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Abstract: Objective: The aims of this study is to evaluate the impact of C-reaction protein (CRP) to albumin ratio
(CAR) on overall survival (OS) in lung cancer. Methods: Overall 210 patients with lung cancer were eligible for retro-
spective analysis between 2008 and 2014. The CAR of 197 patients were calculated. Univariate and multivariate
Cox regression analysis were performed to determine the associations of CAR with OS. Results: Compared with low
CAR (<0.43), high CAR (=0.43) at diagnosis was associated with unfavorable tumor characteristics, including late
tumor stage (IlI+IV in low vs high, 76.9% vs 89.2%, respectively, p=0.029), elevated LDH (p<0.001), PLR (p=0.001),
NLR (p=0.001) and other tumor markers, such as NSE (p<0.001) and CEA (p=0.004). Furthermore, OS was also
worse in high-CAR group at diagnosis (CAR<0.43 vs CAR>0.43, median OS 27 vs 13 months, P<0.001). Inmulti-
variate cox analysis, CAR (adjusted Hazard Ratio (HR): 2.42, 95% confidence interval (Cl): 1.35-3.7, p=0.002) and
CEA at diagnosis (adjusted HR: 1.002, 95% CI: 1.000-1.004, P=0.040) were identified as independent prognostic
factors for poor 0S. Conclusion: CAR is an independent prognostic marker in lung cancer after adjusted by other

confounding factors and the CAR could be a readily available biomarker in clinical setting.
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Introduction

Lung cancer is one of the most common can-
cers in the world and its mortalityranks first
in all cancers [1]. With the development of ear-
lier detection through screening with spiral
computed tomography, the death rate of lung
cancer was reduced 16%-20% in adults with
smoking history [2]. Although the treatments
and detections in lung cancer have made great
progress and the 5 year survival rate has
improved recent years, the ideal method to
evaluate the prognosis of lung cancer remains
unavailable.

Mounting evidence supported that system
inflammation is associated with poor survival
in patients with many cancers by promoting
cancer cell proliferation and survival, angio-
genesis, tumor metastasis [3, 4]. Inflammation-
based prognostic scores, including neutrophil
lymphocyte ratio (NLR), platelet to lymphocyte
ratio (PLR), Glasgow Prognostic Score (GPS)
and modified Glasgow Prognostic Score (MGPS)
have been reported to have prognosis effect

on patients with cancers [5-9]. Recently, CAR
showed its impact on a large variety of tumor
types [10-18]. However, aside from our report,
there was few studies regarding the effect of
the CAR on prognosis in patients with lung can-
cer [19, 20].

Therefore, we investigated whether CAR has a
prognostic value in patients with lung cancer in
this study. We also evaluated the prognostic
value of CAR adjusted by other inflammation
factors and tumor markers.

Methods
Study population

Patients enrolled in this research were hospital-
ized in West China hospital between January
2008 and Dec 2014. Patients which met the
following inclusion criteria were enrolled: 1)
diagnosed lung cancer by biopsy: 2) including
data about complete blood count, blood chem-
istries and other tumor markers. The exclusion
criteria included: 1) current infection: 2) com-
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Table 1. Baseline characteristics of patients

Number of

Variables patients (%)

Age, years (n=210)

<60 73 (34.8)

>60 137 (65.2)
Gender (n=210)

Male 140 (66.7)

Female 70 (33.3)
Smoking status (n=210)

Never smoking 86 (41.0)

Current or ex-smoker 124 (59.0)
Stage (n=200)

I+11 37 (18.5)

H+1v 163 (81.5)
Lymph node metastasis (n=210)

Yes 119 (56.7)

No 91 (43.3)
Histology (n=210)

AC 125 (59.2)

SCC 53(25.1)

SCLC 22 (10.4)

Other 10 (4.8)
Family history of cancer (n=143)

Yes 26 (18.2)

No 117 (81.8)
Survival time (n=197)

Median OS (range) 21.19

SCC: squamous cell carcinoma; AC: adenocarcinoma;
SCLC: small cell lung cancer; OS: overall survival.

bined with other malignant tumor: 3) lacking of
clinical pathological characteristics and related
examinations. Our final study cohort included
210 patients.

Clinical data collections and following up

The clinical data were collected by physicians
from the clinical charts and hospital discharge
records, including age, gender, histological sub-
type, stage, smoking status. Stage and histo-
logical type were determined according to clas-
sification criteria lung tumors of the WHO [21,
22]. The CAR was defined as the value of serum
CRP divided by the value of serum albumin
and the NLR/PLR referred to absolute neutro-
phil count divided by the absolute lymphocyte
count/absolute platelets divided by the abso-
lute lymphocyte count. Values of CAR, NLR, PLR
and other tumor markers were measured as
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the baseline values at diagnosis before treat-
ment. Survival status was determined from the
date of last follow-up in Dec, 2014. The overall
survival time was defined as the time from con-
firmed diagnosis of lung cancer to the date of
death, or to the date of last follow-up for pati-
ents who have not died before the censor date.
All patients were followed up every 3-month by
telephone until people died or lost to follow
up. The contents of follow-up comprised recur-
rence, tumor progression and survival days.

Statistical methods

Student’s t test or one-way ANOVA (Analysis of
Variance) was used for continuous variables
and Fisher’'s exact test or x? test was used
for comparison of categorical data. The ROC
(Receive Operating Characteristic) curve analy-
sis was carried out to assess the cut-off of CAR.
The optimal cuto values were identified as the
values that maximize the You den index (sensi-
tivity + specificity - 1) [23]. Survival curves were
estimated with the Kaplan-Meier method. The
associations of CAR with survival were evaluat-
ed in univariable and multivariable cox regres-
sion models. Variables with a statistically sig-
nificant univariate association were included
in the multivariable model. Analysis was per-
formed in SPSS 21.0 software. And the graphs
were edited by Photoshop.

Result
Population characteristics

Overall 210 patients were eligible for this retro-
spective analysis. The median age of this study
was 61.91 (28-89), most of them were older
than 60 (n=137, 65.2%).

140 of all participations were male (65.2%), 70
were female (34.8%). The majority of patients
were current or ex-smokers (n=124, 59.0%).
According to classification criteria lung tumors
of the WHO, 37 (18.5%) were in early stage (I+l1)
and 163 (81.5%) were in late stage (llI+IV).
Among all patients, 59.2% (n=125) were ade-
nocarcinoma (AC), 25.1% (n=53) were squa-
mous cell carcinoma (SCC), 10.4% (n=22) were
small cell lung cancer (SCLC) and 4.8% (n=10)
were others. The median overall survival time
(0S) for all patients were 21.19 months. Other
clinical characteristics at baseline are summa-
rized in Table 1.
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Table 2. Relationship between clinical characteristics and CAR in lung
cancer using univariate logistic regression

Variables CAR<0.43 CAR>0.43 P-value

Age, years 0.591
<60 41 (36.9) 70 (57.9)
>60 35 (63.1) 51 (42.1)

Gender 0.773
Male 74 (66.7) 59 (68.6)
Female 37 (33.3) 27 (31.4)

Smoking status
Never smoking 48 (43.2) 32(37.2) 0.392
Current or ex-smoker 63 (56.8) 54 (62.8)

Stage 0.029*
[+l 24 (23.1) 9 (10.8)
+1v 80 (76.9) 74 (89.2)

Lymph node metastasis 0.139
Yes 53 (47.7) 32(37.2)
No 58 (52.3) 54 (62.8)

Histology 0.014*
AC 76 (68.5) 42 (48.8)
SCC 19 (17.1) 31 (36.0)
SCLC 6 (5.4) 3(3.5)
Other 10 (9.0) 10 (11.6)

History 0.792
Yes 12 (17.9) 13 (19.7)
No 55 (82.1) 53 (80.3)

199.98 + 80.21 270.71 £ 191.75 <0.001*
NSE at diagnosis, mean + s.d 17.30 +£ 18.29 34.01+42.10 <0.001~*
CEA at diagnosis, mean * s.d 32.78 + 86.57 58.75+135.10 0.004*
CA199 at diagnosis, mean £s.d 53.63 + 132.89 49.50 + 103.30 0.672

CA125 at diagnosis, mean £s.d 115.94 +281.71 170.78 +345.26 0.566

PLR at diagnosis, mean + s.d 136.52 + 69.40 215.39 + 105.73 0.001*
NLR at diagnosis, mean + s.d 3.57 £ 2.46 6.03 £ 4.76 0.001*

LDH at diagnosis, mean + s.d

*: p<0.05 is significant. SCC: squamous cell carcinoma; AC: adenocarcinoma; SCLC: small
cell lung cancer; LDH: lactic dehydrogenase; NSE: neuron-specific enolase; CEA: carcino-
embryonic antigen; CA199: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125;
NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio.

Association of CAR with baseline clinical char-

or characteristics, inclu-
ding late tumor stage
(H+IV in low vs high,
76.9% vs 89.2%, res-
pectively, p=0.029), ele-
vated LDH (p<0.001),
PLR (p=0.001), NLR (p=
0.001) and other tum-
or markers, such as NSE
(p<0.001) and CEA (p=
0.004). In multivariable
logistic regression, CAR
was only significantly re-
lated to stage, histology,
elevated NSE and PLR
(Table 3).

Association of CAR with
prognosis in lung cancer

In total, median OS was
21.19 months among all
patients. The patients
with higher CAR at diag-
nosis have substantially
shorter overall survival
time (0OS) compared with
those with lower ones
(CAR<0.43vs CAR>0.43,
median OS 27 vs 13
months, P<0.001) (Fig-
ure 1). Stratified analy-
sis was conducted acc-
ording to stage. Pati-
ents with higher CAR of
late tumor stage (llI+1V)
showed worse OS com-
pared with those with
lower ones (CAR<0.43
vs CAR>0.43, median
0S 24 vs 9 months, P<
0.001) (Figure 2B). But

acteristics in lung cancer

The cuto value of the CAR was determined to
be 0.43 by ROC analysis. Correlation between
CAR and clinical characteristics were shown in
Tables 2, 3. Then patients were divided into two
groups based on the cutoff value (CAR<0.43,
n=76; CAR>0.43, n=121). Patients with high
CAR were more likely to be classified as squa-
mous cell carcinoma (SCC) and small cell lung
cancer (SCLC). Moreover, higher CAR was also
significantly associated with unfavorable tum-
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there was no significant difference in patients
with early tumor stage. Besides, the results of
univariate and multivariate survival analysis in
relation to OS in lung cancer were shown in
Table 4. Stage, the elevated level of CAR, LDH,
NSE, CEA, PLR and NLR at diagnosiswere inde-
pendent prognostic factors for poor OS in uni-
variate survival analysis. Moreover, CAR was
identified as an significant prognostic factor
for the overall survival (OS) when adjusted by
clinicopathological factors, other inflammation-
based factors and other tumor markers (adjust-
ed Hazard Ratio (HR) 2.42, 95% confidence
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Table 3. Relationship between clinical characteristics and CAR in lung cancer using multivariable

logistic regression

Variables CAR<0.43 CAR>0.43 OR (95% Cl) P-value B
Stage

[+l 24 (23.1) 9 (10.8) 1.0

H+1V 80 (76.9) 74 (89.2) 3.52(1.05-11.78) 0.042* 1.257
Histology

SCC 19 (17.1) 31 (36.0) 1.0

AC 76 (68.5) 42 (48.8) 0.30 (0.12-0.75) 0.011*  -1.212

Other 6 (5.4) 3(3.5) 0.66 (0.10-4.46) 0.669 -0.418

SCLC 10 (9.0) 10 (11.6) 0.18 (0.03-1.08) 0.061 -1.737
LDH at diagnosis, mean £s.d  199.98 + 80.21 270.71+191.75 1.00 (0.99-1.01) 0.509 0.001
NSE at diagnosis, mean * s.d 17.30 + 18.29 34.01+42.10 1.03 (1.00-1.06) 0.030*  0.029
PLR at diagnosis, mean + s.d 136.52 +69.40 215.39 +105.73 1.01(1.01-1.02) <0.001* 0.010
NLR at diagnosis, mean + s.d 3.57 £ 2.46 6.03 +4.76 1.12 (0.96-1.31) 0.160 0.113

*: p<0.05 is significant. SCC: squamous cell carcinoma; AC: adenocarcinoma; SCLC: small cell lung cancer; LDH: lactic dehy-
drogenase; NSE: neuron-specific enolase; CEA: carcino-embryonic antigen; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-

to-lymphocyte ratio.
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Figure 1. Kaplan-Meier curves for overall survivalaccording to CAR at diag-
nosis. OS stratified by CAR at diagnosis (CAR<0.43 vs CAR>0.43, median
0S 27 vs 13 months, P<0.001). Abbreviations: CAR: C-reaction protein to

albumin ratio; OS: overall survival.

interval (Cl) 1.35-3.7, p=0.002). Furthermore,
multivariate Cox analysis identified CEA at di-
agnosis (adjusted HR: 1.002; 95% CI: 1.000-
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1.004, P=0.040) also as an
independent prognostic factor
for OS.

Discussion

In this study, we investigated
utility of CAR as prognostic
factors in lung cancer by re-
trospective analysis of 197
patients with lung cancer. We
found that CAR was signifi-
cantly correlated with stage,
histology, NSE and PLR at
diagnosis. Moreover, CAR was
independently associated wi-
th poor prognosis in lung can-
cer.

It is increasingly recognized
that the host systemic inflam-
matory response plays a criti-
cal role in the development
and progression of many can-
cers [24, 25]. The emerging
studies of several cancer-re-
lated inflammatory prognostic
scores were reported in re-
cent years, such as NLR, PLR,
mGPS and CAR. However, the
mechanism by which these

inflammatory factors may impact prognosis

remains unclear. Also as a biomarker of system
inflammation, C-reaction protein (CRP) is a kind
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Figure 2. Kaplan-Meier curves for overall survival according to CAR and stage.
OS stratified according to the CAR at diagnosis in (A) stage I+Il (CAR<0.43
vs CAR>0.43, 60% vs 65.2% *, P=0.944) (B) stage IlI+IV (CAR<0.43 vs
CAR>0.43, median OS 24 vs 9 months, P<0.001). Abbreviations: CAR: C-
reaction protein to albumin ratio; OS: overall survival; *, Mortality in patients
with early tumor stage was less than 50%, so median survival time could not
be calculated. Five survival rates were compared in two groups.

of acute reactive protein syn-
thesized by liver cells, which is
caused by microbial invasion
or tissue injury [26]. And its
prognostic value in patients
with various types of cancer
was investigated in many res-
earches [27-33]. Albumin can
reflect the nutritional status
of patients with cancers and
malnutrition is correlated with
worse survival. The CAR was
primarily used to predict 90-
day mortality in sepsis by
Ranzani OT et al [34]. Then
its prognostic value was ex-
plored in varies of cancers
[10-16, 18, 20]. More recently,
Kinoshita A et al and Chen
Z et al found that CAR has
better performance than ot-
her inflammation-based fac-
tors [10, 35]. Therefore, CAR
that not only indicate the in-
flammatory status but also
the nutritional status may be a
potential prognostic predictor
for lung cancer and we asse-
ssed this in our study.

As shown in Table 2, we found
that higher CAR was asso-
ciated with different clinical
factors, such as late tumor
stage, elevated tumor mark-
ers and other inflammation-
based markers in lung can-
cer, which was consistent with
previous studies [19, 20]. Af-
ter adjusted, we also found
that patients with an elevated
CAR were more likely to be
SCC with late tumor stage.
Moreover, NSE in patients
with CAR>0.43 was almost 2
times higher than those with
lower CAR in the multivariable
analysis. This may also lead
to poor prognosis in patients
with high CAR.

The previous researches had
demonstrated that CAR was a
prognostic factor in gastroin-
testinal cancer [11-13, 17].
However, the cutoff value and
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Table 4. Univariate and multivariate survival analyses in relation to OS in lung cancer

Univariate Multivariate
Variables % ClI % ClI % CI % CI
MR ower upper "R ower upper PV B

Age, years

<60 1.0 - - - -

>60 1.27 0.88 1.83 0.212 - - - -
Gender

Male 1.0 - - - -

Female 1.05 0.72 1.54 0.784 - - - -
Smoking status

Never smoking 1.0 - - - -

Current or ex-smoker 1.22 0.84 1.76 0.294 - - - -
Stage

[+I1 1.0 1.0

I+1V 258 1.42 4,71 0.002* 150 081 281 0.199 0.408
Lymph node metastasis

Yes 1.0 - - - -

No 1.37  0.95 1.98 0.093 - - - -
Histology

SCC 1.0 - - - -

AC 0.74  0.49 1.12 0.156 - - - -

Other 0.84 0.35 1.99 0.685 - - - -

SCLC 0.77  0.40 1.48 0.432 - - - -
History

Yes 1.0 - - - -

No 0.78 0.44 1.38 0.391 - - - -
CAR

<0.43 1.0 1.0

>0.43 2.00 1.39 2.88 <0.001* 224 135 3.70 0.002* 0.805
LDH at diagnosis, mean + s.d 1.002 1.001 1.003 <0.001* 1.000 0.998 1.001 0.931 <0.001
NSE at diagnosis, mean +* s.d 1.007 1.002 1.012 0.004* 1.004 0.998 1.011 0.202 0.004
CEA at diagnosis, mean * s.d 1.002 1.000 1.003 0.009* 1.002 1.000 1.004 0.040* 0.002
CA199 at diagnosis, mean +s.d 1.001 0.999 1.002 0.288 - - - -
CA125 at diagnosis, mean +s.d 1.000 1.000 1.001 0.119 - - - -
PLR at diagnosis, mean + s.d 1.002 1.001 1.004 0.007* 0.999 0.996 1.001 0.251 -0.001
NLR at diagnosis, mean + s.d 1.08 1.04 1.13 <0.001* 1.05 0.98 111 0159 0.044

*: p<0.05 is significant. OS: overall survival; SCC: squamous cell carcinoma; AC: adenocarcinoma; SCLC: small cell lung cancer;
CAR: C-reaction protein-to-albumin ration; LDH: lactic dehydrogenase; NSE: neuron-specific enolase; CEA: carcino-embryonic
antigen; CA199: carbohydrate antigen 19-9; CA125: carbohydrate antigen 125; NLR: neutrophil-to-lymphocyte ratio; PLR:

platelet-to-lymphocyte ratio.

the prognosis of CAR remain unclear. It was
suggested that optimal cutoff value for prog-
nostic indicator could better choose from other
studies. Here, we analyzed optimal cutoff by
ROC curve, then we performed sensitivity anal-
yses to determine the cutoff value as 0.43. The
cutoff value 0.43 for the CAR were determined
to distinguish between those with a higher risk
of adverse outcome and those with a lower
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risk. Then we analyze the association of CAR
with prognosis according to different cofound-
ing factors based on this value. Our study con-
firms the previous conclusion that CAR is an
independent prognostic factor after adjusted
by other cofounding factors in lung cancer [19,
20]. Although the clinical stage is not the main
factor in multivariable Cox regression model,
the patients with high CAR in late tumor stage
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have shorter survival time than those with low
CAR. It's reasonable that patients with late
tumor stage may bear more tumor burden,
which result in shorter survival time.

Our research was the first to assess the prog-
nostic effect of CAR based on all other sub-
types of lung cancer. Meanwhile, another ad-
vantage of our research is that detailed infor-
mation on tumor characteristic and other tumor
markers were recorded to analyze their impact
on CAR.

As a retrospective study, there are several
limitations inherent to its design, including the
retrospective data collection. Moreover, the
prognostic value of CAR was found in many
type of tumor, which indicated that CAR might
not be a tumor-specific marker. Besides, there
still are several confounding factors which were
not included in this study. Therefore, it rem-
ains to be validated in large-scale prospective
researches.

In conclusion, our results suggested that CAR is
an independent prognostic marker in lung can-
cer. The CAR could be a readily available bio-
marker in clinical setting.
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