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C-reactive protein/albumin ratio is a prognostic
indicator in Asians with pancreatic cancers

A meta-analysis
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Abstract \\
Background: The prognostic value of C-reactive protein/albumin ratio (CAR) in pancreatic cancer remains controversial. This |
study aimed to determine the potential role of CAR as a prognostic indicator in pancreatic cancer.

Methods: A comprehensive literature search up to December 2018 was conducted using PubMed, Web of Science, and other
databases. The hazard ratio (HR) with 95% confidence interval (CI) was employed to quantitatively assess CAR as a prognostic
indicator in patients with pancreatic cancer.

Results: Eleven studies with 2047 pancreatic cancer patients were selected for the analysis. Ten out of 11 studies included only
Asian patients. The pooled results showed that a higher CAR value was significantly associated with a poor overall survival of
pancreatic cancer patients (random-effects model: HR=1.86; 95% Cl=1.53-2.26). Sensitivity analysis indicated the stability of the
overall pooled results. Subgroup analysis and meta-regression analysis revealed that the country under study, cut-off value of CAR,
treatment of patients, and the period of follow-up did not affect the prognostic value of CAR in pancreatic cancer patients (P> .05).
No publication bias was noted across the studies (P=.933).

Conclusion: This meta-analysis suggests that CAR is associated with the survival of pancreatic cancer patients of Asian ethnicity,
and a higher CAR may be a potential prognostic indicator in pancreatic cancers.

Abbreviations: Cl = confidence interval, HR = hazard ratio, ICU = intensive care unit, NLR = neutrophil-to-lymphocyte ratio, SMD

= standard mean differences.
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1. Introduction

One of the most lethal and aggressive digestive cancers,
pancreatic cancer is the fourth leading cause of cancer-related
deaths.!"! Despite great advancements in preoperative diagnosis
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approach, surgery techniques and chemotherapy treatment, and
perioperative management, the prognosis of pancreatic cancer
patients remains poor, especially for those at an advanced
stage.¥ In addition, only 10% to 15% pancreatic cancer
patients are able to undergo pancreatic resection.!*! Traditional-
ly, TNM stage, vascular invasion, and histologic grade are
considered to be the prognostic indicators of pancreatic cancer.
However, these biomarkers are subject to lower reliability and
rely on surgical exploration.!®*¢! Therefore, finding reliable and
easily assessable biomarkers to predict the prognosis of patients
with pancreatic cancer is imperative to clinicians.

Previous studies have demonstrated that tumor-elicited
inflammation plays a crucial role in various types of malignant
transformation and tumor progression.”®! Currently, some
systemic inflammation-based indicators, such as C-reactive
protein (CRP), neutrophil-to-lymphocyte ratio (NLR), and
lactate dehydrogenase, have been shown to be associated with
the prognosis of various cancers, including pancreatic cancer.!”-
"I Recently, the CRP to albumin ratio (CAR), a novel
inflammation-based prognostic score, was also reported to be
associated with poor outcome in various diseases, including
sepsis,['?! pancreatitis,'*?! and cancers.™*!

The prognostic value of CAR in pancreatic cancer patients has
been explored.'"*~'*! However, the results remain controversial.
For example, studies by Piciucchi et al?! and Lee et al*!! failed to
show the prognostic value of CAR in pancreatic cancer patients
in multivariate Cox regression analysis, but other studies
indicated the prognostic value in these patients. Previously,
although some meta-analysis studies analyzed the prognostic
value of CAR in solid tumors,''***! the data about pancreatic
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cancer was small and lacked stratified analysis. Thus, the real
value of CAR in predicting the prognosis of pancreatic cancer
needs to be further elucidated. Therefore, in order to derive a
more precise estimation of the prognostic value of CAR in
pancreatic cancer, we conducted a meta-analysis by including all
the published articles.

2. Materials and methods

2.1. Literature search and study selection

This meta-analysis complied with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses criteria.””>! Two inves-
tigators independently searched for eligible studies prior to April
2018 in PubMed, EMBASE, Web of Science, Chinese National
Knowledge Infrastructure, and Chinese Biomedical Database. The
search strategy included the following terms: (“c-reactive
protein”[MeSH Terms] or “CRP” or “albumins”[MeSH Terms
or “CAR”, “ratio”[All Fields]) and (“pancreatic”[All Fields] AND
“cancer”[All Fields] or “pancreatic neoplasms”[MeSH Terms])
and (“prognosis”[MeSH Terms]). Literature in all languages was
searched and translated when necessary. References within the
identified articles were also searched manually. The study protocol
(2018-03-15) was approved by the ethics committee of the
Affiliated Hospital of Guilin Medical University.

2.2. Inclusion and exclusion criteria
Studies were included if they met the following criteria:

(1) pancreatic cancers were histologically diagnosed;

(2) prognostic value of pretreatment CAR was evaluated;

(3) hazard ratio (HR) for overall survival (OS) was evaluated
with multivariate analysis using the Cox proportional
hazards model;

(4) a definite cut-off value of CAR was provided.

The exclusion criteria were as follows:

(1) studies that were letters, reviews, or case reports;

(2) other pancreatic lesions, such as pancreatic neuroendocrine
tumors, pancreatic cysts;

(3) insufficient information available for data extraction;

(4) for studies with duplicate data, the most recent publication
was chosen.

2.3. Data extraction and quality assessment

The extracted data from each study included: first author, year of
publication, country where the study was conducted, age and
gender of patients, total number of patients, design of the study,
cut-off value of CAR, cut-off selection methods, treatment strategy,
follow-up of the patients, the HRs for OS and disease-free survival
(DFS), as well as their 95% confidence intervals (Cls). The qualities
of the included studies were estimated using the Newcastle-Ottawa
Quality Assessment Scale (NOS).** The NOS scores of >7 were
defined as high-quality studies.**! The data from all eligible studies
were independently reviewed and extracted by 2 investigators. Any
disagreement was resolved by discussion.

2.4. Statistical analysis

The HRs and their 95% Cls were extracted from each study to
calculate pooled HRs. The heterogeneity of the pooled results
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was measured using Cochran O test and Higgins I-squared (%)
statistic. Significant heterogeneity was defined as P<.1 in
Cochran Q test. I” values <25% were taken as indicators of
mild heterogeneity, 25% to 50% corresponded to moderate
heterogeneity, and values >50% corresponded to severe
heterogeneity. The random-effects model (DerSimonian-Laird
method) was used to analyze the pooled HRs when heteroge-
neity was significant; otherwise, the fixed-effects model
(Mantel-Haenszel method) was applied. Publication bias was
assessed using the Begg and Egger tests. Sensitivity analysis was
used to examine the stability of the pooled results. Subgroup
analysis was performed on the basis of country, cut-off value,
treatment method, and follow-up. The differences between the
subgroups were assessed using meta-regression analysis. The
above statistical analyses were performed using STATA version
11.0 (Stata Corp LP, TX). Furthermore, linear regression
analysis was performed to evaluate the correlation of the CAR
cut-off value and log (CAR cut-off value) with the HR for OS
using GraphPad Prism Software 6 (GraphPad Software Inc.,
San Diego, CA).

3. Results

3.1. Study selection process

The selection process is illustrated in Figure 1. Based on the search
terms, 88 relevant studies were identified from the primary
retrieval. After screening the titles and abstracts, 32 potential
studies were selected while 56 were excluded because they were
either reviews, animal studies, case reports, or irrelevant to the
current meta-analysis. By reading the full text of the selected 32
studies, 20 were excluded due to insufficient data of HR value or
lack of analysis of the prognostic value of CAR in pancreatic
cancer. One study used the high sensitivity CRP/Alb (hs-CRP/
Alb) ratio instead of the CRP/AID ratio to explore the prognostic
value.'*®! Finally, eleven eligible studies!!®™'8:20-22:27-301 (i¢h
2047 pancreatic cancer patients were selected based on the
inclusion criteria in this meta-analysis.

3.2. Characteristics of included studies

All included studies were retrospective by design. Four studies
were conducted in China, 4 in Japan, 2 in Korea, and 1 in Italy.
The period of follow-up varied, ranging from 12 to 60 months.
The cut-off value of CAR varied across the studies, ranging from
0.004 to 3.85; we converted the units of CRP from mg/L to mg/dL
to maintain uniformity across cut-off values of CAR. The quality
of included studies was high, ranging from 7 to 9 based on the
NOS system. The detailed characteristics of this meta-analysis are
shown in Table 1.

3.3. Overall analysis of prognostic value of CAR in
pancreatic cancer

Pooled results from multivariate analysis of the data showed that
patients with a high pretreatment CAR had significantly poorer
OS than those with low CAR (HR=1.86; 95% CI=1.53-2.26;
P<.001; Fig. 2). There was obvious heterogeneity across the
included studies (I>=54.8%; P=.014). To determine whether a
particular study affected the pooled HRs in our meta-analysis, a
sensitivity analysis was performed by removing each study in
turns. Although removal of the Wu et al®*! study reduced the
heterogeneity significantly (I?=0, P=.548), the result remained
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Figure 1. Flow chart of literature selection.

similar to the overall results (HR, 1.72; 95% CI, 1.51-1.96;
P<.001; Fig. 3). Since Piciucchi et al*®! study included
Caucasian patients, we removed this study in the sensitivity
analysis, and found the results to be similar to the main results.
Publication bias analysis revealed no significant bias among the
studies (Egger test, P=.933; Begg test, P=.876; Fig. 4)

3.4. Correlation of cut-off value and HR for OS

We performed a correlation analysis of CAR cut-off value and
HR as in a previous study. First, we evaluated the correlation of
cut-off value and HR for OS using linear regression analysis. The
results showed no correlation between the cut-off value and HR

for OS (r*=0.114; P=.375; Fig. 5A). In order to reduce the
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Table 1

Characteristic of included studies.

First Year/ Mean Male/ Num. Survival Cut-off Cancer NOS
author country age female patients analysis HR(95%Cl) Design value Treatment stage FU score
Haruki K 2016/ Japan ~ 66.8 70/43 113 0S 1.726(1.039-2.867) R 0.03 Surgery |-V 36m 8
Lee JM 2016/ Korea ~ 63.5 49/33 82 0S 1.60(0.84-3.04) R 0.5 chemotherapy |-V 24m 9
Wu M 2016/ China 62 156/77 233 0S 3.995 (2.644-6.034) R 0.54 chemotherapy |-V 12m 8
Hang J 2017/ China 61 92/50 142 0S 1.629(1.097-2.419) R 0.156 chemotherapy -+ 50m 8
lkeguchi M~ 2017/ Japan ~ 71.6 30/13 43 0S 2.895 (1.142-7.339) R 0.04 surgery - 25.2m 9
Liu z 2017/ China 65 238/148 386 0S 2.07 (1.59-2.70) R 0.18 Chem-+surg |-V 50m 9
Piciucchi M 2017/ Italy 69.9  112/206 318 0S 1.1 (0.6-1.9) P NA Chem-+surg |-V 24m 8
Fujiwara Y 2018/ Japan  67.0 115/73 188 0S 1.928(1.355-2.744) R 0.004 surgery |-V 60m 8
Arima K 2018/ Japan 69 74/69 143 0S 1.617(1.01-2.61) P 0.34 surgery NA 60m 8
Luo BY 2018/ China  63.8 64/33 97 0S 1.832(1.067-3.144) R 0.109 surgery |-l 18m 7
Kim HJ 2018/Korea 70 189/113 302 0S 1.454 (1.106-1.911) R 3.85 Chemotherapy |-V 60m 8

95%Cl=95% confidence interval, FU="follow-up, HR=hazard ratio, P = prospective, R=retrospective.

impact of non-normal distribution of the CAR cut-off value, the
correlation of log (cut-off value) and HR for OS was analyzed,
which also failed to show a significant correlation between log
(cut-off value) and HR for OS (#*=0.032; P=.647; Fig. 5B). We
therefore divided the studies into low and high cut-off groups in
the following subgroup analysis, with the cut-off value as 0.1,
which included three and four studies in the low and high cut-off
group, respectively.

3.5. Subgroup analysis and meta-regression analysis
We performed subgroup analysis and meta-regression analysis of
OS based on different countries, cut-off value, treatment
methods, and follow-up time. The results of subgroup analysis
and meta-regression analysis are illustrated in Table 2.

By pooling the data of different countries, the subgroup
analysis results showed that higher CAR value was associated
with poor OS both in China (HR, 2.23; P <.001) and in countries

Study %
ID HR (95% CI) Weight
Haruki K (2016) N (— 1.73(1.04,2.87) 8.16
Wu M (2016) —=—— 399(264,6.03) 10.02
Lee JM (2016) -~ . 1.60 (0.84,3.04) 6.12
Hang J (2017) —-f— 1.63 (1.10, 2.42) 10.40
Liu Z (2017) —I'-— 2.07 (1.59, 2.70) 13.59
Ikeguchi M (2017) : > 2.89(1.14,7.34) 3.55
Piciucchi M (2017) —-—l- 1.10 (0.60, 1.90)  7.04
Fujiwara Y (2018) —7— 1.93(1.36,2.74) 11.39
Arima K (2018) —o—é— 1.62(1.01,2.61) 876
Luo BY (2018) —-— 1.83(1.07,3.14) 7.60
Kim HJ (2018) —0—;'- 1.45 (1.11, 1.91) 13.37
Overall (I-squared = 54.8%, p = 0.014) @ 1.86 (1.53,2.26)  100.00
NOTE: Weights are from random effects analysis

.1:?.6 1 7_}34

Figure 2. Forest plot of hazard ratio for the association of C-reactive protein/albumin ratio with overall survival in pancreatic cancers patients.
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Figure 3. Sensitivity analysis of the relationship between C-reactive protein/albumin ratio and overall survival in pancreatic cancers patients.

other than China (HR, 1.60; P<.001). However, the meta-
regression did not show a significant difference between China
and countries outside China regarding the prognostic value of
CAR (P value for subgroup difference = .117).

The subgroup analysis for low and high cut-off group revealed
that CAR was associated with poor OS both in the lower cut-off
group (HR, 1.93; P<.001) and the higher cut-off group (HR,
1.92; P<.001). There was no statistically significant difference
between these 2 groups by meta-regression analysis (P value for
subgroup difference =.9035).

When data from different treatment methods were pooled, the
results indicated that elevated CAR was positively related to poor
OS both in the with-surgery group (HR, 1.85; P<.001) and the
no-surgery group (HR, 1.84; P <.001). No significant difference
was observed between these groups (P value for subgroup
difference =.969).

The included studies were divided into shorter and longer
follow-up groups with 24 months as the cut-off time. A combined
analysis of the subgroup analyses showed that higher CAR was
associated with poor OS in both the shorter and longer follow-up

Begg's funnel plot with pseudo 95% confidence limits

1.5

Inhr

0 5

-
o

s.e. of: Inhr

Figure 4. Filled funnel plots for publication bias test of overall survival.
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Figure 5. The correlation of cut-off value and log (cut-off value) of the hazard ratio for overall survival using linear regression analysis.

groups (HR, 2.35; P=.006) and the higher cut-off group (HR,
1.72; P<.001). There was no statistically significant difference
between these groups (P value for subgroup difference=.103).

4. Discussion

In the present study, we combined data from eleven eligible
studies with a total of 2047 pancreatic cancer patients, and the
results showed that high pretreatment CAR was significantly
associated with poor OS of pancreatic cancer patients, although
the heterogeneity was moderate. Subgroup analysis showed that
a high CAR was related to poor OS when the patients were
stratified based on the different countries, CAR cut-off value,
treatment method, and follow-up, and the meta-regression
suggested no significant difference between these subgroups.
The sensitivity analysis showed that none of the included studies
significantly affected the overall analysis. These results suggest
that pretreatment CAR is an independent and significant
indicator for OS in pancreatic cancer patients.

Growing evidence has demonstrated that, in addition to the
intrinsic properties of tumor cells, the systemic and local
inflammatory reactions of the host play a critical role in the
pathogenesis and progression of cancer.®!! To date, certain
inflammatory factors and cancer-related inflammatory prognos-
tic scores, such as NLR, platelet-lymphocyte ratio (PLR),
modified Glasgow Prognostic Score (mGPS), and CAR, have
been found to be closely correlated with the survival outcomes in

various cancers, including pancreatic cancer.?*735! CRP is a
common marker of host systemic inflammation, and albumin
reflects the nutrition status of the host. Hypoalbuminemia, an
indicator for chronic malnutrition, is a common complication for
advanced cancer patients.*® Therefore, CAR, a combined
pattern of both CRP and albumin, may reveal the outcome of
diseases in a better way than either one would individually. The
prognostic value of CAR has been implicated in several diseases,
including various cancers. Compared with other peripheral blood
cell count-based indicators, such as NLR or PLR, CAR has a
better prognostic value in pancreatic cancer according to some
reports.|!17:28]

Previously, several studies have reported the prognostic value
of CAR in pancreatic cancer but with inconsistent results. Haruki
et al"”! found that pancreatic cancer with advanced TNM stage
presented a higher CAR value than early TNM stage and that
CAR was an independent prognostic factor in multivariate
regression analysis. Similar results were reported by Hang et al®!
and Liu et al.?®! However, inconsistent results were reported in
the Lee et al®!! study, which showed that CAR was not an
independent indicator to the prognosis of pancreatic cancer
patients. Moreover, Piciucchi et al®”! study showed that CAR
was not associated with survival of pancreatic cancer patients in
an Italian cohort. We speculated at least 2 reasons contributing to
this discrepancy. First is the treatment of patients, because some
patients underwent surgery only, other patients were given
chemotherapy. Second, the cut-off value of CAR might have led

Subgroup meta-analysis and meta-regression analysis.

Variable Subgroup groups Num. study HR(95%Cl) (%) P-h P-sub P-reg

Country China 4 2.23 (1.54-3.24) 0 .566 <.001 17
Non- China 7 1.60 (1.34-1.89) 725 012 <.001

Cut-off <041 3 1.93 (1.47-2.55) 0 633 <.001 .905
>0.1 7 1.92 (1.48-2.49) 66.5 .006 <.001

Treatment With-surgery 5 1.85 (1.48-2.30) 0 857 <.001 .969
Chemotherapy 6 1.84 (1.42-2.05) 76.0 .001 <.001

Follow-up >24 months 8 1.72 (1.49-1.98) 55 .388 <.001 103
<24 months 3 2.35 (1.28-4.31) 74.9 019 .006

95%Cl=95% confidence interval, HR=hazard ratio, P-h=P value of Q test for heterogeneity test, P-reg=P value of meta-regression analysis, P-sub= P value of subgroup analysis.
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to inconsistent results, as shown in Table 2, since it varied greatly
among the included studies, which might have affected the
prognostic value of CAR in patients with pancreatic cancer.

It well known that the prognosis of patients with cancer is
associated with the clinical stage of cancer. In this study, 3 of the
included published studies!'*~'”! reported that the clinical stage
was an independent indicator of the prognosis of patients with
pancreatic cancer. Liu et al®®! study showed that a high CAR
value was associated with prognosis in patients at stage III and
IV, but not stage I and II. Hang et al™"®! study revealed that the
proportion of patients with high CAR was significantly higher in
stage IV compared to stage III, suggesting that CAR increased
with the progression of cancer, and high CAR indicated a worse
prognosis in patients with pancreatic cancer. However, due to the
limited data available, we failed to analyze the effect of CAR in
different stages of pancreatic cancer in patients, and we did not
know the cut-off value of CAR between patients at different
stages, which might influence the prognostic value. Furthermore,
whether testing of CAR in patients in early stages is superior to
advanced stages as well as whether testing before treatment is
superior to after treatment remains uncertain. Thus, future
studies need to address these issues.

Although 2 studies!™ ! reported the prognostic value of CAR
in pancreatic cancer using meta-analysis, both included only 4
articles for the analysis. Further, the sample size was small, and
the studies lacked subgroup analysis based on the different
variables of the studies included in them. Compared with
previous studies, the present study included a much larger patient
population and thus could increase the robustness of the results.
In addition, we compared the difference in prognostic values of
CAR by dividing the evaluations into different subgroups using
subgroup analysis and meta-regression analysis. Our results
indicated that different countries, cut-off value, treatment, and
follow-up did not show a significant difference between each
subgroup. Moreover, all the data used for meta-analysis was
adjusted by confounder factors, that is from multivariate
analysis, which could greatly eliminate the influence of potential
confounder factors. Finally, the sensitivity analysis and publica-
tion bias results indicated the robustness of the overall meta-
analysis.

There are several limitations in this meta-analysis that need to
be noted. First, there was significant heterogeneity across the
studies in the overall meta-analysis, which tended to reduce the
robustness of the results, although the sensitivity analysis
identified only 1 study that led to significant heterogeneity.
Second, most of the included studies were retrospective by design,
which indicated an inferior level of evidence compared with
prospective studies. In addition, studies with a retrospective
design are prone to recall bias or misclassification bias, and the
results are subject to confounding factors,'>”! which influence the
reliability of results. Third, although no significant publication
bias was detected, most of the included studies published positive
results; thus, some publication bias was inevitably latent. Fourth,
all but one of the included studies were from Asian countries, and
hence the results need to be interpreted with caution when
extrapolating to other ethnicities. Therefore, a future study that
addresses the above-mentioned limitations is warranted in order
to confirm the prognostic value of CAR in pancreatic cancer. Due
to the limitations of CAR in predicting pancreatic cancer,
common indicators, such as TNM stage, tumor size, PLR and
NLR, continue to act as necessary alternative methods in clinical
practice.

www.md-journal.com

5. Conclusion

This study demonstrated that CAR was closely related to
pancreatic cancer in individuals of Asian ethnicity, and
pretreatment CAR could be a promising independent prognostic
biomarker for OS in pancreatic cancer patients.
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