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Abstract: Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKI) have demonstrated a dramatic 
response rate and prolonged progression free survival (PFS) in patients harboring an activating EGFR mutation, 
but reliable prognostic markers are lacking. High C-reactive protein to albumin ratio (CAR) is a marker of host 
systemic inflammation and associated with poor outcome in various carcinomas, but has not been analyzed in 
advanced NSCLC patients treated with EGFR-TKI. We retrospectively analyzed 392 advanced NSCLC patients with 
activating EGFR mutations to examine the predictive value of CAR in the era of targeted therapy. The optimal cutoff 
level of CAR was set at 0.146 according to the receive operating characteristic (ROC) analysis. Survival analysis 
was determined using the Kaplan-Meier analysis and prognostic factors were determined using a Cox proportional 
hazards model. We found that high CAR (≥0.146) was associated with poorer PFS and lower objective response 
rate. Subgroup analysis of both gefitinib and erlotinib showed that CAR was significantly associated with PFS. Mul-
tivariate analysis showed that pretreatment CAR was an independent predictive marker for PFS (HR: 1.48, 95% CI: 
0.96-1.33). The findings of the present study demonstrated that advanced NSCLC patients with activating EGFR 
mutations who have pretreatment CAR values higher than 0.146 should be considered to have a high risk of early 
EGFR-TKI treatment failure.
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Introduction

Lung cancer remains the one of the leading 
causes of cancer-related death worldwide [1]. 
In particular, advanced non-small-cell lung can-
cer (NSCLC) continues to be a challenging dis-
ease with poor outcomes [2]. Recently, the 
identification of activating mutations in epider-
mal growth factor receptor (EGFR), mostly seen 
in exon 19 (deletion) or in exon 21 (L858R point 
mutation), together with an increased sensitivi-
ty to EGFR tyrosine kinase inhibitors (TKI), has 
been the first and most important step toward 
molecular-guided precision therapy of lung can-
cer [3]. Multiple randomized controlled trials 
have demonstrated improvement in progres-
sion-free survival (PFS) when comparing EGFR-
TKI against chemotherapy in this genetically 

distinct subset of NSCLC [4-7]. After the start of 
the treatment, the presence in the tumor of a 
mutation of the EGFR gene is a strong predictor 
of response to EGFR TKI therapy [8]. Un- 
fortunately, some patients with activating EGFR 
mutations still respond poorly to EGFR-TKI ther-
apy, and early identification of them is difficult 
because the mechanism of resistance remains 
unclear. The most frequently reported mecha-
nism of acquired resistance is the EGFR T790M 
point mutation within exon 20 [9, 10] and such 
patients are suitable candidates for second or 
third-generation EGFR-TKI [11]. Small cell histo-
logic transformation has also been implicated 
in the development of acquired resistance [12]. 
Once resistance occurs, either conventional 
cytotoxic chemotherapy or other small molecu-
lar inhibitors should be considered [13]. To this 
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end, it is essential to predict the failure before 
treatment and plan for timely alternative 
therapies.

Recently, inflammation-based scoring systems, 
such as Glasgow prognostic score and neutro-
phil to lymphocyte ratio, have been treated as 
useful prognostic predictors for cancer specific 
survival [14, 15]. In addition, C-reactive protein 

We retrospectively analyzed clinical data of 
1345 consecutive patients with cytologically or 
histologically confirmed locally advanced (IIIB) 
or metastatic-stage (IV) disease, who were 
treated with EGFR TKI treatment including gefi-
tinib and erlotinib in West China Hospital, from 
January 2008 to December 2016. Among 
these, 403 subjects were confirmed with acti-
vating EGFR mutations, either an exon 19 mi- 
crodeletion or exon 21 point mutation. Pa- 
tients who had a concomitant infection in- 
cluding human immunodeficiency virus or hep-
atitis, concomitant radiotherapy or simultane-
ously treated with any other agents, such as 
cytotoxic agents or investigational drugs were 
excluded. Finally, after excluding another 11 
patients without pretreatment laboratory re- 
sults, a total of 392 patients were enrolled into 
the study (Figure 1). The study was conducted 
according to the declaration of Helsinki and 
was approved by the Research Ethics Co- 
mmittee of the West China Hospital.

Data extraction

Baseline characteristic of each subject, includ-
ing age, gender, smoking status, tumor pathol-
ogy, treatment history, Eastern Cooperative 
Oncology Group (ECOG) performance scores 

Figure 1. Flow dia-
gram of the phases of 
the study.

Figure 2. Cutoff value of C-reactive protein to albu-
min ratio (CAR) assessed by ROC curve. The sensitiv-
ity and specificity was 56.32 and 65.66, respectively.

to albumin ratio (CAR), is con-
sidered as an indicator of sys-
temic inflammatory response, 
has been reported to predict 
prognosis in gastric cancer 
[16], pancreatic cancer [17], 
colorectal cancer [18], esoph-
ageal cancer [19], and lung 
cancer [20]. Nevertheless, the 
prognostic value of the CAR in 
NSCLC patients with EGFR- 
TKI treatment has not been 
reported. Therefore, this study 
aims to investigate the predic-
tive significance of CAR for 
PFS, so that to develop a strat-
egy for risk stratification of  
initial EGFR-TKI treatment in 
NSCLC patients with EGFR mu- 
tations.

Materials and methods

Patients
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Table 1. Baseline characteristics of the study subjects, divided into 
two groups according to the value of C-reactive protein to albumin 
ratio (CAR)

Clinical Characteristics Total 
(n=392)

CAR<0.146 
(n=209)

CAR≥0.146 
(n=183) P value*

Age 0.037
    <60 175 104 71
    ≥60 227 105 112
Gender 0.156
    Male 155 90 65 
    Female 237 119 118
Smoking 0.001
    Yes 269 160 109
    No 123 49 74
Pathology 0.402
    Adenocarcinoma 258 141 117
    Squamous cell carcinoma 118 62 56
    Others 16 6 10
Pathological TNM stage 0.022
    III 113 71 42
    IV 279 138 141
EGFR MT 0.082
    Exon 19 227 130 97
    Exon 21 165 79 86
TKI type 0.779
    Gefitinib 344 182 162
    Erlotinib 48 27 21
TKI as 0.127
    1st line 231 132 99
    2nd line 147 72 75
    ≥3rd line 14 5 9
ECOG PS 0.004
    0-1 320 182 138
    2-4 72 27 45
CEA (ng/ml) 0.262
    <5 154 88 66
    ≥5 238 121 117
Hemoglobin (g/L) 0.305
    <120 194 109 85
    ≥120 198 100 98
Calcium (mmol/L) 0.148
    <2.5 129 76 53
    ≥2.5 263 133 130
Note: CAR=C-reactive protein to albumin ratio; EGFR MT=epidermal growth factor 
receptor mutation; ECOG PS=The Eastern Cooperative Oncology Group performance 
scores; CEA=carcinoembryonic antigen. *Chi-squared test by 2-sided Pearson exact 
test.

(PS), laboratory results, and imaging data, were 
collected from patients’ medical records. The 

patients. The score closest to the point with 
both maximum sensitivity (56.3%) and specific-

baseline CRP and albumin 
level were measured prior to 
the start of EGFR TKI treat-
ment within 1 week. CAR was 
calculated by dividing the 
serum CRP level by the serum 
albumin level [21]. For analy-
sis of the distribution of CAR 
during the treatment, the 
level of CRP and albumin at 1 
month and 3 months after 
the start of treatment were 
also measured. EGFR muta-
tion analysis was determined 
using direct DNA sequencing 
or quantitative polymerase ch- 
ain reaction (PCR) [22, 23]. 
PFS was defined from the 
time initial chemotherapy st- 
arted to the first progression 
or death from any cause with-
out progression. Patients re- 
ceived dynamic computed to- 
mography (CT) scan every 2 
cycles of chemotherapy or 
every 6 weeks. The response 
of treatment was evaluated 
by a systematical radiologic 
review committee according 
to the Response Evaluation 
Criteria in Solid Tumors (RE- 
CIST 1.1) [24].

Statistical analysis

All data were analyzed using 
SPSS version 22.0 (SPSS 
Inc., Chicago, IL, USA). Desc- 
riptive characteristics of pa- 
tients were recorded, cate-
gorical variables were pre-
sented as numbers and per-
centages, and continuous va- 
riables were allocated in gr- 
oups according to the opti- 
mal cut-off value using re- 
ceiver operating characteris-
tics (ROC) analysis [25]. The 
area under the curve (AUC) 
was 0.617 (95% CI, 0.563-
0.669) for the CAR (Figure 2), 
as for the PFS in the enrolled 
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ity (65.7%) was selected as the cut-off value of 
CAR (0.146). The groups were compared using 
the chi-square analysis. Statistical significance 
of the differences in Kaplan-Meier estimates 
was assessed using the log-rank test. Cox pro-
portional hazards model was used to evaluate 
the effect of all potential prognostic factors on 
the survival measures. A P-value of <0.05 was 
considered statistically significant.

Results

Patient characteristics

The baseline characteristics of the 392 patients 
enrolled in the study are listed in Table 1. All 
patients were divided into groups according to 
the value of pretreatment CAR and 209 patients 
owned lower CAR values (<0.146), while the 
remaining had higher CAR values (≥0.146) in 
our cohort. As shown that, an elevated CAR was 
significantly associated with age (P=0.037) and 
smoking history (P=0.001). In addition, Pati- 
ents with high CAR had advanced TNM stage 
(P=0.022), and higher ECOG PS (P=0.004), as 
compared to those with low CAR values. 
However, there were no significant differences 
between the two CAR groups in terms of sex, 
clinical pathology, EGFR MT, TKI type, the levels 
of CEA, hemoglobin, or calcium. Subsequently, 
the distribution of CAR values during EGFR  
TKI treatment were compared. As illustrated in 
Figure 3, the median CAR value was 0.180 

(range 0.004-7.462) before treatment. The 
median CAR value was 0.260 (range 0.005-
8.262) at 1 month and 0.339 (range 0.026-
8.947) at 3 months, respectively, showing sig-
nificant increasing trend when compared to 
pretreatment values.

Predictive value of CAR for PFS

To reveal the prognostic significance of CAR in 
subjects with the treatment of EGFR TKI, the 
relationship between CAR and PFS is present-
ed as Kaplan-Meier curves in Figure 4. The 
median PFS was 15.45 months (95% CI: 11.62-
17.07) for patients with pretreatment CAR< 
0.146 and 10.38 months (95% CI: 6.18-12.45) 
for CAR≥0.146 (Figure 4A). We also conducted 
analyses using CAR values at 1 or 3 months for 
patients with PFS longer than 1 or 3 months. 
Patients with CAR<0.146 and those with 
CAR≥0.146 had PFS of 14.36 months (95% CI: 
10.39-15.69) and 10.61 months (95% CI: 8.53-
12.04), respectively, when analyzing CAR val-
ues at 1 month after the treatment (Figure 4B). 
while using the CAR values at 3 months for 
analysis, the median PFS was 15.65 months 
(95% CI: 10.97-21.53) and 13.53 months (95% 
CI: 11.50-15.64) for CAR<0.146 group and 
CAR≥0.146 group, respectively. In addition, the 
results of subgroup analyses according to TKI 
type showed that in subjects received gefitinib 
treatment, those who had high CAR had lower 
PFS than patients with low CAR (14.67 vs 13.15 
months, P=0.002; Figure 5A). Similar trend 
was observed in subjects with erlotinib treat-
ment (13.36 vs 7.18 months, P=0.024; Figure 
5B).

In univariate analysis, PFS was found signifi-
cantly associated with variables of age (HR: 
0.99, 95% CI: 0.96-1.00, P<0.001), TNM stage 
(HR:2.16, 95% CI: 0.61-5.58, P<0.001), ECOG 
PS (HR: 2.07, 95% CI: 0.11-0.35, P<0.001), cal-
cium (HR: 0.88, 95% CI: 0.50-0.96, P=0.035), 
CAR at baseline (HR: 1.95, 95% CI: 1.05-2.50, 
P<0.001) and at 1 month (HR: 1.54, 95% CI: 
0.99-1.90, P<0.001). However, CAR at 3 mon- 
ths was not correlated with PFS in patients 
receiving EGFR TKI treatment (P=0.102). After 
adjusting confounders, multivariate analysis 
showed the similar results with those of univari-
ate analysis. CAR at baseline 1.48 (0.96-1.33) 
and 1 months 1.21 (1.03-1.59) were indepen-

Figure 3. Distribution of C-reactive protein to albumin 
ratio (CAR) during the treatment with Tyrosine Kinase 
Inhibitors.
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dent predictive factors 
for PFS (Table 2). Su- 
bgroup analysis was th- 
en performed by divid-
ing the patients into 4 
groups by CAR value at 
baseline and 1 month. 
The results suggested 
that compared to pati- 
ents with CAR<0.146 
both at baseline and  
1 month, patients with 
CAR≥0.146 at baseline 
showed increased HR 
regardless of CAR level 
at 1 month. Similar ph- 
enomenon was obser- 
ved when using CAR 
value at pretreatment 
and 3 months for anal-
ysis (Table 3).

Figure 4. Kaplan-Meier curve of progression free survival: (A) Plotted by binary distribution using cutoff CAR value of 
0.146 at Pretreatment; (B) Plotted by binary distribution using cutoff CAR value of 0.146 at 1 month; (C) Plotted by 
binary distribution using cutoff CAR value of 0.146 at 3 months.

Figure 5. Differences in the prognostic significance of CAR according to TKI type. A. Comparison of PFS on patients 
who received gefitinib treatment with high CAR vs low CAR; B. Comparison of PFS on patients who received erlotinib 
treatment with high CAR vs low CAR.

Table 2. Effects of various variables on progression free survival in uni-
variate and multivariate analyses

Variable
Univariable Multivariable

HR (95% CI) P-value aHR (95% CI) P-value
Age 0.99 (0.96-1.00) <0.001 0.99 (0.97-1.00) <0.001
Gender 1.06 (0.65-4.67) 0.253
Smoking 1.02 (0.74-2.33) 0.350
TNM stage 2.16 (0.61-5.58) <0.001 1.77 (0.80-3.65) <0.001
TKI type 0.84 (0.59-0.98) 0.452
ECOG PS 2.07 (0.11-0.35) <0.001 1.42 (0.75-1.91) <0.001
CEA (ng/ml) 1.18 (0.99-4.58) 0.294
Hemoglobin (g/L) 0.71 (0.19-0.82) 0.412
Calcium (mmol/L) 0.88 (0.50-0.96) 0.035 0.87 (0.52-0.91) 0.039
CAR at baseline 1.95 (1.05-2.50) <0.001 1.48 (0.96-1.33) <0.001
CAR at 1 month 1.54 (0.99-1.90) <0.001 1.21 (1.03-1.59) 0.002
CAR at 3 months 1.13 (0.90-7.86) 0.102
Note: HR=hazard ratio; aHR=adjust hazard ratio; ECOG PS=The Eastern Cooperative Oncol-
ogy Group performance scores; CEA=carcinoembryonic antigen; CAR=C-reactive protein to 
albumin ratio.
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Tumor response according to CAR

The tumor response data were collected among 
176 patients. The percentage of partial re- 
sponse patients were lower in the CAR≥0.146 
group compared with those in the CAR<0.146 
group (52.1% vs 68.3%). The objective response 
rate was 52.1% and 72.0%, respectively in the 
CAR≥0.146 group and CAR<0.146 group (Table 
4). 

Discussion

To the best of our knowledge, this was the first 
study to identify the prognostic value of CAR on 
PFS in advanced NSCLC with activating muta-
tions of the EGFR genes. CAR is a simple index 
that calculated by routine biochemical exami-
nations. High CAR was reported to be correlat-
ed with poor outcomes in patients with acute 
medical admissions and sepsis [26, 27]. The 
presence of systemic inflammation, as indicat-
ed by a high CRP level and a low albumin level, 
has been repeatedly demonstrated to play an 
important role in cancer initiation, progression 

reasonable to conclude that high CAR may 
reflect the immune responses and systemic 
inflammation that could alter the treatment 
response in patients with cancer [29]. Systemic 
inflammation consists of circulating cytokines, 
small inflammatory proteins, circulating immu- 
ne cells, and acute-phase proteins, which pro-
duce the clinical symptoms that frequently 
mark the presence and progression of cancer 
[30]. Both C-reactive protein (CRP) and albumin 
are synthesized in the liver and secreted into 
the circulation. Together with the enzyme lac-
tate dehydrogenase, they are accepted mark-
ers of systemic inflammation [31]. So far, limit-
ed data are available in literatures regarding 
the effects of systemic pretreatment inflamma-
tion on the prognosis of NSCLC patients. 
Studies have suggested that the values of pre-
operative CRP hold important prognostic infor-
mation on short or long-term mortality in oper-
able lung cancer [32, 33]. Similar prognostic 
value of CRP was then observed in advanced 
NSCLC patients receiving palliative chemother-
apy, and provide additional information to 

Table 3. Cox-proportional hazard ratio of progression free survival by chang-
es of C-reactive protein to albumin ratio (CAR)
CAR≥0.146 at baseline CAR≥0.146 at 1 month n (350) HR* (95% CI, P)
- - 296 Control 
+ - 37 1.45 (1.11-2.37, P=0.001)
- + 5 1.14 (0.82-1.89, P=0.245)
+ + 12 1.28 (1.04-2.02, P=0.012)
CAR≥0.146 at baseline CAR≥0.146 at 3 month n (301) HR# (95% CI, P)
- - 232 Control 
+ - 36 1.50 (1.20-3.01, P<0.001)
- + 19 0.94 (0.75-1.67, P=0.172)
+ + 14 1.41 (1.16-2.92, P=0.009)
Note: HR, hazard ratio; ∗HR was calculated by compared to subjects CAR level<0.146 both at 
baseline and 1 month; #HR was calculated by compared to subjects CAR level<0.146 both at 
baseline and 3 months.

Table 4. Tumor responses according to the pretreatment value of C-reactive 
protein to albumin ratio (CAR)

Response Total (n=176) CAR<0.146 
(n=82)

CAR≥0.146 
(n=94) P value

Complete response 3 (1.7%) 3 (3.7%) 0 (0%) 0.016
Partial response 105 (59.7%) 56 (68.3%) 49 (52.1%)
Stable disease 46 (26.1%) 17 (20.7%) 29 (30.9%)
Progressive disease 22 (12.5%) 6 (7.3%) 16 (17.0%)
Objective response rate 108 (61.4%) 59 (72.0%) 49 (52.1%)
Note: Tumor response means Objective response rate included complete response and partial 
response. P value was obtained using Chi-squared test by 2-sided Fisher exact test.

and prognosis [20, 
21, 28]. However, 
the link between 
CAR and PFS in 
NSCLC patients wi- 
th EGFR-TKI treat-
ment is still unde-
fined and its role as 
a predictive marker 
in this area needs 
to be elucidated.

In our single-center 
retrospective study 
of 392 patients wi- 
th activating EGFR 
mutations, advanc- 
ed stage III and IV 
NSCLC who under-
went EGFR-TKI ther-
apy, we evaluated 
whether CAR could 
predict which pati- 
ents would have a 
response to target 
therapy and thus 
longer PFS. We sh- 
owed that high CAR 
is associated initial 
resistance to EGFR-
TKI therapy and it is 
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established prognostic factors such as stage of 
disease and performance status [34-36]. A 
recent study identified its role in patients treat-
ed with erlotinib and found serum high level of 
CRP was independently associated with PFS 
and also with OS [37]. On the other hand, the 
study by Miura et al revealed that low preopera-
tive serum albumin level was useful indicator of 
poor outcome in NSCLC patients with surgical 
resection [38]. Low albumin in cancer patients 
has always considered as a reflection of malnu-
trition, which could impair anatomic barriers, 
immunity, and other defense mechanisms [39]. 
Base on above analysis, we hypothesized that 
CAR, could both reflect body systemic inflam-
mation and immune status, was sufficient to 
predictive outcome of EGFR-TKI therapy in 
advanced NSCLC patients. Up to now, although 
numerous studies have determined the role of 
pretreatment CAR in predicting prognosis in dif-
ferent cancers including NSCLC [40], we firstly 
showed that pretreatment CAR was predictive 
of the duration of response to EGFR TKI. 
Subgroup analysis also validated the predictive 
ability of CAR in NSCLC patients treated with 
gefitinib or erlotinib. This was supported by the 
findings that gefitinib and erlotinib, both as first-
generation EGFR-TKIs, have equivalent thera-
peutic efficacy in NSCLC patients harboring 
EGFR mutation [41]. However, the predictive 
property was gradually decreased when using 
CAR at 1 month after therapy and even disap-
peared when using CAR at 3 months. Above 
results suggested that the mechanism of the 
high CAR during target therapy should be 
affected by various ways, which should be fur-
ther explored.

There were several limitations in this study. 
Firstly, it was a retrospective study from a sin-
gle institution with relative small sample size. 
Although no missing data concerning laborato-
ry results and survival data were observed, the 
selective or information bias of the study can-
not be avoided. Prospective studies with large 
samples are needed to confirm our conclusions 
before its usage in the clinical settings. Mo- 
reover, there was no consistent cutoff value for 
CAR so far, the cut-off value of CAR in this study 
is likely biased due to its calculation by ROC 
analysis. However, the value was similar with 
other published studies [25, 42, 43] and more 
studies were needed to set a uniform cutoff 
value. 

Collectively, our findings demonstrated that 
high pretreatment CAR might be an unfavor-
able prognostic factor for NSCLC patients with 
EGFR mutations and those have high pretreat-
ment CAR (≥0.146) are more likely to have a 
low response rate to EGFR-TKIs.
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