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Objective: This meta-analysis evaluates the prognosis value of C-reactive protein to albumin ratio (CAR) in colorectal cancer.

Methods: Embase, PubMed, and Web of Science were searched. Pooled hazard ratios (HRs) with their corresponding 95%

confidence intervals (Cls) were used as effective values.

Results: A total of 6 studies with 1942 patients were included in this study. Pooled results revealed that elevated pretreatment CAR
was related with poorer overall survival (OS) (HR: 2.09, 95%Cl: 1.78-2.45, P<.001) in colorectal cancer.

Conclusion: Elevated CAR was associated with poor prognosis in colorectal cancer. Thus CAR might be used as a prognostic
system and classification of colorectal patients in clinical potential.

Abbreviations: 95% Cl| = 95% confidence interval, HR = hazard ratio.
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1. Introduction

Colorectal cancer (CRC) is one of the most common types of
cancer worldwide.'! In 2016, an estimated 95,270 new cases of
colon cancer and approximately 39,220 cases of rectal cancer will
occur in the US.? A retrospective cohort study of the SEER CRC
registry found that patients with CRC younger than 50 years has
been ascending gradually.®! Therefore, the identification of
simple and objective prognostic factors is critical for management
and surveillance of CRC patients.

Many factors have been proved, such as inflammation, wound
repair, systemic inflammatory response syndrome (SIRS), and
cancer have close correlation.'*! Inflammation can induce
expression of cytokines, such as tumor necrosis factor-a (TNF-a)
and multifunctional cytokine interleukin 6 (IL-6) et al, which
contribute to cancer cells growth, invasion and metastasis with
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inhibiting the apoptosis and promoting the DNA damage.[*™!

Therefore, systemic inflammatory markers, such as neutrophil-
lymphocyte ratio (NLR) and platelet-lymphocyte ratio (PLR)
et al, have been widely applied as prognostic factors in the field of
clinical oncology. Pro-inflammatory cytokines induce expression
of variety circulating acute phase proteins, such as albumin and
C-reactive protein (CRP), in which C-reactive protein to albumin
ratio (CAR) has been validated recently to stratify the outcome of
pan-cancer patients.!'%~12]

Relationship between CAR and human various cancers, such
as lung cancer, hepatocellular carcinoma, esophageal cancer et al,
has been reported by many groups, but there is not any
comprehensive and quantitative evaluation on its prognostic role
in CRC. Therefore, we conducted this meta-analysis to assess the
prognostic value of pretreatment CAR based on some available
CRC related studies.

2. Materials and methods

This meta-analysis was conducted following Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) criteria.''3! This study does not need ethical
approval because it does not include data linked to individual
patient information.

2.1. Literature search and study selection

Two investigators independently performed a comprehensive
search of eligible studies in Embase, PubMed, and Web of
Science to appraise the prognostic value of CAR in CRC. The
search strategy which updated to June 2017 included the
following search terms: (“C-reactive protein/Albumin ratio”
OR “C-reactive protein to Albumin ratio” OR “CRP/Alb
ratio”) and (“colorectal neoplasm” OR “colorectal tumor” OR
“colorectal carcinoma” OR “colorectal neoplasms” OR
“colorectal cancer”). The reference list was also checked for
relevant articles.
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Records identified through Pubmed and
Embase datasets searching
(n=123)

Additional records identified through Web
of Science
(n=157)

Records after duplicates removed

(n=40)

Records pulled following titles/abstracts
screened
(n=240)

Records excluded,with reasons:
1.Non-colorectal cancer:(n=74)

2.No relevant to prognosis of colorectal
cancer:(n=32)

Full-text articles assessed for eligibility
(n=14)

3.Abstract,letter,reviews and system
review:(n=2)

4.0ther topics {eg:relapsed colorectal
cancer}:(n=118)

Full-text articles excluded,with reasons:

Studied included in quantitative synthesis
(meta-analysis)
(n=6)

1.No HRs and 95% CI or P values for OS
were provided:(n=2)
2.Reported the CAR-specific data,but fail
to focus on OS:(n=6)

Figure 1. The flow diagram of searching literature for this meta-analysis.

2.2. Inclusion and exclusion criteria

Studies were included in this meta analysis with the following

criteria:

1. patients with CRC were pathological examination confirmed;
2. the pretreatment CAR was measured by serum based methods;
3. correlation of CAR with overall survival (OS) was reported;
4. hazard ratio (HR) for overall survival (OS) was evaluated with

multivariate analysis;

5. a distinct cutoff value of CAR was given;
6. publications were written in English.

Exclusion studies were as the following criteria:

1. letters, reviews, nonclinical studies, or case reports;

2. non-CRC;

3. insufficient data for extracting hazard ratio (HR) and 95%

confidence internal (CI);
4. studies had repeat analysis or duplicate data.

Characteristics of the included studies.

Sample Study Cut-off Cut-off Survival Follow-up Age NOS
Author Year Country Ethnicity size type value selection analysis Treatment (median months) Stage (median years) score
Masatsune® 2016 Japan  Asian 99 R 0.183 ROC 0S  chemotherapy 20.8 \Y 63 7
Mitsuru®® 2015 Japan  Asian 627 R 0.038 ROC 0S surgery 457 -V 67.5 6
Leonardo® 2016 British ~ Gaucasian 194 R 0133 Cutoff Finder ~ 0S surgery NR (=0 66 7
Koichiro®! 2017 Japan  Asian 106 R 0.04 ROC 0S mix AR -l 64.5 5
Shozot®! 2017 Japan  Asian 115 R 0.049 ROC 0S mix 65 - 64 5
Rosst?”! 2018 British ~ Gaucasian 801 p 0.22 ROC 0S mix 64 I 65 7

NOS=the Newcastle-Ottawa quality assessment scale, NR=no reported, OS=overall survival, P = prospective, R=retrospective, ROC=the receiver operating characteristic.
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Assessment of study quality.

Selection Comparability QOutcome
Author Item 1 Item 2 Iltem 3 Item 4 Item 5 Item 6 Item 7 ltem 8 Item 9 Score
Masatsune®®” Vv — v v v — v v V 7
Mitsuruf®! Vv — v v v — v v — 6
Leonardo®” v — v v v v v v — 7
Koichiro®! Vv — v Vv v — v — — 5
Shozo'?®! v — v v i — v - - 5
Ross!®” v — v v v — v v v 7
/=0ne point, —=zero point, ltem 1 =representativeness of the exposed cohort, ltem 2 = selection of the non-exposed cohort, Item 3 =ascertainment of exposure, Item 4 =demonstration that outcome of

interest was not present at start of study, Item 5= comparability of cohorts on the basis of the design or analysis(1), ltem 6 = comparability of cohorts on the basis of the design or analysis(2), ltem 7 =assessment
of outcome, Item 8 =follow-up long enough for outcomes to occur; Item 9: adequacy of follow up of cohorts.

2.3. Data extraction and methodological quality
assessment

Data from all candidate articles were independently evaluated
and extracted by two investigators (FW and PL). Articles would
be retrieved through full-text review after not being categorized
by title and abstract alone. Each disagreement was discussed until
the two investigators reached a consensus to ensure the accurate
data extraction. The extracted data included the first author, year
of publication, country, total number of cases, study style, cutoff
value of CAR, age, follow-ups, stages, treatment, and HRs for
0S, as well as their 95% confidence intervals (CIs) and P values
for the correlation between prognosis and CAR.

Qualities of candidate studies were appraised by the New-
castle-Ottawa Quality Assessment Scale (NOS).'"*! The NOS
consists of three parameters of quality: selection (0-4 points),
comparability (0-2 points), and outcome assessment (0-3
points). Studies with NOS score no <7 points were defined as
high-quality articles'**! and the maximum score is 9 points. Any
disagreement was settled by discussion.

2.4. Statistical analysis

Analyses were performed by two statistical tools: STATA
version 12.0 (Stata Corp LP, TX, USA) and RevMan software
(version 5.3; Te Cochrane Collaboration). HRs and 95% ClIs
were extracted from each eligible study to calculate the pooled
HRs. The heterogeneity of the pooled data was evaluated by
using Cochran’s Q test and Higgins I-squared statistic.
Pheterogeneity < -1 or I > 50% defined as significant
heterogeneity. The random-effects model (DerSimonian-Laird
method)"® was used to analyze the pooled HRs which had
significant heterogeneity; otherwise, the fixed-effects model
(Mantel Haenszel method)™” was used. Publication bias was
formally investigated by three methods, the Egger’s!'®! and
Begg’s test,!'”! and “the trim and fill” method.**! Subgroup
analysis was performed to explore and explain the
heterogeneity among the different studies. Sensitivity analysis
was used to evaluate the stability of the pooled results using
STATA software.

3. Results

As shown in Fig. 1, we retrieved a total of 280 relevant studies
from the first searching. The 14 potential studies were selected
after screening the titles and abstracts. After reading these

articles, we excluded 8 studies (2 studies with survival outcomes
unavailable; 6 studies based on complication of surgery, severe
side effects of adjuvant chemotherapy and infection, etc).
Finally, the 6 eligible studies were included in this meta-
analysis.

The major characteristics of included studies are shown in
Table 1. These 6 studies compromised 1942 patients with CRC.
Among them, participants in 4 studies were Asian, 2 studies were
Caucasian. All studies were published between 2015 and 2018
and were from Japan (n=4) or British (n=2). The study sample
sizes ranged from 99 to 801, with the median size of 194. The cut-
off values of CAR ranged from 0.038 to 0.22, with the median
cut-off value of 0.091. All studies performed a multivariable
analysis of OS. Based on different treating methods, the studies
included surgical resection, radiotherapy, chemotherapy, and
multidisciplinary treatments. All studies were directly extracted
HRs and their 95% ClIs for OS. The quality of 6 articles was
assessed using the Newcastle-Ottawa Quality Assessment Scale
(NOS) (Table 2).

The pooled results revealed that patients with higher
pretreatment CAR, which was higher than cut-off value, had
significantly poorer OS than those with low CAR (HR: 2.09,
95% CI: 1.78-2.45, P <.001, Fig. 2) and a fix-effects model was
applied. In all eligible studies, 5 studies reported the cut-off value
which was gained by the receiver operating characteristic (ROC)
curve, and 1 study got the cut-off value based on “Cut Off
Finder” as described by Budczies et al.>' A sensitivity analysis
was conducted to determine whether any study would affect the
pooled HRs, and the result was negative (Fig. 3). Egger’s and
Begg’s test were used to evaluate the publication bias. The
evidence for obvious publication bias for OS was not found, as
the P value for Egger’s test (Fig. 4) was 0.083, and the P value for
Begg’s test was 0.26. No missing studies were required to make
the filled funnel plots symmetrical after being estimated via the
trim-and-fill method (Fig. 5).

4. Discussion

We evaluated the correlation of CAR with the prognosis value in
CRC patients for the first time using meta-analysis. In this meta-
analysis, we combined the outcomes of 1942 subjects from 6
individual studies, revealing that elevated pretreatment CAR was
evidently related with poorer OS (HR: 2.09, 95%CI:1.78-2.45,
P<.001) in CRC and there was no heterogeneity. Taking
together, we hypothesized that CAR should be a potential
prognostic biomarker in CRC.
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Study %

ID HR (95% CI) Weight
i

Mitsuru Ishizuka (2015) —i—-— 2.61(162,4.21) 11.03
1
1

Masatsune Shibutani (2016) —_— 1.87 (1.06, 3.29) 7.78
1
1

Leonardo Solaini (2016) —-+— 2.04 (1.26, 3.30) 10.85
]
1

Koichiro Haruki (2017) —i—o— 256 (142, 4 61) 7.24
1]
1

Shozo Ide (2017) ! 5.09 (2.27, 11.40) 3.87
1
1

Ross D Dolan (2018) —_— 1.88 (1.53, 2.31) 59.24
1

Overall (I-squared = 30.1%, p = 0.209) @ 2.09 (1.78, 2.45) 100.00
i
1
1
]
1

I 3 I
% 1 12

Figure 2. Forest plot of hazard ratio (HR) for the relationship between CAR and overall survival (OS).

CAR, composed of CRP and serum albumin, was initially
proposed to identify acute patients and independently predicted
the mortality of sepsis patients.*>*3! Then, there are many studies
reported CAR was a good prognostic indicator in patients with
various malignancies such as nasopharyngeal cancer, lung
cancer.**! CRP is an acute-phase protein synthesized by liver.
Elevated serum concentration of CRP has been shown to induce

cancer-related production of inflammatory cytokines. Meanwhile
serum levels of albumin is the common marker of nutritional status
and relate to chronic inflammation which activate cytokines such
asIL-1 and TNF-« et al.’®3*! Thus, CRP/albumin (CAR) ratio can
effectively reflects potential inflammatory state caused by
expansion or invasion in the tumor microenvironment and be
used to be an simple and independent prognostic factor.

Meta-analysis fixed-effects estimates (exponential form)

Study ommited
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Figure 3. Sensitivity analysis of the relationship between CAR and OS.
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 4. Begg’s funnel plot for publication bias test of OS.
This meta-analysis has some possible limitations: 4. The cut-off values of CAR remained diverse in these included

studies which led to inconsistent outcome threshold;
5. Some databases (e.g., Cochrane Library) were not obtainable for
this research screening which led to inadequate data extracted.

1. The number of included studies and subjects was limited
which led to insufficient statistical power;

2. The majority of included studies were retrospective which
remain bias susceptibility; In summary, elevated pretreatment CAR was related with poor

3. We performed three methods of the publication bias testing ~ OS in CRC. Thus CAR might be used as a simple and reliable
and the results showed no obvious publication bias in this  prognostic indicator which is applied to prognostication and
study, while the tests may have false negatives because of the  classification of colorectal patients in clinical application. But its
small number of studies included in our study; prognostic value still needed to be confirmed in large-scale studies.

Filled funnel plot with pseudo 95% confidence limits
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Figure 5. Filled funnel plots for publication bias test of OS.
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