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Abstract

Purpose Inconsistent results on the prognostic significance of C-reactive protein to albumin ratio (CAR) in colorectal cancer
patients have been reported. This meta-analysis sought to assess the prognostic value of pretreatment CAR for survival outcomes
in colorectal cancer patients.

Methods We conducted a systematic literature search of PubMed and Embase databases until February 16, 2019. Observational
studies investigating the prognostic role of pretreatment CAR for survival outcome in patients with colorectal cancer were included.
Outcome measures included overall survival (OS), disease-free survival (DFS), or progression-free survival (PFS). Pooled hazard
ratio (HR) with 95% confidence interval (CI) was utilized to summarize the prognostic significance of CAR for patient survival.
Results Nine retrospective studies involving 2492 colorectal cancer patients were identified. A fixed-effect model meta-analysis
showed that high pretreatment CAR was an independent predictor of poor OS (HR 2.25; 95% CI 1.84-2.76) and DFS (HR 2.49;
95% CI 1.43—4.33). On the other hand, no significant association was observed between high CAR and PFS (HR 1.71; 95% CI
0.44-6.60). The predictive values of OS with high pretreatment CAR caused no significant changes in different sample sizes,
countries, cut-off values of CAR, treatment methods, and study quality of subgroups.

Conclusion This meta-analysis suggests that CAR may be a powerful prognostic indicator for colorectal cancer prognosis. High
pretreatment CAR is associated with poor OS and DFS in patients with colorectal cancer.
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Introduction

Colorectal cancer is the third most commonly diagnosed ma-
lignancy in males and the second in females worldwide [1]. In
spite of advances in surgical technique and chemotherapy, the
5-year survival probability of colorectal cancer achieved no
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considerable improvement [2]. Colorectal cancer is character-
ized by high inter-patient heterogeneity, which is a challenge
for personalized medicine [3]. Biomarkers play a crucial role
in personalization of therapies [4]. Therefore, identification of
novel prognostic biomarkers is required to improve risk
stratification.

Systemic inflammatory responses play a central role in car-
cinogenesis and cancer progression [5]. Inflammation-based
scoring systems, including Glasgow prognostic score (GPS),
platelet-lymphocyte ratio, and neutrophil-to-lymphocyte ratio
have been widely utilized for cancer prognosis [6]. C-reactive
protein (CRP) is a widely used systemic inflammatory index.
The serum level of albumin can accurately reflect the nutri-
tional status. GPS, which is based on the CRP and albumin
level, is recognized as a strong prognostic biomarker in colo-
rectal cancer patients [7]. CRP to albumin ratio (CAR) is a
novel useful inflammation-based prognostic marker. Recently,
several epidemiological studies [8—12] have reported that high
CAR served as a good predictor of poor survival outcomes in
colorectal cancer patients. However, conflicting results on the
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prognostic significance of CAR in these patients remained
[13, 14].

No previous systematic review nor meta-analysis has spe-
cially focused on the association between pretreatment CAR
and survival outcome in patients with colorectal cancer.
Therefore, we conducted this meta-analysis to evaluate the
prognostic utility of pretreatment CAR for survival outcomes
in colorectal cancer patients.

Materials and methods
Data source and literature search

We conducted and reported this meta-analysis according to the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-analysis [15]. A comprehensive computer-
ized literature search was conducted on PubMed and Embase
databases until February 16, 2019. The search terms used were
as follows: (“C-reactive protein to albumin ratio” OR “C-reac-
tive protein/albumin ratio” OR “C-reactive protein albumin
ratio”) AND (“carcinoma” OR “neoplasm” OR “tumor” OR
“cancer”) AND (“colorectal” OR “rectal” OR “colon”) AND
(“survival” OR “death” OR “mortality”). The detailed search
strategy used in PubMed is provided in Supplemental Text S1.

Reference lists of included articles and pertinent reviews were
also manually searched for potential missing studies.

Study selection

The following inclusion criteria were used to identify the eli-
gible studies: (1) retrospective or prospective epidemiological
studies, (2) enrollment of patients with pathologically diag-
nosed colorectal cancer, (3) pretreatment CAR as exposure,
and (4) outcome measures including overall survival (OS),
disease-free survival (DFS), or progression-free survival
(PFS). Exclusion criteria included the following: (1) reported
unadjusted risk estimates of above clinical outcomes, (2) stud-
ies without survival data, and (3) conference abstracts, re-
views, or comments.

Data extraction and quality assessment

Data were abstracted from the included studies by two inde-
pendent authors. Abstracted data included the following: first
author’s last name, year of publication, region, study design,
sample sizes, gender, mean/median age, cancer stage, types of
treatment, high CAR cutoff value, follow-up length, outcome
measures, and analyzed model. Newcastle-Ottawa Scale
(NOS) for cohort studies was selected to judge the

Fig. 1 Flowchart of the study
selection process

132 Records identified by Pubmed
and Embase databases searching

2 Additional records identified
through hand ssarch

X

78 Records after duplicates removed

l

Records screened 57 Records removed after
(n=78) | reviewing titles and absfracts

12 Full-text articles excluded
with various reasons: absence of

Full-text articles assessed
for eligibility (n=21)

relevant oufcome measures (n =
o 3): exposure was C-reactive
protein or albumin alone (n = 7);
reviews (n = 1); univanate risk

esfimate reported (n=1)

4

Studies included in
meta-analysis (n=9)

@ Springer



Int J Colorectal Dis (2019) 34:1105-1111 1107
methodological quality assessment of eligible studies [16]. @ S S
. . . . EZ | o & wows~ o o~ © =
High-quality studies were defined by NOS score of 7 points = =
or higher. Disagreements in data extraction and quality assess- é E
ment were resolved by consensus. é . o f
isti i ? e ¢ 3%s T e | %
Statistical analysis % E § _§ s i § : %
2
All statistical analyses were conducted with STATA version a -7 e ~ ° - g
12.0 (Stata Corp LP, TX, USA). The multivariable adjusted £ I axZ € g @y
multivariable adjusted hazard ratio (HR) with 95% confidence g § E § 5 § =INE :‘r @ g g ) g j: ;
interval (CI) were used to pool the prognostic value of high g =22 13 § Td 122 5 \ S E
pretreatment CAR. Heterogeneity across studies was exam- 5 ;5 2 22T 3§ ES g? gf 5
ined using the Cochrane Q statistic and quantified using the g § [\E 4 § E § 3 § 4 f 4 % % § % g
P statistic. Statistically significant heterogeneity was deemed g &1 8 a L 83 % g a Z = 4 = 3 = Q;;
by p < 0.1 in Cochrane Q test or F statistic > 50%. We selected o 8
a random effect model in the presence of significant heteroge- g o 'j
neity. Otherwise, a fixed-effects model was applied in pooling % Sls £ 22 2 4 o « %
summary. Publication bias was scheduled using the Begg’s S5 l1S 2 S&z2 2 2 Z =
rank correlation test [17] and Egger’s linear regression test £g & é
[18], where p<0.1 was considered statistically significant. 58 B 2
Furthermore, a trim-and-fill method was used to assess the % % % g
possible influence of publication bias. Sensitivity analyses & § 2z & & ;
were conducted by omitting each study in turn. Subgroup = 5 g g2 g g g £ g S
analysis was performed on the basis of sample sizes (>200 % 3 % 3 % % % % 3 % g
or < 200), country (China or Japan), treatment methods (che- = ﬁ 5 E 5658 S E S 2
motherapy or resection), cutoff value of CAR (> 0.1 or <0.1), % g
and NOS scores (=7 or < 7). As for small number of studies g % 5 - N E‘:J
reported the PFS and DFS as outcome measures, we only é g él\ %f g T @ I g o
analyzed the OS outcome in the subgroup analysis. % f S 8 o 2 % a E = g g
¥l 8 £83¢3 ¥ 2 % |g
Results g e g é
= = ~
s g:g 5 |&
Search results and study characteristics & E 58z é 3 5 <
A total of 134 articles were identified based on our online | 2 Y £ex g S ES g T 8 5
databases and hand search. Among the articles, 56 duplicates 2 g g & w2sg 5 &8 = S 2
. & IS 5} =N O O O = = o S o
were removed. A total of 57 articles were excluded after | = 5 8288283 B B 8 =
reviewing their titles and abstracts. After assessment of the é % % % 2 g Z g | % g 7 %
full-text articles, 12 articles were further removed mainly g E 5 % °3 %’ 5 225' S 3 § 3
due to the absence of relevant outcome measures and CRP 3 g © v vwee o 9 @ &
or albumin alone as exposure. Nine studies [8-14, 19, 20] é § 3 8 8888 8 B 38 :
were finally included in this meta-analysis. Figure 1 shows 2| = g g g‘ggg g g g <
the study selection process. "g 2 s 2 2222 2 2 2 E
Table 1 summarizes the main characteristics of the eligible =| = g
studies. All the included studies featured retrospective designs é % g § § _;é §8 § ;é g %
and were published from 2016 to 2019. Among the included % o = 8 S8 8 U =8 S Lé
studies, seven [8—12, 14, 20] were conducted in Japan and two z = = — _ 5] 2
studies [13, 19] were conducted in China. A total of 2492 g = = g % = = g E
colorectal cancer patients were included in our meta-analysis. | = % % ST % = % _*E e?
The sample sizes of these studies ranged from 40 to 705. - E’ E g E = %; % g E é %
Three studies [8, 10, 13] selected patients with surgical resec- 2| Z 2 ESES £ =z Z =g
tion; three studies [9, 14, 19] included patients with |2 5 & 22828 £ N & g2

@ Springer



1108

Int J Colorectal Dis (2019) 34:1105-1111

Fig. 2 Forest plots showing HR Study
and 95% CI of OS for high versus
low C-reactive protein to albumin
ratio
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chemotherapy, and the remaining studies enrolled patients
with chemotherapy and surgical resection. The cutoff values
for high pretreatment CAR ranged from 0.027 to 0.671. The
NOS scores of the included studies ranged from 6 to 8, sug-
gesting a relatively high quality.

Overall survival

Eight studies [8-10, 12—14, 19, 20] provided data on pretreat-
ment CAR and OS. As shown in Fig. 2, a fixed-effect model
was used given the lack of significant heterogeneity across
studies (I* =24.6%; p=0.233). Meta-analysis showed that
high pretreatment CAR was associated with poorer OS (HR

Fig. 3 Funnel plot of high C-
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2.25;95% CI 1.84-2.76) compared with the low CAR catego-
ry. Sensitivity analyses confirmed that any single study slightly
affected the pooling results (data not shown). No evidence of
publication bias was observed according to the Begg’s test
(p=0.386) and Egger’s test (p = 0.129). Trim-and-fill analysis
showed there was one missing study in the funnel plot (Fig. 3).
However, imputing this missing study caused no significant
alteration in the original prognostic significance (HR 2.21;
95% CI 1.02-4.79; p = 0.045). Subgroup analyses confirmed
the prognostic significance in our predefined subgroups
(Table 2). Strong effects of high pretreatment CAR on OS were
noted in metastatic colorectal cancer, chemotherapy, Japan,
and sample sizes <200 subgroups.
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Table 2 Subgroup analyses of
overall survival Subgroup Number. Pooled hazard ratios 95% confidence Heterogeneity
of studies interval between studies
Sample sizes
>200 3 1.97 1.46-2.66 p=0329; F=10.0%
<200 5 2.52 1.91-3.31 p =0224; F=29.7%
Country of origin
China 1.99 1.40-2.84 p =0.370; F=0.0%
Japan 2.39 1.86-3.06 p =0.166; F=36.1%
Type of cancer
Metastatic CRC 4 229 1.71-3.07 p =0.501; F=0.0%;
All CRC 3 1.97 1.46-2.66 p =0329; P=10.0%
Treatments
Resection 3 1.97 1.46-2.66 p =0.329; F=10.0%;
Chemotherapy 3 221 1.58-3.10 p =0.336;  =8.4%
Cutoff value of CAR
>0.1 221 1.58-3.10 p =0.336; F=84%
<0.1 4 2.27 1.76-2.93 p=0.131; P =43.6%
NOS points
>7 227 1.82-2.82 p=0214; P =29.5%;
<7 2 2.17 1.27-3.69 p =0.140; P =54.0%

CAR, C-reactive protein (CRP)-to-albumin; CRC, colorectal cancer

Disease-free survival and progression-free survival

Four studies [8, 11, 12, 20] provided data on DFS and two
studies [13, 14] reported data regarding PFS. As shown in
Fig. 4, the meta-analysis indicated that high pretreatment
CAR was associated with poorer DFS (HR 2.49; 95% CI

1.43-4.33; P =743%:; p=0.009) in a random effect model.
However, a random effect model meta-analysis showed that
there was no significant association between high pretreatment
CAR and PFS (HR 1.71; 95% CI 0.44-6.60; F = 63.0%; p =
0.100). Leave-out one study sensitivity analyses further con-
firmed the robustness of our pooling results (data not shown).

Fig. 4 Forest plots showing HR Study %
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Discussion

To address the prognostic value of CAR in colorectal cancer
patients, we conducted this meta-analysis on the most recent
literature to quantitatively summarize the association of pre-
treatment CAR with survival outcomes. Our meta-analysis in-
dicates that high pretreatment CAR 1is associated with poor OS
and DFS. Colorectal cancer patients with high pretreatment
CAR face more than twofold higher risk of death than those
with low CAR. Subgroup analysis and sensitivity analyses
further confirmed the robustness of the prognostic significance
of high CAR. Therefore, determination of baseline CAR has
potential to improve risk stratification of colorectal cancer.

Increasing inflammation-related predictors including the
neutrophils to lymphocytes, platelets to lymphocytes, and
GPS or modified GPS have been developed in recent years.
GPS and CAR are calculated based on the combination of
CRP and albumin level. GPS is determined by its categorical
value. On the contrary, CAR is established on the continuous
range of values. CAR has been reported to be superior to GPS
or modified GPS in terms of prognostic values [8, 9, 12, 20].
Therefore, CAR may be superior to GPS for predicting
survival.

Apart from pretreatment CAR, dynamic change in post-
treatment CAR was also identified as being a good predictor
for survival [13]. Importantly, normalization of the CRP/ALB
ratio after the treatment tended to be correlated with an im-
proved OS [9]. In addition, CAR could predict grade 3 or 4
side effects of adjuvant chemotherapy in stage III colorectal
cancer patients [11]. Thus, high CAR may also predict the risk
of side effects or tolerance of the therapy.

However, the molecular mechanisms underlying the prog-
nostic utility of CAR in colorectal cancer remain unclear. One
possible explanation is that cancer-related inflammatory re-
sponse may be linked to tumor progression and recurrence
[21]. Therefore, biomarkers of systemic inflammation can pre-
dict the post-treatment prognosis. CRP, the most widely used
inflammatory marker, has been demonstrated as an indepen-
dent predictor of survival in colorectal cancer patients [22].
Serum albumin level can represent the nutritional status and
immune function. Hypoalbuminemia is recognized as an in-
dicator of malnutrition and cachexia. On the other hand, serum
albumin level also reflects the consequence of the inflamma-
tory state. Pretreatment low albumin level was associated with
reduced survival in cancer patients [23]. CAR, a combination
of CRP and albumin, may synergistically improve the prog-
nostic value.

Nevertheless, the findings of the current meta-analysis
should be interpreted in light of several potential limitations.
First, all the included studies were retrospective cohort de-
signs and are prone to selection bias. Factors affecting enroll-
ment of participants into these retrospective cohort studies are
relatively correlated with the outcome of interest and loss of

@ Springer

records of individuals. Second, all the included studies were
conducted in East Asia. Hence, application of current findings
in Western colorectal cancer patients should be interpreted
with caution. Third, no uniform cutoff value is available for
defining high CAR. We failed to determine an optimal cutoff
value for high CAR as this meta-analysis only analyzed the
study level data. Finally, coexistence of other comorbidities
may have affected serum CRP and albumin level.

Conclusion

This meta-analysis suggests that colorectal cancer patients
with high pretreatment CAR present poorer OS and DFS.
Pretreatment CAR may serve as a promising predictor of
prognosis in patients with colorectal cancer. Considering the
limitations of this meta-analysis, future well-designed pro-
spective studies should be conducted to verify these findings.
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