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Abstract
Background: The advanced lung cancer inflammation index (ALI), which comprehen-
sively evaluates the patient body composition and inflammation/nutritional status, 
is reportedly associated with the patient outcome in lung cancer. However, the clini-
cal significance in colorectal cancer (CRC) patients after curative resection remains 
unclear.
Methods: A total of 813 CRC patients after curative resection between April 2005 
and June 2019 in a single institution were retrospectively enrolled. The association 
of the preoperative ALI (calculated as follows: body mass index × albumin value/
neutrophil- to- lymphocyte ratio) with clinicopathological factors, postoperative com-
plications, and survival was analyzed.
Results: A low ALI was significantly associated with male gender, older age, a higher 
depth of tumor invasion, progressed TNM stage, and preoperative carcinoembryonic 
antigen (CEA) positivity. Both postoperative complications and severe complications 
occurred more frequently in the ALI- low group than in the ALI- high group (P < .001 
and P < .001, respectively), especially postoperative complications in stage III pa-
tients (P < .001) and severe complications in stages II and III patients (P = .024 and 
P = .004, respectively). In addition, a low ALI was an independent predictor of a poor 
overall survival (hazard ratio: 2.30, 95% confidence interval: 1.52– 3.50, P < .001) 
and relapse- free survival (hazard ratio: 1.73, 95% confidence interval: 1.22– 2.44, 
P = .002), especially in older patients, and in patients without lymph node metastasis 
or severe postoperative complications.
Conclusion: This study suggests that preoperative ALI may serve as a novel inde-
pendent predictive index for severe postoperative complications and recurrence in 
CRC patients after curative resection.
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1  | INTRODUC TION

Tumor factors, such as the TNM stage, and pathological and molecular 
features, are strongly associated with cancer progression and patient 
outcome. Similarly, in recent years the importance of host factors has be-
come known. Weight loss, undernutrition, and systemic inflammation in 
cancer patients are common conditions and can reportedly predict patient 
outcome.1,2 In colorectal cancer (CRC), a low body mass index (BMI), hy-
poalbuminemia, and high inflammation status have been reported to be 
predictive markers for postoperative complications, recurrence, and a poor 
prognosis.3– 6 In addition, recent basic research has unveiled an association 
between such host factors and the host immune status.7 Therefore, it is 
important for cancer treatment strategies to evaluate host factors known 
to be related to patient outcome. However, there have been few reports 
on predictive indices that comprehensively indicate the body composition, 
nutrition, and systemic inflammation status in CRC patients.

The advanced lung cancer inflammation index (ALI) was initially 
reported as a screening tool for patients with non- small- cell lung 
cancer. This index is based on the patient's BMI, serum albumin 
level, and neutrophil- to- lymphocyte ratio (NLR) (ALI; BMI × albu-
min value/NLR).8 Its predictive value has been reported in patients 
after curative resection with lung cancer,9 head and neck cancer,10 
esophageal cancer,11 and gastric cancer.12 In CRC, Shibutani et al13 
reported the utility of the ALI as a prognosticator in unresectable 
metastatic CRC, and Xie et al14 reported its utility as a predictor for 
the postoperative outcome. Recently, Kusunoki et al15 reported that 
low ALI status was significantly associated with the prognosis in 
CRC patients after resection. However, no study has focused on the 
association of the ALI with postoperative severe complications and 
recurrence in CRC patients after curative resection.

Given the above, we hypothesized that the preoperative ALI 
could predict postoperative severe complications and recurrence in 
CRC patients who underwent potentially curative resection. To test 
this hypothesis, we used a dataset of 813 CRC cases from a single in-
stitution and examined the association of the preoperative ALI with 
the clinicopathological factors, postoperative complications, and 
survival outcome in CRC patients after curative resection.

2  | PATIENTS AND METHODS

2.1 | Patients and study design

A total of 1013 consecutive CRC patients who underwent resection 
at Kumamoto University Hospital (Kumamoto, Japan) between April 
2005 and June 2019 were enrolled. Of them, 813 who underwent 
potentially curative resection were enrolled in this study. Figure 1A 
shows the inclusion/exclusion criteria in this study. The surgical 

procedures were based on the Japanese colorectal cancer treatment 
guidelines.16- 18 TNM staging was based on the 7th edition of the 
Union for International Cancer Control classification.19

The protocol of this study was approved by the Human Ethics Review 
Committee of the Graduate School of Medicine, Kumamoto University 
(Institutional Review Board number 1047), and carried out according to 
the Declaration of Helsinki and Good Clinical Practice Guidelines.

2.2 | Clinicopathological factors and preoperative 
serum data

We collected and tested serum samples obtained within 2 wk before 
surgery. Laboratory measurements included albumin (g/dL), total neu-
trophil count (TNC; /mm3), total lymphocyte count (TLC; /mm3), car-
cinoembryonic antigen (CEA; ng/mL), and carbohydrate antigen 19- 9 
(CA19- 9: U/mL). Positivity of CEA (>5.0 ng/mL) and CA19- 9 (>37 U/
mL) was defined based on past reports.20,21 The BMI (kg/m2) was calcu-
lated from the preoperative patient height (m) and weight (kg), measured 
by our clinical staff on the date of admission. The NLR was calculated by 
dividing the TNC by the TLC. The ALI was calculated as follows: BMI × 
albumin value/NLR. The cutoff value was calculated separately for male 
and female patients based on past reports.14 In this study we used a 
classification and regression tree (CART) analysis for the patient overall 
survival (OS) to determine the optimal cutoff value of ALI. The value for 
males was 43.099, and we defined ≤43.099 as a low ALI and >43.099 as 
a high ALI. The value for females was 13.197, and we defined ≤13.197 
as a low ALI and >13.197 as a high ALI (Figure S1).

2.3 | Statistical analyses

All statistical analyses were performed with JMP v. 10 (SAS Institute, 
Cary, NC), or R V. 3.6.3 (R Development Core Team, Vienna, Austria). 
We performed all analyses in patients who underwent potentially cu-
rative resection and had the necessary preoperative data for calculat-
ing the ALI (n = 813, Stages I– III, Figure 1A). We analyzed categorical 
variables using the chi- square test and continuous variables using 
Student's t- test. Spline plots showed the hazard ratio (HR) of death 
or relapse as a continuous function of the ALI. The OS was defined as 
the interval from the date of resection to the date of death from any 
cause, and the relapse- free survival (RFS) was defined as the interval 
from the date of resection to the first date of confirmed recurrence or 
death. The Kaplan– Meier method and log- rank test were used for the 
survival analysis. Severe postoperative complications were defined as 
those of Clavien– Dindo classification ≥III. A multivariate Cox propor-
tional hazards analysis (using the maximum likelihood model) was ad-
justed for the sex, age, tumor location, depth of tumor invasion, lymph 
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node metastasis, and severe postoperative complications to calculate 
the HR and 95% confidence intervals (CIs) for the ALI status.

3  | RESULTS

3.1 | Association between the preoperative ALI and 
patient prognosis

We first examined the association between the preoperative ALI and pa-
tient prognosis. Spline plots showed the estimated shapes of the HR for 
death or relapse as a continuous function of the ALI (Figure 1B). For both 
death and relapse, the ALI showed a declining pattern in spline plots, re-
gardless of gender, such that the risk gradually decreased as the ALI value 
increased. Therefore, we performed a CART analysis to determine the cut-
off value of the ALI depending on the sex and separated all cases into two 
populations: ALI- high, n = 532; and ALI- low, n = 281 (Figure 1A, Figure S1). 
Patients with a high ALI had significantly longer OS and RFS than those 
with a low ALI (Figure 1C). In the patients with a high ALI and those with a 
low ALI, the 5- year OS rates were 86.5% and 73.1% (P < .001), respectively, 
while the 5- year RFS rates were 77.3% and 63.9% (P < .001), respectively.

3.2 | Association of the preoperative ALI with the 
clinicopathological factors and postoperative 
complications

Next we examined the association of the preoperative ALI with clin-
icopathological factors and postoperative complications. Table 1 shows 
the association between the preoperative ALI and clinicopathological 

factors. A low ALI was significantly associated with male gender 
(P < .001), older age (P = .016), deeper tumor invasion (P < .001), a 
progressed TNM stage (P < .001), and CEA positivity (>5.0 ng/mL) 
(P < .001).

Figure 2 shows the association between the preoperative ALI and 
postoperative complications. Postoperative complications occurred in 
275 patients (33.8%), including stage I in 86 (28.1%), stage II in 102 
(37.5%), and stage III in 87 (37.2%); and severe postoperative compli-
cations (defined as Clavien– Dindo classification ≥III) occurred in 116 
patients (14.3%), including stage I in 33 (10.8%), stage II in 47 (17.3%), 
and stage III in 36 (15.4%). Both postoperative complications and se-
vere complications occurred more frequently in the ALI- low group than 
in the ALI- high group (P < .001; Figure 2A, and P < .001; Figure 2B). 
In addition, in the subgroup analysis the rate of postoperative compli-
cations in patients with stage III CRC was significantly higher in the 
ALI- low group than in the ALI- high group (P < .001; Figure 2A), while 
that of severe postoperative complications in patients with stage II and 
stage III CRC was significantly higher in the ALI- low group than in the 
ALI- high group (P = .024 and P = .004; Figure 2B).

3.3 | Clinical impact of the preoperative ALI on the 
survival outcome

Finally, we examined the independent clinical impact of the preoper-
ative ALI on the survival outcome. In multivariate analysis (Table 2), 
a low ALI was a significant predictor of a higher OS mortality (HR: 
2.30, 95% CI: 1.52- 3.50, P < .001), as was an older age (P < .001), 
lymph node metastasis (P = .046), and severe postoperative com-
plications (P = .047). Similarly, a low ALI was a significant predictor 

F I G U R E  1   The preoperative ALI and long- term patient outcome. (A) Flow chart for this study (inclusion/exclusion criteria). (B) Spline 
plots showing the HR for the overall survival and RFS using the preoperative ALI. (C) The probabilities (Kaplan– Meier plots) for the overall 
survival and recurrence rate. ALI, advanced lung cancer inflammation index; BMI, body mass index; HR, hazard ratio; NLR, neutrophil- to- 
lymphocyte ratio

(A) (B)
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of a higher RFS mortality (HR: 1.73, 95% CI: 1.22– 2.44, P = .002), 
as was female gender (P = .031), older age (P < .001), deeper tumor 
invasion (P < .001), lymph node metastasis (P < .001), and severe 
postoperative complications (P = .008). In the subgroup analysis, re-
garding the OS, all patients had a risk benefit with a high ALI, except 
for younger patients and patients with severe postoperative compli-
cations (Figure 3A). In addition, regarding the RFS, all patients had 
a risk benefit with a high ALI, except for younger patients, patients 
with deeper tumor invasion, positive lymph node metastasis, and 
severe postoperative complications (Figure 3B). A high ALI was an 
independent predictor with quantitative interaction for a better OS 

in older patients (P < .001, Pfor interaction = .016), and for a better OS 
and RFS in patients without lymph node metastasis (OS: P < .001, 
Pfor interaction = .002, and RFS: P < .001, Pfor interaction < .001), or severe 
postoperative complication (OS: P < .001, Pfor interaction = .002, and 
RFS: P = .001, Pfor interaction = .002).

4  | DISCUSSION

We assessed the usability of the preoperative ALI in CRC patients 
after curative resection. With a retrospective review of 813 CRC 

Characteristics

Overall
n = 813

ALI- high
n = 532

ALI- low
n = 281

P value a n (%) n (%) n (%)

Sex

Male 464 (57%) 219 (41%) 245 (87%) <.001

Female 349 (43%) 313 (59%) 36 (13%)

Age

<65 291 (36%) 206 (39%) 85 (30%) .016

≥65 522 (64%) 326 (61%) 196 (70%)

BMI (kg/m2)

<18.5 95 (12%) 54 (10%) 41 (15%) <.001

18.5≤, <25 536 (66%) 328 (62%) 208 (74%)

≥25 182 (22%) 150 (28%) 32 (11%)

Tumor location

Right side 264 (32%) 161 (30%) 103 (37%) .065

Left side 549 (68%) 371 (70%) 178 (63%)

Depth of tumor invasion

T1 198 (24%) 154 (29%) 44 (16%) <.001

T2 160 (20%) 115 (22%) 45 (16%)

T3 342 (42%) 205 (38%) 137 (49%)

T4 113 (14%) 58 (11%) 55 (19%)

Lymph node metastasis

Negative 580 (71%) 372 (70%) 205 (73%) .364

Positive 233 (29%) 160 (30%) 76 (27%)

Stage

I 307 (38%) 226 (43%) 81 (29%) <.001

II 274 (34%) 149 (28%) 125 (44%)

III 232 (28%) 157 (29%) 75 (27%)

CEA (ng/mL)

≤5 590 (73%) 412 (77%) 178 (63%) <.001

>5 223 (27%) 120 (23%) 103 (37%)

CA19- 9 (U/mL)

≤37 685 (84%) 451 (85%) 234 (83%) .578

>37 128 (16%) 81 (15%) 47 (17%)

Abbreviations: ALI, advanced lung cancer inflammation index; CA19- 9, carbohydrate antigen 19- 9; 
CEA, carcinoembryonic antigen.
aP value was based on the chi- square test for categorical factors.

TA B L E  1   Association between ALI and 
clinicopathological factors
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cases, our study showed that a low ALI was significantly associated 
with postoperative complications and severe complications, espe-
cially postoperative complications in stage III CRC patients and se-
vere complications in stages II and III CRC patients. In addition, a low 
ALI was an independent predictor of a poor OS and RFS, especially 
in older patients, and in patients without lymph node metastasis or 
severe postoperative complications.

In our analysis, we found that the ALI was a significant predic-
tor of recurrence in CRC. Gastrointestinal cancer is more prone to 
malnutrition, hypoalbuminemia, and systemic inflammation due 
to tumor obstruction and consumption than other cancers, so our 
results are reasonable, considering previous studies that explored 
the usefulness of ALI for predicting the outcome in various other 
cancers.9- 12,15 Cancer patients are likely to be malnourished because 
of their high metabolism,1 and malnutrition/cachexia is reportedly 
associated with an impaired immune function and poor outcome.6 
Furthermore, inflammation is known to lead to hypoalbuminemia, 
irrespective of the nutritional status, and hypoalbuminemia is a neg-
ative prognostic factor in cancer patients.22- 24 Similarly, the NLR, 
which measures the inflammation/immunity ratio, has been related 
to postoperative recurrence in various solid tumors.25 Neutrophils 
develop a proinflammatory status related to tumor progression 

by activating inflammatory markers, such as vascular endothelial 
growth factor in the tumor microenvironment.26,27 In contrast, the 
peripheral lymphocyte count reflects the immune system suppress-
ing tumor progression and metastasis.28,29 Therefore, the ALI, which 
is calculated based on body composition, nutrition, and systemic 
inflammation, may be a comprehensive indicator predicting recur-
rence in CRC after curative resection. Furthermore, our data showed 
that the ALI was particularly useful in older cases and cases without 
lymph node metastasis. This may aid in deciding on postoperative 
treatment strategies in CRC, including the introduction of adjuvant 
chemotherapy and attempts to improve the preoperative ALI.

Severe postoperative complications are largely associated 
with recurrence and are an independent prognosticator for cancer 
patients after curative resection.30 Surgical invasion and severe 
postoperative complications induce inflammatory cytokines and 
contribute to cancer progression.31,32 In addition, inflammatory re-
actions facilitate the survival of cancer cells and promote metasta-
sis.33,34 Therefore, predicting severe postoperative complications 
is important for developing CRC treatment strategies. Our study 
showed that the ALI was a novel predictor of severe postopera-
tive complications, especially in progressed CRC patients, and ad-
ditionally predicted a poor OS and RFS in patients without severe 

F I G U R E  2   The preoperative ALI and short- term patient outcome. (A) The association between the preoperative ALI and postoperative 
complications. (B) The association between the preoperative ALI and severe postoperative complications (Clavien– Dindo classification ≥III). 
ALI, advanced lung cancer inflammation index
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postoperative complications. This means that the usefulness of ALI 
is more sensitive in patients with larger surgical invasiveness and in 
patients without postoperative complications, a prognostic factor. 

Our finding may aid in the development of strategies for improving 
the prognosis of CRC patients. However, Xie et al14 recently demon-
strated conflicting findings, noting that the ALI was a predictor of 

TA B L E  2   Association between ALI and patient survival outcome

Clinicopathological factors
Univariate HR
(95% CI) P value

Multivariate HR
(95% CI)a  P value

Overall survival

Sex Male/Female 1.13 (0.79– 1.61) .496 0.75 (0.49– 1.14) .174

Age ≥65/<65 2.14 (1.45– 3.25) <.001 1.96 (1.32– 3.00) <.001

Tumor location Right side/left- side 1.41 (0.99– 1.99) .055 1.22 (0.85– 1.74) .286

Depth of tumor invasion T3- T4/T1- T2 1.59 (1.12– 2.30) .009 1.20 (0.82– 1.77) .346

Lymph node metastasis Positive/negative 1.52 (1.06– 2.17) .024 1.47 (1.01– 2.12) .046

Postoperative complication CD classification ≥III/<III 1.73 (1.12– 2.58) .015 1.57 (1.01– 2.39) .047

ALI Low/High 2.27 (1.62– 3.21) <.001 2.30 (1.52– 3.50) <.001

Relapse free survival

Sex Male/Female 0.91 (0.69– 1.20) .496 0.69 (0.49– 0.97) .031

Age ≥65/<65 1.77 (1.30– 2.45) <.001 1.73 (1.27– 2.41) <.001

Tumor location Right side/left- side 1.09 (0.81– 1.46) .553 0.97 (0.71– 1.31) .846

Depth of tumor invasion T3- T4/T1- T2 2.47 (1.82– 3.41) <.001 1.86 (1.35– 2.60) <.001

Lymph node metastasis Positive/negative 2.31 (1.74– 3.05) <.001 1.94 (1.45– 2.60) <.001

Postoperative complication CD classification ≥III/<III 1.82 (1.28– 2.52) .001 1.64 (1.14– 2.31) .008

ALI Low/High 1.70 (1.28– 2.24) <.001 1.73 (1.22– 2.44) .002

Abbreviations: ALI, advanced lung cancer inflammation index; CD classification, Clavien– Dindo classification; CI, confidence interval; HR, hazard ratio.
aMultivariate Cox proportional hazards regression model was adjusted for sex, age, tumor location, depth of tumor invasion, lymph node metastasis, 
postoperative complication, and ALI status/PNI.

F I G U R E  3   Results of a subgroup analysis according to the ALI for the long- term patient outcome. ALI, advanced lung cancer 
inflammation index
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low- grade complications rather than severe ones. This may be due to 
our inclusion criteria of patients with metastatic CRC, indicating that 
patients with metastatic CRC are more likely to have severe compli-
cations, regardless of the ALI. In addition, the use of different cutoff 
values for nonmetastatic and metastatic CRC may have affected the 
results. To verify this, a prospective study is needed that allows for 
larger and more sufficient subgroup analyses.

In the present study, we found that a low ALI was significantly 
associated with male gender, older age, deeper tumor invasion, pro-
gressed TNM stage, and CEA positivity in CRC patients after cura-
tive resection. Among these factors, the frequency of a low ALI was 
significantly higher in men (52.5%; 245/464) than in women (10.3%; 
36/349). This is because the optimal cutoff value, calculated using a 
CART analysis for the OS, is completely different between men and 
women (men: 43.099, women: 13.197). The optimal cutoff value of 
the ALI remains controversial, despite strong evidence of the practi-
cality of the ALI through different stages of treatment in various can-
cers.8- 14 One reason for this may be the different treatment settings 
and tumor stages.35,36 Alternatively, it may be due to the differences 
in the importance of the BMI by sex and the ambiguity of the BMI to 
assess patient body composition for cancer patients. The BMI is an 
established nutritional index, but some reports have shown no as-
sociation between the BMI and CRC development in women.37,38 In 
addition, the utility of the BMI is usually limited due to its inaccurate 
representation of body compositions. The BMI allows no distinction 
between fat mass and lean mass, and body weight loss is indistinct 
in patients with pleural effusion or body edema. Furthermore, we 
previously reported that the clinically meaningful body composition 
type differed between male and female CRC patients.39 The ALI may 
be a simple and comprehensive index for assessing host factors, but 
further improvements are necessary, taking into account the sex as 
well as the fat mass and lean mass content, such as the muscle and 
intracellular fluid.

Colorectal cancer is the third leading cause of death from can-
cer worldwide,40 and requires radical resection for cure.41 Given 
our results that ALI is a predictor of postoperative severe com-
plications and recurrence, ALI has the potential to help surgeons 
and oncologists in CRC treatment. Some reports have shown that 
preoperative interventions for the CRC patients improve the out-
come. van Rooijen et al42 reported that multimodal prehabilitation 
can reduce postoperative complications, and Gills et al43 reported 
that nutritional prehabilitation and an exercise program significantly 
decreased the length of the hospital stay. Furthermore, as immune 
checkpoint inhibitors have resulted in breakthroughs in cancer treat-
ment, understanding the host factors related to tumor inflammation 
and the immune microenvironment is important for improving can-
cer treatment.44 Preoperative interventions for the improvement of 
ALI and evaluation of patient status using ALI might help in develop-
ing treatment strategies for CRC.

Several limitations associated with the present study warrant 
mention. The limited sample size in a single institution and ret-
rospective design may cause selection bias. We were unable to 

compare the ALI with the various useful body composition, nutri-
tion, and systemic inflammation markers reported in CRC. As a trial, 
we tested the usefulness of the prognostic nutritional index (PNI), 
and detected that PNI is a prognostic marker as well (cutoff value: 
45, HR for OS: 2.42 and HR for RFS: 1.77). However, our aim in this 
study was to find out if preoperative ALI could predict postoperative 
severe complications and recurrence in CRC patients after curative 
resection, not to compare the usefulness of ALI with other markers. 
Furthermore, we discussed using only the preoperative ALI data and 
not taking the postoperative ALI into consideration. We did not con-
sider the data, such as tumor pathological and molecular features, 
or basic information on the tumor microenvironment either. The ALI 
might be affected by other preoperative factors; for example, pre-
operative renal dysfunction, hepatic dysfunction, or steroid use are 
known to modify the ALI, as they can affect the body composition, 
nutrition, and systemic inflammation status. In addition, the optimal 
cutoff value calculated in this study is completely different between 
men and women. Despite the above limitations, our study revealed 
for the first time that ALI could predict postoperative severe com-
plications and recurrence in CRC patients after curative resection. 
Further large- scale population- based prospective studies are re-
quired to fully validate our findings.

In conclusion, we reported that the ALI was an independent pre-
dictor of postoperative severe complications and recurrence in CRC 
patients after curative resection. Calculating the preoperative ALI 
may be useful for developing postoperative treatment strategies in 
CRC.
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