI groups,
respectively. Clinicopathological characteristics of 308 patients

after PSM were shown in Supplementary Table 1. We performed
survival analysis in 308 patients and Kaplan-Meier curves still
showed that low mALI (p = 0.034) was associated with a poorer
prognosis (Figure 5). Univariate and multivariate Cox regression
analyses showed that low mALI was associated with a higher
risk and that low mALI was associated with a 188% higher risk
compared to high mALI in the extended model (aHR = 2.88; 95%
CI 1.33-6.26, p = 0.007) (Table 2).

DISCUSSION

Our study is the first study assessing the prognostic value of
ALI and mALI in RCC. In this multi-institutional retrospective
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study, we included clinical data from 440 patients who underwent
nephrectomy and used Kaplan-Meier curves, ROC curves, and
univariate and multivariate Cox regression analyses to explore
the correlation between ALI, mALI and OS. We found that low
ALI and low mALI were correlated with poor prognosis, mALI
was an independent risk factor for OS, and mALI was a better
predictor of OS in RCC patients than ALL In addition, we further
performed 1:1 PSM on patients in the low mALI and high mALI
groups and found that mALI was still an independent risk factor
for OS.

L3 muscle index is a common indicator of sarcopenia.
Sarcopenia is an age-related syndrome and is considered
an emerging indicator that can reflect nutritional status
(16). Sarcopenia is defined as an age-related syndrome of

reduced skeletal muscle mass, decreased muscle strength and/or
decreased physical performance (17). Currently, sarcopenia can
be assessed by measuring the L3 lumbar skeletal muscle index
(SMI) (18). In recent years, there were increasing evidences
that oncology patients often had comorbid sarcopenia. The
prevalence of sarcopenia ranged from 20 to 70% in different
tumors (19). Studies have shown that as SMI decreases, oncology
patients have a poorer prognosis and an increased risk of
complications (20). Our previous studies found that sarcopenia
was a risk factor for survival time in patients with bladder
cancer and RCC (13, 21). Sarcopenia played an important role
in the treatment prognosis of oncology patients, and nutritional,
exercise and pharmacological interventions for patients with
sarcopenia could reduce the occurrence of post-treatment
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FIGURE 5 | Kaplan-Meier curves for OS stratified by mALI after PSM. OS, overall survival; mALI, modified advanced lung cancer inflammation index; PSM, propensity
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complications and improve the prognosis of patients with
oncology (22).

ALB is a product synthesized by the liver and is an
important component of human serum protein, which has an
important role in the transport and synthesis of substances in
the organism. Serum ALB is a common marker used to assess
the nutritional status of patients, and low serum ALB level
indicates that the patient is malnourished (23). In addition to
being an indicator of nutritional status, serum ALB may also
be associated with mechanisms of inflammatory response (24).
Studies have demonstrated that preoperative low serum ALB
levels may be considered as a marker of systemic inflammation
and a poor prognostic indicator of survival outcome in cancer
patients (25, 26).

Many studies have shown that the development of malignant
tumors is closely related to the tumor microenvironment
(27). Inflammatory cells, such as neutrophils, lymphocytes,
and monocytes, are important components of the tumor
microenvironment, and their mediated inflammatory responses
can promote tumor cell proliferation, invasion, metastasis,
and immune escape (7, 28). The combination of multiple
inflammatory cells, such as NLR, PLR and LMR, has been
shown to correlate with the prognosis of various cancers (29,
30). NLR is an evaluation indicator reflecting the systemic
inflammatory response and is one of the earliest and most
classical inflammatory indicators found. The literature reports
that preoperative NLR levels are significantly associated with
postoperative tumor survival in a variety of solid tumors (31).
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In order to better assess patient prognosis, Jafri et al. (14)
developed an index (ALI) that could reflect the degree of systemic
nutrition and inflammation in patients based on three indicators:
BMI, ALB and NLR, and found that low ALI was a poor
prognostic indicator for patients with advanced NSCLC. In
addition, subsequent studies have shown that low ALI can be
used to assess the prognosis of various malignancies, such as
small cell lung cancer (SCLC), colorectal cancer and pancreatic
carcinoma (32, 33). Considering that BMI cannot directly
measure body fat and skeletal muscle content, Kim et al. (15)
replaced BMI with L3 muscle index to construct a modified ALI
(mALI) score and found that low mALI was an independent
prognostic risk factor for SCLC patients OS shortening. In the
present study, we compared the predictive ability of ALI and
mALI for OS, and found that mALI better predicted OS in RCC
patients and that mALI was an independent risk factor for OS.

Despite the positive results obtained in this study, there are
several limitations to this study. First, although this study was
a three-institution multicenter study, it was still a retrospective
study and required an expanded sample for prospective studies.
Second, we did not assess patients’ quality of life or postoperative
nutritional status. Final, we did not include other treatments in
the study, which may also have an impact on prognosis.

CONCLUSION

In general, we found that both ALI and mALI were associated
with poor prognosis in patients with RCC, but mALI was a
better predictor of OS than ALIL and mALI was an independent
prognostic factor for OS in patients with RCC undergoing
laparoscopic nephrectomy.
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