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Background: Resistance inevitably develops in epidermal growth factor receptor (EGFR)-mutated advanced non-small-cell lung
cancer (NSCLC) patients after treatment of EGFR tyrosine kinase inhibitors (EGFR-TKIs). The albumin-to-alkaline phosphatase ratio
(AAPR), a novel index, has been reported to be associated with survival in various cancers. In this study, we explored the prognostic
value of AAPR in EGFR-mutated advanced NSCLC patients treated with first-line EGFR-TKIs.
Methods: The clinical and pretreatment laboratory data were retrospectively extracted from hospital medical system. The Log-rank
and Kaplan–Meier analyses were adopted to detect differences in survival between groups. Univariate and multivariate Cox’s
proportional hazard regression models were applied to assess the prognostic value of AAPR for progression-free survival (PFS) and
overall survival (OS).
Results: Totally, 598 EGFR-mutated NSCLC patients with stage IIIB-IV were enrolled into this study. The median age of all patients
was 60 years, and 56.9% were women. About 97% patients had common EGFR gene mutations of deletions in exon 19 (19 del) or
a point mutation in exon 21 (L858R). Using receiver operating characteristic (ROC) curve analysis and the Youden index, the optimal
cut-off value of pretreatment AAPR was 0.47. Patients with high AAPR achieved longer median PFS and OS than patients with low
AAPR (14.0 months vs 10.4 months, P<0.01; 58.2 months vs 36.7 months, P<0.001, respectively). The multivariate analysis by Cox’s
proportional hazards regression model demonstrated that AAPR was an independent prognostic factor for both PFS (HR: 0.813, 95%
CI: 0.673–0.984, P=0.033) and OS (HR: 0.629, 95% CI: 0.476–0.830, P=0.001).
Conclusion: Pretreatment AAPR, measured as part of routine blood biochemical test, may be a reliable prognostic indicator in
EGFR-mutated advanced NSCLC patients treated with first-line first-generation EGFR-TKIs.
Keywords: AAPR, NSCLC, EGFR-TKI, prognosis

Introduction
Lung cancer is the leading cause of cancer-related deaths all over the world, with a five-year survival rate of
approximately 20%.1–3 Non-small-cell lung cancer (NSCLC) accounts for 83% of all primary lung cancer, and the
majority are diagnosed with stage III or IV due to lack of typical symptoms in early disease.4 Approximately 50% of
Asian NSCLC patients could have an actionable targeted driver gene mutation.5 The application of molecular targeted
therapy has improved survival in patients with NSCLC, especially advanced patients with epidermal growth factor
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receptor (EGFR) sensitizing mutation treated with EGFR tyrosine kinase inhibitors (EGFR-TKIs).6 However, resistance
eventually develops after treatment and the period of progression varies from patients to patients.7–10 Therefore, it is
important for clinicians to identify patients with high risk of progression and death.

Albumin (ALB), synthesized by hepatocytes and commonly found in serum, is considered as an index reflecting
nutritional and inflammatory conditions. Under inflammatory conditions, the production of ALB is suppressed by the
activation of inflammatory cytokines, such as IL-1 and TNF-α.11 Low serum albumin levels have been shown to correlate
with poor survival in various cancers.12–14 Alkaline phosphatase (ALP), a group of isoenzymes, is widely distributed in
human liver, bone, kidney and other tissues. The main function of ALP is catalyzing the removal of the phosphate groups
from nucleic acid molecules. Several studies have reported that elevated serum ALP was related to poor prognosis in
pancreatic cancer,15 prostate cancer16 and spinal metastatic disease.17

Recently, some researchers have combined two hematological indicators into one for better reflection of systemic
inflammation and metabolism status. AAPR, the albumin-to-alkaline phosphatase ratio and an easily acquisitive marker,
has been revealed to be a favorable prognostic indicator in hepatocellular carcinoma,18 breast cancer19 and nasophar-
yngeal carcinoma.20 A few studies focus on the clinical significance of AAPR in NSCLC patients. Our previous study
has found that AAPR may serve as a prognostic factor for OS in metastatic NSCLC. However, the association between
AAPR and EGFR mutations was not analyzed in this study.21 Thus, in the present study, we mainly explore the
possibility of AAPR as a prognostic indicator for progression-free survival (PFS) and overall survival (OS) in EGFR-
mutated advanced NSCLC patients treated with first-line first-generation EGFR-TKIs.

Materials and Methods
Study Population
In this retrospective cohort study, we reviewed medical records of patients initially diagnosed NSCLC with TNM stage
IIIB to IV between 2008 and 2018 in West China Hospital of Sichuan University. Patients who met the following criteria
were subsequently enrolled in this study: 1) pathologically confirmed NSCLC; 2) with EGFR sensitizing mutation
(common mutations: in-frame deletions in exon 19 (19 del) and Leu858Arg (L858R), uncommon mutations: G719X,
L861Q and S768I); 3) receiving first-line first-generation EGFR-TKI targeted therapy; 4) serum ALB and ALP were
measured before treatment; and 5) follow-up data were available. All patients were restaged according to the eighth
edition of the TNM classification. Patients with a history of other primary cancers, active infection and known liver or
renal or bone diseases were excluded because these conditions might affect the values of data. Our study was approved
by West China Hospital Research Ethics Committee and abided by the Declaration of Helsinki and other ethical
guidelines at present. Informed consent from patients was waived because of the retrospective nature of the study. All
related data were analyzed anonymously and treated with confidentiality.

Follow Up and Data Collection
The exact date of progression was assessed according to the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1. PFS was assessed through medical records, and OS was acquired through telephone follow-up or checking
medical records. PFS was calculated from the date of initial treatment of TKI to the date of disease progression or last
follow-up. Time from the date of initial treatment of TKI to the date of death from any cause or last follow-up was
defined as OS. The last follow-up was in January 2021.

Baseline clinical pathological parameters, including age, gender, smoking status, family history of malignancy,
histology, distant metastases, EGFR mutation status, tumor TNM stage and medications were collected from the hospital
medical system. Furthermore, pretreatment laboratory indices covering ALB and ALP were retrieved from the hospital
database. AAPR was calculated as the ratio of the serum ALB to the serum ALP.

Statistical Analysis
By setting OS as the state variable, receiver operating characteristic (ROC) curve analysis and the Youden index were
used to determine the optimal cut-off value for AAPR. The cut was done by pROC package in R software. All patients
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were divided into two groups according to the cut-off value of AAPR. Continuous variables were presented as medians
and ranges. Comparison of variables between divided groups was performed using Chi-square tests for dichotomous
variables and Mann-Whitney U-test for continuous variables. The Kaplan–Meier method and Log rank test were also
used to analyze prognosis based on PFS and OS for different groups. Subsequently, univariate and multivariate Cox
proportional hazard regression models were performed to adjust potential confounding factors. Candidate variables with
a P<0.1 in univariate analysis were included in the multivariate model. All statistical analyses were performed in
R software (version 3.6.3). A two-sided P<0.05 was considered statistically significant.

Results
Clinicopathological Characteristics of Patients
We screened 1757 patients treated with EGFR-TKIs inWest China hospital during the study period. After excluding 438 patients
without PFS data, 52 patients with TNM stage I–IIIA, 368 patients without available serumALB andALP data, 233 patients who
received non-first-line EGFR-TKIs and 68 patients without EGFR-sensitizing mutation, a total of 598 EGFR-mutated advanced
NSCLC patients who received first-line first-generation EGFR-TKIs were included in this study (Figure 1). The clinicopatho-
logical characteristics are summarized in Table 1. Among these patients, 340 (56.9%) were females and 151 (26.7%) had
a current/past history of smoking. The median age of all NSCLC patients was 60 years (range: 22–95 years) and 283 (47.3%)
were aged older than 60 years. Of the 598 cases, 77 (13.6%) had a family history of malignancy and 348 (58.4%) had a tumor in
the right lung. According to the histology, most of the patients (580; 97.0%) had an adenocarcinoma, while 18 (3.0%) patients
had other types. Based on the eighth edition of the TNM classification system, 570 (95.3%) patients were stage IV. At the initial
diagnosis, 472 out of 598 patients (78.9%) had developed two or fewermetastasis sites, 263 (44.0%) patients had bonemetastasis
and 59 (9.8%) patients had liver metastasis. In addition, most of the patients (97.0%) had common EGFRmutations of 19 del or
L858R, while others had uncommon EGFR mutations of G719X, L861Q or S768I. All patients were given first-line first-
generation EGFR-TKIs (73.1% gefitinib and 26.9% Icotinib).

Figure 1 Flowchart of patient selection.
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Table 1 Baseline Clinicopathological Characteristics of 598 Advanced NSCLC Patients According to Pretreatment AAPR Level

Characteristics Total, n (%) AAPR≤0.47, n (%) AAPR>0.47, n (%) P-value

Number of patients 598 327 (54.7) 271 (45.3)

Age (years) 0.340

≤60 315 (52.7) 166 (50.8) 149 (55.0)
>60 283 (47.3) 161 (49.2) 122 (45.0)

Sex 0.251

Male 258 (43.1) 148 (45.3) 110 (40.6)

Female 340 (56.9) 179 (54.7) 161 (59.4)

Smoking Status 0.056

Current/past 151 (26.7) 93 (29.9) 58 (22.7)
Never 415 (73.3) 218 (70.1) 197 (77.3)

Family history of malignancy 0.865
Yes 77 (13.6) 43 (13.8) 34 (13.3)

No 489 (86.4) 268 (86.2) 221 (86.7)

Tumor location 0.542

Left 248 (41.6) 132 (40.5) 116 (43.0)

Right 348 (58.4) 194 (59.5) 154 (57.0)

Histology 0.940

ADC 580 (97.0) 317 (96.9) 263 (97.0)
Non-ADC 18 (3.0) 10 (3.1) 8 (3.0)

TNM stage 0.198
III 28 (4.7) 12 (3.7) 16 (5.9)

IV 570 (95.3) 315 (96.3) 255 (94.1)

EGFR mutation 0.940

Common 580 (97.0) 317 (96.9) 263 (97.0)

Uncommon 18 (3.0) 10 (3.1) 8 (3.0)

EGFR-TKI 0.848

Gefitinib 437 (73.1) 240 (73.4) 197 (72.7)
Icotinib 161 (26.9) 87 (26.6) 74 (27.3)

Number of metastasis sites 0.000*
≤2 472 (78.9) 235 (71.9) 237 (87.5)

>2 126 (21.1) 92 (28.1) 34 (12.5)

Bone metastasis 0.000*

Yes 263 (44.0) 186 (56.9) 77 (28.4)

No 335 (56.0) 141 (43.1) 194 (71.6)

Liver metastasis 0.000*

Yes 59 (9.8) 47 (14.4) 12 (4.4)
No 539 (90.2) 280 (85.6) 259 (95.6)

Brain metastasis 0.190

Yes 143 (23.9) 85 (26.0) 58 (21.4)

No 455 (76.1) 242 (74.0) 213 (78.6)

Albumin (g/L), median (range) 40.8 (25.0–52.1) 39.7 (25.0–51.8) 42.1 (29.7–52.1) 0.000*

ALP (U/L), median (range) 90.0 (23.0–851.0) 116.0 (64.0–851.0) 72.0 (23.0–103.0) 0.000*

Note: *P<0.05.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ADC, adenocarcinoma; ALP, alkaline phosphatase; EGFR, epidermal growth factor receptor; NSCLC, non-
small-cell lung cancer; TKI, tyrosine kinase inhibitor.
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Correlation Analysis Between Pretreatment AAPR and Clinicopathological
Characteristics or Laboratory Parameters
According to the analysis, an AAPR value of 0.47 corresponded to the maximum Youden index value. Thus, we identified
that 0.47 was the optimal cut-off value for the pretreatment AAPR. A total of 271 (45.3%) patients with AAPR>0.47 were
categorized into the high AAPR group and the other 327 (54.7%) patients with AAPR≤0.47 were defined as low AAPR
group. The area under the curve (AUC) for the pretreatment AAPR was 0.603 (P<0.001) (Figure 2).

The relationships between clinicopathological characteristics and pretreatment AAPR are shown in Table 1.
Significant differences between the low and high AAPR groups were identified in the number of metastasis sites, liver
and bone metastasis status (all P<0.001). However, no significant differences were found in age, gender, smoking status,
tumor location, tumor histology type, TNM stage, EGFR mutation status and brain metastasis status between the two
groups (all P>0.05). Further analysis revealed that patients with higher AAPR had higher ALB concentration and lower
ALP concentration than those with lower AAPR (42.1 vs 39.7 g/L, P<0.001; 72.0 vs 116.0 U/L, P<0.001, respectively).

Kaplan–Meier Survival Analysis of AAPR for PFS and OS
The median OS and PFS of all patients were 44.8 months (range: 1.4–108.6 months) and 12.0 months (range: 0.4–65.7
months), respectively. 523 patients developed disease progression and 237 patients died during the follow-up period. As for
the analysis of AAPR, patients in the high AAPR group had a longer median PFS and OS than patients in the low APPR
group (14.0 months vs 10.4 months, P<0.01; 58.2 months vs 36.7 months, P<0.001, respectively) (Figure 3A and B). Then,
we conducted stratified analyses. In patients without smoking history, those with high AAPR had a favorable PFS and OS
than those with low AAPR (P<0.05 for PFS and P<0.001 for OS, respectively) (Figure 3C and D), but no significant
difference was found in smokers (all P>0.05). Similar trends were also observed in patients with adenocarcinomas (P<0.01
and P<0.001, respectively) (Figure 3E and F).

Furthermore, when the analyses were stratified by the number of metastasis sites and liver/bone metastasis status, our
results demonstrated that prognosis was better in the high AAPR group than in the low AAPR group in patients with two
or fewer metastasis sites and those with liver/bone metastasis (all P<0.05) (Figure S1A, B, E and F). In the subgroup of
patients with more than two metastasis sites, those with higher AAPR had a longer OS than those with lower APPR

Figure 2 ROC analysis of the pretreatment AAPR by setting overall survival as the endpoint. AUC = 0.603, 95% CI = 0.557–0.65.
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(P<0.01), but not PFS (P>0.05) (Figure S1C and S1D). No significant differences were found in patients without liver/
bone metastasis divided by AAPR level (P>0.05) (Figure S1G and S1H).

Univariate and Multivariate Analyses for PFS and OS
As shown in Table 2, the univariate Cox proportional hazards model showed that APPR level, liver metastasis and the
number of metastasis sites at initial diagnosis were found to be significantly correlated with both PFS and OS (P=0.002,

Figure 3 Kaplan–Meier curves of progression-free survival (PFS) and overall survival (OS) according to AAPR level. (A and B) PFS and OS in all patients, (C and D) PFS and
OS in nonsmokers, (E and F) PFS and OS in adenocarcinoma.
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P=0.047 and P<0.001 for PFS, respectively; P<0.001, P=0.006 and P=0.004 for OS, respectively). Furthermore,
significant correlations were found between age, smoking status, tumor histology type and PFS (P=0.005, P=0.026
and P<0.001, respectively), but not with OS (all P>0.05). However, bone metastasis was only associated with a risk of
death, with a HR of 1.354 (95% CI=1.049–1.749). There was no significant correlation between different EGFR-TKIs
and survival (all P>0.05).

Then, multivariate analysis of Cox proportional hazards model was conducted to assess independent prognostic factors
(Table 3). The result demonstrated that AAPR was an independent prognostic factor for both PFS (HR: 0.813, 95% CI:
0.673–0.984, P=0.033) and OS (HR: 0.629, 95% CI: 0.476–0.830, P=0.001). The number of metastatic sites was signifi-
cantly correlated with PFS (HR=1.409, 95% CI=1.106–1.795, P=0.005) but not with OS (P>0.05) in multivariate analysis
(Table 3). Furthermore, we also noted that patients more than 60 years old at initial treatment and patients with adenocarci-
nomas seemed to be favorable prognostic factors for PFS (HR=0.821, 95% CI: 0.686–0.983, P=0.032; HR=0.283, 95% CI:
0.174–0.462, P<0.001, respectively). Kaplan–Meier survival curves for subgroup analysis are shown in Figure 4.

Table 2 Univariate Cox Regression Analysis of PFS and OS for All NSCLC Patients

Variables PFS P-value OS P-value

HR (95% CI) HR (95% CI)

Age (>60/≤60) 0.779 (0.655–0.926) 0.005* 1.142 (0.884–1.474) 0.309

Sex (female/male) 0.938 (0.789–1.116) 0.471 0.976 (0.755–1.262) 0.852
Smoking status (current or past/never) 1.253 (1.027–1.528) 0.026* 1.164 (0.870–1.556) 0.306

Family history of malignancy (yes/no) 0.960 (0.742–1.242) 0.756 0.782 (0.530–1.154) 0.216

Tumor location (left/right) 1.043 (0.876–1.242) 0.638 0.993 (0.766–1.289) 0.960
TNM stage (IV/III) 1.359 (0.885–2.087) 0.161 1.134 (0.619–2.082) 0.682

Number of metastasis sites (>2/≤2) 1.564 (1.273–1.920) 0.000* 1.534 (1.142–2.060) 0.004*

Liver metastasis (yes/no) 1.339 (1.004–1.784) 0.047* 1.702 (1.167–2.484) 0.006*
Bone metastasis (yes/no) 1.180 (0.992–1.402) 0.061 1.354 (1.049–1.749) 0.020*

Histology (ADC/non-ADC) 0.254 (0.157–0.410) 0.000* 0.617 (0.327–1.164) 0.136

EGFR mutation (common/uncommon) 1.427 (0.852–2.391) 0.177 1.330 (0.627–2.823) 0.457
AAPR (>0.47/≤0.47) 0.756 (0.636–0.898) 0.002* 0.566 (0.433–0.738) 0.000*

EGFR TKI (gefitinib/icotinib) 0.970 (0.800–1.176) 0.76 0.955 (0.715–1.276) 0.75

Note: *P<0.05.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ADC, adenocarcinoma; CI: confidence interval; EGFR, epidermal growth factor receptor; HR: hazard ratio;
NSCLC, non-small-cell lung cancer; OS, overall survival; PFS, progression-free survival.

Table 3 Multivariate Cox Regression Analysis of PFS and OS for All NSCLC Patients

Variables PFS P-value OS P-value

HR (95% CI) HR (95% CI)

Age (>60/≤60) 0.821 (0.686–0.983) 0.032* - -
Smoking status (current or past/never) 1.222 (0.999–1.495) 0.051 - -

Histology (ADC/non-ADC) 0.283 (0.174–0.462) 0.000* - -

Liver metastasis (yes/no) 1.233 (0.900–1.691) 0.193 1.411 (0.939–2.121) 0.098
Bone metastasis (yes/no) 0.955 (0.783–1.166) 0.653 1.084 (0.817–1.439) 0.576

Number of metastasis sites (>2/≤2) 1.409 (1.106–1.795) 0.005* 1.277 (0.911–1.791) 0.156

AAPR (>0.47/≤0.47) 0.813 (0.673–0.984) 0.033* 0.629 (0.476–0.830) 0.001*

Note: *P<0.05.
Abbreviations: AAPR, albumin-to-alkaline phosphatase ratio; ADC, adenocarcinoma; CI: confidence interval; HR: hazard ratio; NSCLC, non-small-cell lung cancer; OS,
overall survival; PFS, progression-free survival.
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Discussion
EGFR mutation is the most common type of gene mutations in Asians with lung cancer.22 First-generation EGFR-TKIs,
including gefitinib, icotinib and erlotinib, are still the dominant medications among Chinese patients due to its lower cost.
However, many patients inevitably develop resistance, with average PFS ranging from 9 to 15 months.23 In this study, we
explored the potential prognostic value of AAPR, a novel and easily acquisitive index, in 598 EGFR-mutated advanced

Figure 4 Kaplan–Meier curves of progression-free survival (PFS) and overall survival (OS) according to different subgroups. (A and B) PFS and OS according to age, (C and
D) PFS and OS according to tumor histology type, (E and F) PFS and OS according to the number of metastasis sites.
Abbreviation: ADC, adenocarcinoma.
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NSCLC patients treated with first-line first-generation EGFR-TKIs for the first time. Our results demonstrated that AAPR
was an independent prognostic factor for PFS and OS, especially in nonsmokers and adenocarcinoma patients.

ALB level reflects liver function, nutritional status and human defense capabilities. A decrease in ALB concentration
is a sign of malnutrition and weakened immunity. In addition, the alteration in protein binding has a relevant impact on
drug half-life. Therefore, hypoalbuminemia may lead to a poor response to anti-tumor therapeutics.24 ALP is a hydrolase
enzyme which widely exists in the liver, kidneys and bones. Serum ALP is often used as a biomarker for liver and bone
health. Additionally, ALP has been reported to play an important role in protection against inflammation and immune
response.25 Many studies have found that decreased ALB and elevated ALP are associated with poor survival in lung
cancer patients.26,27 AAPR, the ratio of ALB to ALP, has more powerful prognostic value than ALB or ALP alone. Chan
et al firstly described its use in hepatocellular carcinoma and found that decreased AAPR was associated with poor
overall and disease-free survival regardless of treatment options.18 Hereafter, this index has been validated in various
cancers.15–17 Consistently, our data showed that low AAPR correlated with poor PFS and OS. In the stratification
analysis of liver/bone metastasis status, there was a tendency that patients with low AAPR had a poor survival. Low
AAPR usually means lower ALB level or higher ALP level, which may be related to liver or bone metastasis, decreased
nutritional status and poor liver function and may result in shorter exposure to EGFR-TKIs. To some extent, AAPR may
reflect the body condition of patients. Performance score is often used to assess treatment response and tolerance to
chemotherapy. Zhou et al found that AAPR<0.35 is associated with 55% higher risk of death after adjusting for
performance score,28 which indicated that AAPR might be an independent prognostic factor for OS in lung cancer
patients. In our study, performance score was not included into Cox regression model due to missing data. Further studies
including potential confounding factors, such as ECOG-PS, are needed to validate our results.

The most common mechanism of acquired resistance to EGFR-TKIs is the development of EGFR T790M mutation.
Other mechanisms include activation of alternative pathways and transformation of histology and phenotype.
Osimertinib, the first third-generation EGFR-TKI, is used for both EGFR sensitizing and T790M resistance mutation.
Other second line therapies after drug resistance include platinum-containing chemotherapy and targeted therapies for
MET or HER2 amplification or BRAF mutation.29 Osimertinib had greater efficacy than platinum-containing chemother-
apy in patients with T790M mutation (median PFS: 10.1 vs 4.4 months, P<0.001).30 PFS mainly depend on the time
when tumor develops the corresponding mechanisms of acquired resistance. OS is not only affected by the drug
resistance, but also by many other factors, such as nutritional status, performance score and posterior line therapy. In
our study, we found that the difference in median OS between groups was more significant than that in PFS (58.2 months
vs 36.7 months, P<0.001; 14.0 months vs 10.4 months, P<0.01; respectively). AAPR is associated with liver or bone
metastasis, nutritional status and liver function, so it is more likely correlated with OS. We also revealed that icotinib had
comparable efficacy with gefitinib, which was consistent with the ICOGEN trial. In our study, posterior treatment was
not included into survival analysis due to missing data.

In the past two years, some researchers investigated the prognostic value of AAPR in lung cancer,21,28,31–36 the
detailed information of these studies is summarized in Table 4. Different cut-offs were used among these researches for
different cancer types. Li et al explored the prognostic impact of AAPR in metastatic NSCLC patients for the first time
and found that elevated AAPR was an independent prognostic indicator for favorable OS.21 Furthermore, this novel
index was applied to the prognosis of limited or extensive stage small-cell lung cancer (SCLC) patients.28,33,34 In our
study, we also revealed that pretreatment AAPR could be served as a favorable prognostic indicator for both PFS and OS.
However, we did not analyze the monitoring role of dynamic changes in AAPR on tumor progression. Further researches
are needed to detect the optimal cut-off points of AAPR in specific cancer types and to explore the monitoring role of
dynamic changes of AAPR on tumor progression during medication.

Recently, Zhou et al analyzed 808 advanced NSCLC patients and found that medium and high AAPRwere associated with
a decreased risk of death.35 In Liu’s study, AAPR was found to be a biomarker for prognosis and treatment choice in driver
mutation-negative advanced NSCLC.36 We also confirmed that low AAPR correlated with shorter PFS and OS in EGFR-
mutated advanced NSCLC patients in multivariate analysis, which is consistent with other reports about AAPR in advanced
NSCLC.21,35 Further stratified analysis of smoking status and tumor histology type demonstrated that the prognostic impact of
AAPR on PFS and OS was strong in non-smokers and patients with adenocarcinomas, while this trend was not apparent in
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smokers and patients with non-adenocarcinomas. The phenomenon should be further validated because EGFR mutations
mainly present in adenocarcinoma and non-smokers37 and the number of smokers and non-adenocarcinomas was small after
stratification in our study. Moreover, in multivariate analysis, we found that having more than two metastasis sites was
significantly correlated with poor PFS and OS, while old age at initial treatment and adenocarcinomawere also related to more
favorable PFS.

There were several limitations in our study. First, this retrospective study collected the data from a single center,
which may cause selection bias. A prospective study including more patients from multicenter is needed to validate our
findings. Second, the high censoring rate at the end of the follow-up may influence the accurate estimation of OS. Third,
patients with undetected liver, renal or bone disease may be enrolled into our study. Moreover, confounding factors, such
as tumor size, performance status and posterior line therapy, that may also influence OS, were not included into
conjunction analysis due to unavailable or missing data. Finally, ROC curve analysis was performed to get the optimal
cut-off value of AAPR in our study. Whether our cut-off value can be used in other cohorts needs further validation.

Conclusions
Pretreatment AAPR, a quick and low-cost index, may be a favorable prognostic factor for both PFS and OS in EGFR-
mutated advanced NSCLC treated with first-line EGFR-TKIs. Future studies are warranted to unravel its underlying role
in survival prediction and to overcome the limitations of our study.
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Table 4 Basic Information About Published Articles of AAPR and Lung Cancer

Author Publication
Year

Country Treatment TNM
Stage

Sample
Size

Histologic
Type

Cut-Offs of
AAPR

Outcome

Li D21 2019 China Palliative therapy IV 290 NSCLC 0.36 OS

Zhang L31 2019 China Surgery I–III 496 NSCLC 0.64 OS, DFS

Li S32 2019 China Surgery I–IIIA 390 NSCLC 0.57 OS, DFS
Li X33 2019 China Chemotherapy and

Radiotherapy

LS 122 SCLC 0.61 OS, PFS

Zhou S28 2020 China Non-surgery ES 224 SCLC 0.35 OS
Li B34 2020 China Chemotherapy ES 300 SCLC 0.52 OS, PFS

Zhou S35 2020 China Palliative therapy IIIB-IV 808 NSCLC 0.6 OS
Liu X36 2021 China Chemotherapy IIIB-IV 167 NSCLC 0.24 OS, PFS

Abbreviations: ES, extensive stage; LS, limited stage; NSCLC, non-small-cell lung cancer; OS, overall survival; PFS, progression-free survival; SCLC, small-cell lung cancer.
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