
Abstract. Background/Aim: The albumin-bilirubin (ALBI) 
grade is an assessment tool for hepatic function and prognosis 
in patients with hepatocellular carcinoma (HCC). However, its 
significance in patients with non-small cell lung cancer 
(NSCLC) treated with an epidermal growth factor receptor 
tyrosine kinase inhibitor (EGFR-TKI) remains unclear. We 
retrospectively investigated the relationship between pre-
treatment ALBI grade and hepatotoxicity and treatment efficacy 
in patients with NSCLC receiving EGFR-TKIs. Patients and 
Methods: We analyzed data from 182 patients with NSCLC 
treated with EGFR-TKIs. Patients were categorized into ALBI 
grades 1/2a and 2b/3 groups. We examined the association 
between ALBI grade, hepatotoxicity, and time to treatment 

failure (TTF) using univariate and multivariate analyses. 
Results: In the univariate Kaplan-Meier analysis, ALBI grade 
was not associated with hepatotoxicity (log-rank p=0.56). This 
finding was consistent with the multivariate analysis of patients 
treated with gefitinib and erlotinib (n=158). However, In the 
univariate Kaplan-Meier analysis, the median TTF for the ALBI 
grade 1/2a group was 10.6 months, compared to 5.8 months for 
the ALBI grade 2b/3 group (hazard ratio=1.66, 95% confidence 
interval=1.19-2.33, p=0.003). Multivariate analysis confirmed 
that ALBI grade 2b/3 (hazard ratio=1.64, 95% confidence 
interval=1.16-2.30, p<0.01) was independently associated with 
shortened TTF. Conclusion: Pretreatment ALBI grade 
classification can predict efficacy in patients with NSCLC 
treated with EGFR-TKIs. 
 
Globally, lung cancer is the leading cause of cancer-related 
mortality, with non-small cell lung cancer (NSCLC) accounting 
for more than 85% of all lung cancer cases. Epidermal growth 
factor receptor (EGFR) mutations have been reported in 
approximately 45% (ranging from 21% to 68%) of Japanese 
patients with adenocarcinomas (1). The development of EGFR 
tyrosine kinase inhibitors (TKIs) has significantly improved the 
prognosis of patients with NSCLC with EGFR mutations (2). 
According to the Japanese Lung Cancer Society Guidelines for 
stage IV NSCLC, osimertinib is recommended for patients 
with a superior performance status (PS). In contrast, gefitinib 
and erlotinib are recommended as first-line therapies for elderly 
patients and those with inferior PS who have NSCLC with 
exon 19 deletions or L858R point mutations in exon 21 of the 
EGFR gene (3-5). 
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Adverse events (AEs) associated with EGFR-TKIs include 
rash, diarrhea, hepatotoxicity, and interstitial lung disease (ILD) 
(2, 6, 7). Some patients discontinue EGFR-TKI treatment due to 
these AEs. The most common reasons for discontinuation are 
skin toxicity, ILD, and hepatotoxicity (8). Hepatotoxicity of grade 
≥3, as defined by the Common Terminology Criteria for Adverse 
Events (CTCAE), was observed in 18.0% of patients treated with 
gefitinib and 5.4% of patients treated with erlotinib (8). While 
hepatotoxicity has been reported with second- and third-
generation TKIs (such as afatinib, dacomitinib, and osimertinib), 
it occurs less frequently than with first-generation TKIs (gefitinib 
and erlotinib) (6, 7, 9). There have been a few previous reports 
on factors associated with the risk of hepatotoxicity due to 
gefitinib and erlotinib. Common factors associated with 
hepatotoxicity for both gefitinib and erlotinib include liver 
metastases, exon 19 deletion mutations in EGFR, concomitant 
use of acid-suppressing medications (AS) or cytochrome P450 
(CYP) 3A4 inducers, and the presence of hepatitis virus. 
Additional factors identified include age <65 years and a body 
mass index (BMI) ≥25 kg/m2 for gefitinib and age ≥65 years for 
erlotinib. It has been reported that the concomitant use of AS with 
erlotinib decreases the risk of hepatotoxicity (10-14). Therefore, 
further evidence is required to predict hepatotoxicity better. 

The albumin-bilirubin (ALBI) score/grade was proposed as 
an assessment tool for hepatic function in patients with 
hepatocellular carcinoma (HCC) (15). It is based on the objective 
indices of serum albumin (Alb) and total bilirubin (T-Bil). The 
ALBI score is simple and objective and offers discriminatory 
advantages over the Child-Pugh Score. Detailed stratification 
using the modified ALBI (mALBI) score can accurately predict 
the prognosis of patients with HCC (16). Although not widely 
well known, the ALBI score may be associated with drug-
induced liver injury (17, 18). Pretreatment ALBI score has been 
linked to hepatotoxicity in patients with metastatic colorectal 
cancer treated with regorafenib (19). However, the relationship 
between ALBI grade and the hepatotoxicity of EGFR-TKI 
treatment in NSCLC has not been fully elucidated. Recent 
studies have shown that the ALBI score is closely related to 
oncological outcomes in some malignancies. For instance, a 
preoperative ALBI score is associated with the discontinuation 
of S-1 adjuvant monotherapy and overall survival in patients 
with gastric cancer (20, 21). Preoperative ALBI score is also a 
prognostic factor for esophageal cancer and hepatocellular 
carcinoma patients after surgery (22, 23). The pretreatment ALBI 
score is associated with the prognosis of patients with metastatic 
colorectal cancer treated with regorafenib (19). Some studies 
have also reported that the ALBI score is linked to the prognosis 
of NSCLC. The pretreatment ALBI grade can predict the 
efficacy of immune checkpoint inhibitors (ICIs) in NSCLC (24). 
Additionally, the preoperative ALBI grade is an independent 
prognostic factor in surgically resected NSCLC (25). However, 
the association between ALBI grade and the efficacy of EGFR-
TKI treatment in NSCLC has not been fully elucidated. 

The present study aimed to evaluate the clinical impact of 
the pretreatment ALBI score in patients with NSCLC who 
received EGFR-TKIs. We retrospectively investigated the 
association between pretreatment ALBI grade and the incidence 
of hepatotoxicity, as well as time to treatment failure (TTF). 

 
Patients and Methods 
 
Patients. This study was approved by the Institutional Review Board 
Kanazawa Medical Center (R03-069), Handa City Hospital (2021-
002), and the National Center for Geriatrics and Gerontology 
(No.21TB13). Informed consent was obtained in the form of opt-out. 
Between January 2010 and June 2020, we conducted a retrospective 
study of patients with NSCLC treated with EGFR-TKIs, including 
gefitinib, erlotinib, afatinib, osimertinib, and dacomitinib. We excluded 
patients who did not have ALBI scores, as well as those whose 
aspartate aminotransferase (AST), and alanine aminotransferase (ALT) 
levels results were not recorded before the administration of TKIs. 
Additionally, patients with elevated AST/ALT levels of grade ≥2, as 
assessed by the Common Terminology Criteria for Adverse Events 
(CTCAE) version 5, before TKI administration, were excluded. 
Patients who started treatment outside the observation period or at 
another institution were also excluded. 
 
Data collection. Patient characteristics and laboratory test data at 
the start of EGFR-TKI treatment were obtained from electronic 
medical records. The following data were collected prior to 
treatment: sex, age, BMI, smoking history, presence of hepatitis B 
and C viruses, presence of liver metastasis, type of EGFR mutation, 
laboratory test results, and concomitant medications. The age cutoff 
was defined based on previous reports (10, 11). The BMI at the start 
of treatment was calculated as weight (kg) divided by height (m) 
squared. Patients were stratified into the following BMI categories, 
as defined by the World Health Organization and prior studies (26, 
27): underweight (BMI <18.5 kg/m2), normal weight (BMI 18.5-25 
kg/m2), and overweight (BMI ≥25 kg/m2). Laboratory data collected 
before TKI treatment included Alb, T-Bil, AST, ALT, gamma-
glutamyl transpeptidase (GGT), alkaline phosphatase (ALP), lactate 
dehydrogenase (LDH), and serum creatinine. Creatinine clearance 
(Ccr) was calculated using serum creatinine and the Cockcroft-Gault 
formula. Concomitant medications included AS agents and CYP3A4 
inducers, based on a previous report (12). The AS agents included 
cimetidine, famotidine, lafutidine, nizatidine, ranitidine, omeprazole, 
esomeprazole, lansoprazole, pantoprazole, rabeprazole, and 
bonoprazan. The CYP3A4 inducers included bosentan, carbamazepine, 
dexamethasone, efavirenz, ethosuximide, etravirine, fosphenytoin, 
modafinil, nafcillin, oxcarbazepine, phenobarbital, phenytoin, 
prednisolone, primidone, rifabutin, and rifampicin. 

 
Definition of ALBI grade. The ALBI score was calculated using the 
following formula: 0.66×log10[T-Bil (mg/dl)×1.71]-0.085×10×[Alb 
(g/dl)]. ALBI grades were defined as follows: grade 1 (score 
≤−2.60), grade 2a (score >−2.60 and <−2.27), grade 2b (score 
≥−2.27 and ≤−1.39), and grade 3 (score >−1.39).  

Assessment of hepatotoxicity and efficacy. Hepatotoxicity was 
defined as an increase in either AST or ALT levels to grade 2 or the 
use of hepatoprotective drugs prescribed by a physician. Following 
a previous report on the onset of hepatotoxicity, we monitored AST 
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and ALT levels for 180 days from the start of treatment (13). TTF 
was defined as the period from the first dose of EGFR-TKIs to the 
last dose or death. 
 
Statistical analysis. Chi-square tests or Fisher’s exact tests were 
used to compare the categorical variables. The Mann-Whitney  
U-test or Student’s t-test was used to compare the continuous 
variables. The onset time of hepatotoxicity and TTF were estimated 
using the Kaplan-Meier method, with differences analyzed using the 
log-rank test. For univariate and multivariate analyses of factors 
related to hepatotoxicity or TTF-, Cox proportional hazards models 
were used to estimate hazard ratios (HRs) and 95% confidence 
intervals (95%CIs). In the multivariate analysis, factors deemed to 
have high clinical importance based on previous reports were 
included using forced entry methods. Statistical significance was set 
at p<0.05. Statistical analyses were performed using SPSS Statistics, 
version 27 (IBM Japan Ltd., Tokyo, Japan). 

 
Result 
 
Patient characteristics. A total of 246 patients received EGFR-
TKIs during the study period. We excluded patients who 
started treatment outside the observation period or at another 
institution (n=26), those whose AST/ALT levels and ALBI 
scores were not recorded before TKI administration (n=34), 

and those with elevated AST or ALT levels above grade 2 
before TKI administration (n=2). Consequently, the data from 
184 patients treated with TKIs were analyzed (Figure 1). 
Patient characteristics are summarized in Table I. The median 
age of the patients was 72 years (range=36-94 years). Of the 
184 patients, 69 (37.5%) were male, 96 (52.2%) had a history 
of smoking, 22 (12.0%) had a history of hepatitis virus 
infection, and 25 (13.6%) had liver metastasis. Additionally, 
78 patients (42.4%) had an exon 19 deletion, while 67 patients 
(36.4%) had an L858R point mutation in exon 21. The 
distribution of patients treated with different EGFR-TKIs was 
as follows: gefitinib (101 patients, 54.9%), erlotinib (57 
patients, 31.0%), osimertinib (18 patients, 9.8%), afatinib 
(eight patients, 4.3%), and dacomitinib (zero patients, 0%). 

 
Clinical characteristics associated with ALBI grade. There 
were 92 patients (50.0%) with ALBI grade 1, 42 (22.8%) 
with grade 2a, 42 (22.8%) with grade 2b, and eight (4.3%) 
with grade 3. Based on a previous study, we divided the 
patients into two groups: ALBI grade 1/2a and ALBI grade 
2b/3 (24). We analyzed the association between clinical 
characteristics and ALBI grade (Table II). Analysis of the 
patients’ characteristics revealed that ALBI grade 2b/3 was 
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Figure 1. Flow chart of study participants.

Table I. Patients’ background characteristics (n=184). 
 
Characteristics                                                            Value (range) or no.  
                                                                                        of patients (%) 
 
Age                                        Median, years                      72 (36-94) 
Sex                                         Male                                      69 (37.5) 
                                              Female                                  115 (62.5) 
BMI                                       Median, kg/m2                21.7 (12.7-34.0) 
Smoking history                    Smoker                                  73 (39.7) 
                                              Non-smoker                          96 (52.2) 
                                              Unknown                                15 (8.2) 
Hepatitis virus                      Positive                                  22 (12.0) 
 infection                              Negative                               154 (83.7) 
                                              Unknown                                 8 (4.3) 
Liver metastasis                    Positive                                  25 (13.6) 
                                              Negative                               159 (86.4) 
EGFR mutation                     Exon 19 deletion                   78 (42.4) 
                                              Exon 21 L858R                    67 (36.4) 
                                              Others                                    39 (21.2) 
TKIs                                       Gefitinib                               101 (54.9) 
                                              Erlotinib                                57 (31.0) 
                                              Osimertinib                            18 (9.8) 
                                              Afatinib                                   8 (4.3) 
                                              Dacomitinib                              0 (0) 
Modified ALBI grade           Grade 1                                  92 (50.0) 
                                              Grade 2a                                42 (22.8) 
                                              Grade 2b                                42 (22.8) 
                                              Grade 3                                    8 (4.3) 
 
BMI: Body mass index; EGFR: epidermal growth factor receptor; TKIs: 
tyrosine kinase inhibitors; ALBI grade: albumin-bilirubin grade.



significantly associated with BMI (p<0.01) and liver 
metastasis (p=0.02). Patients with ALBI grade 2b/3 were 
significantly less likely to be of normal weight (BMI ≥18.5 
and <25 kg/m²) and more likely to be underweight (BMI 
<18.5 kg/m²). Laboratory data revealed lower serum 
Albumin levels in the ALBI grade 2b/3 group, with no 
significant difference in total bilirubin levels. Additionally, 
levels of GGT (p<0.01), ALP (p<0.01), and LDH (p=0.03) 
were increased in the ALBI grade 2b/3 group. 

 
Association between ALBI grade and hepatotoxicity. We 
investigated hepatotoxicity by monitoring AST and ALT 
levels for 180 days after the initiation of TKI treatment. 
Hepatotoxicity occurred in 55 patients (29.9%), with grade 
3/4 hepatotoxicity occurring in 33 patients (17.9%). The 
incidence of hepatotoxicity by the drug was as follows: 
gefitinib (37 patients, 36.6%), erlotinib (14 patients, 24.6%), 

osimertinib (four patients, 22.2%), and none with afatinib. In 
the ALBI grade 1/2a group, 43 patients (32.1%) developed 
hepatotoxicity, while 12 patients (24.0%) in the ALBI grade 
2b/3 group experienced hepatotoxicity. For grade 3/4 
hepatotoxicity, 26 patients (19.4%) in the ALBI grade 1/2a 
group and seven patients (14.0%) in the ALBI grade 2b/3 
group were affected. The results of the analysis of the 
association between ALBI grade and the cumulative 
incidence of hepatotoxicity are shown in Figure 2. In the 
univariate Kaplan-Meier analysis, ALBI grade was not 
significantly related to hepatotoxicity (log-rank p=0.56). 
 
Univariate and multivariate analysis of risk factors for 
gefitinib or erlotinib. We investigated the factors associated 
with hepatotoxicity in patients treated with gefitinib or 
erlotinib, focusing on previously reported risk factors (Table 
III). In univariate analysis, ALBI grade was not significantly 
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Table II. Association of clinical characteristics with ALBI Grade. 
 

ALBI grade 
 
                                                                              1/2a 2b/3 
Clinical characteristics                                         (n=134) (n=50) p-Value 
 
Background-no. of patients (%)                           
Age (years)                                                           ≥65 103 (76.9) 39 (78.0)                                1.00a 
Sex                                                                        Male 47 (35.1) 22 (44.0)                                0.31a 
BMI (kg/m2)                                                         ≥25 18 (13.4) 8 (16.0)                               <0.01b 
                                                                              <25, ≥18.5 98 (73.1) 25 (50.0)                                   
                                                                              <18.5 18 (13.4) 17 (34.0)                                   
Smoking history                                                   Smoker 50 (37.3) 23 (46.0)                                0.31a 
Hepatitis virus infection                                      Positive 15 (11.2) 7 (14.0)                                 0.61a 
Liver Metastasis                                                   Positive 13 (9.7) 12 (24.0)                                0.02a 
EGFR mutation                                                    Exon 19 deletion 57 (42.5) 21 (42.0)                                0.99b 
                                                                              Exon 21 L858R 49 (36.6) 18 (36.0)                                   
                                                                              Others 28 (20.9) 11 (22.0)                                    
TKIs                                                                      Gefitinib 70 (52.2) 31 (62.0)                                0.56b 
                                                                              Erlotinib 44 (32.8) 13 (26.0)                                   
                                                                              Osimertinib 13 (9.7) 5 (10.0)                                     
                                                                              Afatinib 7 (5.2) 1 (2.0)                                      
                                                                              Dacomitinib 0 (0) 0 (0)                                       
Laboratory tests-median                                     Alb (g/dl) 4.0 (3.3-4.8) 3.0 (2.0-3.5)                           <0.01c 
 value (range)                                                       T-Bil (mg/dl) 0.6 (0.2-2.1) 0.5 (0.2-1.4)                              0.19c 
                                                                              AST (U/l) 20 (10-63) 22 (8-78)                                0.66c 
                                                                              ALT (U/l) 15 (4-54) 16 (4-79)                                0.66c 
                                                                              GGT (U/l), missing value 37 23.0 47.0                                  <0.01c 
                                                                              (10-170) (16-155)                                    
                                                                              ALP (U/l), missing value 7 275 348                                   <0.01c 
                                                                              (67-2,203) (140-1,616)                                 
                                                                              LDH (U/l), missing value 4 204 226                                     0.03c 
                                                                              (133-684) (129-1,289) 
                                                                              Ccr (ml/min) 68.0 67.1                                    0.63c 
                                                                              (14.2-127.5) (15.9-138.3)                                 
 
BMI: Body mass index; EGFR: epidermal growth factor receptor; TKIs: tyrosine kinase inhibitor; ALBI grade: albumin-bilirubin grade; Alb: serum 
albumin; T-Bil: total bilirubin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; GGT: gamma-glutamyl transpeptidase; ALP: alkaline 
phosphatase; LDH: lactate dehydrogenase; Ccr: creatinine clearance; aFisher’s exact test, bPearson’s chi-square test, and cMann-Whitney U-test. 



associated with hepatotoxicity (HR=0.70, 95%CI=0.35-1.39, 
p=0.31). However, concomitant use of AS medications was 
significantly associated with a decreased risk of 
hepatotoxicity (HR=0.50, 95%CI=0.27-0.94, p=0.03). This 
association was also significant in the multivariate analysis, 
which indicated that concomitant use of AS medications 
significantly reduced the risk of hepatotoxicity (HR=0.50, 
95%CI=0.27-0.94, p=0.03). 
 
Association between ALBI grade and TTF. The median TTF 
was 8.4 months (95%CI=6.4-10.4). We analyzed the 
relationship between TTF and ALBI grade (Figure 3). In the 
univariate Kaplan-Meier analysis, the median TTF was 10.6 
months for the ALBI grade 1/2a group and 5.8 months for 
the ALBI grade 2b/3 group (HR=1.66, 95%CI=1.19-2.33, 
p=0.003). We also examined the relationship between TTF 
and patient characteristics (Table IV). In univariate analysis, 
factors associated with a shortened TTF included being male 
(HR=1.57, 95%CI=1.14-2.15, p<0.01), having a history  
of smoking (HR=1.49, 95%CI=1.09-2.03, p=0.01), and 
concomitant use of CYP3A4 inducers (HR=2.12, 
95%CI=1.17-3.85, p=0.01). Conversely, treatment with 
osimertinib was associated with a prolonged TTF (HR=0.51, 
95%CI=0.29-0.93, p=0.03) compared to treatment with other 
TKIs. Additionally, a multivariate analysis was conducted to 
assess the relationship between TTF and patient 
characteristics using the Cox proportional hazards model. 
Our results showed that ALBI grade 2b/3 was associated 
with a shortened TTF (HR=1.64, 95%CI=1.16-2.30, p<0.01), 
while treatment with osimertinib was associated with a 
prolonged TTF (HR=0.53, 95%CI=0.29-0.97, p=0.04) 
compared to treatment with other TKIs. 

Discussion 
 
In this study, we retrospectively investigated the association 
between ALBI grade, hepatotoxicity, and TTF in patients with 
NSCLC treated with EGFR-TKIs. We found that ALBI grade 
is a prognostic factor for TTF but not for hepatotoxicity. 

In this study, we used the modified ALBI Grade 
classification. Matsukane et al. demonstrated that 
pretreatment ALBI grade can predict the efficacy of ICIs in 
NSCLC (24). In their study, patients were classified by 
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Figure 2. Kaplan-Meier curves of the association between occurrence of hepatotoxicity and ALBI grade. (A) Kaplan-Meier curve for all patients 
(n=184). (B) Kaplan-Meier curve for patients treated with gefitinib or erlotinib (n=158).

Figure 3. Kaplan-Meier curve for the comparison of time to treatment 
failure between ALBI grades 1/2a and 2b/3.



modified ALBI grade, with 37.1% having grade 1, 25.7% 
having grade 2a, 32.2% having grade 2b, and 5.0% having 
grade 3. These proportions were largely consistent with our 
data. Therefore, we divided the patients into ALBI grade 
1/2a and ALBI grade 2b/3 groups using the same criteria to 
evaluate the efficacy and hepatotoxicity of EGFR-TKIs. 
Lower serum Alb levels were observed in the ALBI grade 
2b/3 group; however, there was no difference in T-Bil levels. 
This suggests ALBI grade classifications in patients with 
NSCLC may exhibit similar patterns. Decreased serum Alb 
levels in patients with cancer can result from reduced Alb 

synthesis due to impaired liver function, poor nutritional 
status, and increased Alb consumption related to tumor 
hypermetabolism. While T-Bil levels did not differ 
significantly, GGT, ALP, and LDH levels were significantly 
higher in the ALBI grade 2b/3 group. Additionally, there 
were significantly more patients with liver metastases in the 
ALBI grade 2b/3 group. This suggests that patients with 
impaired liver function can be classified as having an ALBI 
grade 2b/3. Furthermore, there were significantly fewer 
patients with normal weight (BMI ≥18.5 and <25 kg/m²) and 
more underweight patients (BMI <18.5 kg/m²) in the ALBI 
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Table III. Univariate and multivariate analysis of factors of hepatotoxicity with gefitinib or erlotinib. 
 

Hepatotoxicity                               Univariate analysis Multivariate analysis 
 
Characteristics,              Absence Presence 
no. of patients (%)         (n=107) (n=51) HR 95%CI p-Value HR 95%CI p-Value 
 
Age (years)                     ≥65 81 (75.7) 41 (80.4) 1.13 0.57-2.26 0.73 1.27 0.63-2.57 0.50 
Sex                                  Male 39 (36.4) 23 (45.1) 1.48 0.85-2.57 0.16 1.55 0.88-2.71 0.13 
BMI (kg/m2)                   ≥25 15 (14.0) 10 (19.6) 1  
                                        <25, ≥18.5 71 (66.4) 32 (62.7) 0.74 0.36-1.51 0.41  
                                        <18.5 21 (19.6) 9 (17.6) 0.90 0.36-2.21 0.81  
Smoking history             Smoker 40 (37.4) 19 (37.3) 1.11 0.63-1.96 0.72  
Hepatitis virus               Positive 15 (14.0) 4 (7.8) 0.51 0.19-1.43 0.20  
 infection                         
Liver metastasis              Positive 17 (15.9) 4 (7.8) 0.61 0.22-1.69 0.34  
EGFR mutation              Exon 19 deletion 44 (41.4) 21 (41.2) 0.84 0.48-1.48 0.55  
Concomitant                   AS 50 (46.7) 13 (25.5) 0.50 0.27-0.94 0.03 0.50 0.27-0.94 0.03 
 medication                    CYP3A4 inducer 11 (10.3) 2 (3.9) 0.56 0.14-2.31 0.42  
Modified ALBI grade     Grade 2b/3 34 (31.8) 10 (19.6) 0.70 0.35-1.39 0.31 0.68 0.34-1.37 0.28 
 
BMI: Body mass index; EGFR: epidermal growth factor receptor; ALBI grade: albumin-bilirubin grade; AS: acid-suppressing medication; CYP3A4: 
cytochrome p450 3A4; HR: hazard ratio. 

Table IV. Univariate and multivariate analysis for time to treatment failure. 
 

Univariate analysis Multivariate analysis 
 
Characteristics                             No HR 95%CI p-Value HR 95%CI p-Value 
 
Age (years)                                  ≥65 1.38 0.96-1.97                 0.08 1.29 0.90-1.87                 0.17 
Sex                                               Male 1.57 1.14-2.15               <0.01 1.28 0.85-1.93                 0.24 
BMI (kg/m2)                                ≥25 1                                                       
                                                     <25, ≥18.5 0.93 0.61-1.43                 0.75                             
                                                     <18.5 1.04 0.62-1.75                 0.88                             
Smoking history                          Smoker 1.49 1.09-2.03                 0.01 1.26 0.86-1.86                 0.24 
Hepatitis virus infection             Positive 0.94 0.59-1.49                 0.78                             
Liver Metastasis                          Positive 1.29 0.84-1.98                 0.25                             
EGFR mutation                           Exon 19 deletion 0.74 0.51-1.08                 0.11 0.69 0.27-1.01                 0.06 
TKIs                                             Osimertinib 0.51 0.29-0.93                 0.03 0.53 0.29-0.97                 0.04 
Concomitant medication             AS 1.12 0.82-1.52                 0.48                             
                                                     CYP3A4 inducer 2.12 1.17-3.85                 0.01 1.62 0.87-3.01                 0.13 
Modified ALBI grade                 Grade 2b/3 1.66 1.19-2.33               <0.01 1.64 1.16-2.30               <0.01 
 
BMI: Body mass index; EGFR: epidermal growth factor receptor; TKI: tyrosine kinase inhibitor; ALBI grade: albumin-bilirubin grade; AS: acid-
suppressing medication; CYP3A4: cytochrome p450 3A4; HR: hazard ratio.



grade 2b/3 group, indicating patients with poor nutritional 
status could be classified as having ALBI grade 2b/3. While 
ALBI grade has been proposed primarily as an assessment 
tool for hepatic function in patients with HCC, our results 
suggest that it could also be used to evaluate liver function 
and nutritional status in patients with NSCLC. 

The ALBI grade was not associated with hepatotoxicity 
due to EGFR-TKIs in the overall patient population or those 
treated with gefitinib or erlotinib. The ALBI Score may 
influence metabolic enzymes, such as CYP3A4, and a 
deterioration in the ALBI score can reduce the clearance of 
medications metabolized by CYP3A4 (28). It has been 
reported that gefitinib and erlotinib are metabolized in 
hepatocytes by CYP3A4, and their reactive metabolites can 
induce hepatotoxicity (29). Although hepatocytes may be 
more vulnerable in patients with deteriorated ALBI scores, 
decreased metabolism in these cells might reduce TKI 
toxicity. Our results suggest that AS medications reduce the 
risk of hepatotoxicity induced by gefitinib or erlotinib. 
Gefitinib and erlotinib have their solubility altered by the 
stomach pH, which affects their bioavailability. Concomitant 
use of proton pump inhibitors or H2 receptor antagonists can 
reduce the area under the curve (AUC) by approximately 
50% in patients receiving gefitinib or erlotinib (30, 31). 
Therefore, reduced exposure to TKIs due to concomitant use 
of AS medications can decrease the risk of hepatotoxicity. 
However, some reports suggest that AS may also be a risk 
factor for hepatotoxicity induced by TKIs (10-12). AS and 
TKIs may interact with the ATP-binding cassette subfamily 
G member 2 (ABCG2), a membrane transporter expressed in 
the liver. ABCG2 negatively regulates uptake into 
hepatocytes (32). Gefitinib may accumulate in hepatocytes 
due to the inhibition of ABCG2 by AS but AS plasma 
concentrations 50-200 times higher than the therapeutic level 
would have a significant effect (33). Furthermore, a meta-
analysis showed no significant association between ABCG2 
polymorphism and hepatotoxicity induced by EGFR-TKIs 
(34). This suggests that the impact of this interaction via 
ABCG2 may have been negligible in this study. 

In this study, the multivariate analysis of TTF for TKIs 
identified ALBI grade 2b/3 and osimertinib treatment as 
independent predictors. Treatment with osimertinib was 
associated with a longer TTF compared to treatment with other 
TKIs, confirming its benefits over other TKIs (5, 7). However, 
our results also indicated that ALBI grade 2b/3 was associated 
with a shorter TTF. This suggests that the ALBI grade can 
predict TTF with its ability to assess liver function and 
nutritional status in patients with NSCLC. An association 
between nutritional status and prognosis in NSCLC has been 
reported (35). Malnutrition affects the immune system, 
inflammation, and cachexia and is a risk factor for mortality, 
treatment resistance, and increased chemotherapy toxicity (36). 
We hypothesize that deterioration to ALBI grade 2b/3 impacts 

the pharmacokinetics, efficacy, and adverse effects of TKIs. 
TKIs exhibit a strong serum protein-binding capacity, and low 
serum Alb levels can lead to higher plasma concentrations of 
TKIs (37, 38). Elevated plasma concentrations may negatively 
impact patient prognosis due to off-target effects (39, 40). Off-
target effects occur when a molecularly targeted drug inhibits 
or activates a molecule other than its intended target (41). 
Consistent with this, low serum Alb levels have been identified 
as a poor prognostic factor for TKI treatment (39, 42-44). 
Additionally, hepatic impairment may elevate TKI exposure by 
reducing clearance due to decreased CYP3A4 activity (28, 45). 
Therefore, deterioration in ALBI grade may lead to off-target 
effects due to increased plasma concentrations of TKIs. 
Additionally, increased exposure to TKIs not only diminishes 
efficacy but also heightens the risk of adverse events (46, 47). 
Therefore, deterioration in ALBI grade results in a shorter TTF 
for TKI treatment due to its effects on both efficacy and safety. 

 
Study limitations. First, it was a retrospective study. Liver 
function can be influenced by various factors; however, data 
on alcohol intake and underlying diseases are lacking. 
Additionally, information on PS and the presence of brain 
metastases, both of which are reported prognostic factors for 
EGFR-TKI efficacy in NSCLC, is missing (48). The results 
may be confounded by unaccounted background factors, as we 
did not evaluate all potential variables that could impact the 
outcomes. A randomized prospective study is required to 
validate our findings. Second, there was sample size bias 
among the TKIs used in this study. Gefitinib was administered 
to more than half of the patients, whereas osimertinib and 
afatinib were used in smaller sample sizes. Consequently, 
these results should be interpreted with caution. Third, we 
were unable to assess the pharmacokinetic effects. To clarify 
our results further, it is necessary to evaluate the association 
between blood levels and the safety and efficacy of the ALBI 
grade classification. Fourth, our results were based on ALBI 
grade classification before treatment initiation. As liver 
function and nutritional status can change over time, an 
analysis that reflects changes in ALBI grade throughout the 
course of treatment is also needed. 

In conclusion, our study indicates that pretreatment ALBI 
grade classification, which assesses liver function and 
nutritional status, may predict the efficacy of EGFR-TKI 
treatment in patients with NSCLC.  
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