:\' frontiers
in Oncology

SYSTEMATIC REVIEW
published: 21 October 2021
doi: 10.3389/fonc.2021.775425

OPEN ACCESS

Edited by:

Alessandro Passardi,

Romagnolo Scientific Institute for the
Study and Treatment of Tumors
(IRCCS), Italy

Reviewed by:

Matteo Donadon,

Humanitas University, Italy
Weiqi Rong,

Translational Research, China

*Correspondence:
Changfeng Man
changfengman@njmu.edu.cn
Yakun Lang
lyk111223@sina.com

Specialty section:

This article was submitted to
Gastrointestinal Cancers: Hepato
Pancreatic Biliary Cancers,

a section of the journal

Frontiers in Oncology

Received: 14 September 2021
Accepted: 04 October 2021
Published: 21 October 2021

Citation:

Fan'Y, Sun'Y, Man C and Lang Y
(2021) Preoperative Serum
Prealbumin Level and Adverse
Prognosis in Patients With
Hepatocellular Carcinoma After
Hepatectomy: A Meta-Analysis.
Front. Oncol. 11:775425.

doi: 10.3389/fonc.2021.775425

Check for
updates

Preoperative Serum Prealbumin
Level and Adverse Prognosis in
Patients With Hepatocellular
Carcinoma After Hepatectomy:
A Meta-Analysis

Yu Fan, Yimeng Sun, Changfeng Man* and Yakun Lang*

Institute of Molecular Biology & Translational Medicine, The Affiliated People’s Hospital, Jiangsu University, Zhenjiang, China

Background: Prealbumin is a sensitive indicator of liver function and nutritional status.

Objectives: This meta-analysis aimed to examine the association of the serum
prealbumin level with the prognosis of patients with hepatocellular carcinoma (HCC)
undergoing hepatectomy.

Methods: We comprehensively searched the PubMed, Embase, Wanfang, China
Academic Journals (CNKI), and SinoMed databases up to September 1, 2021. Eligible
studies should report the association of the serum prealbumin level with prognosis and
provide the multivariable-adjusted risk estimates of the outcomes of interest in HCC
patients undergoing hepatectomy.

Results: A total of 11 studies with 7,442 HCC patients were identified and analyzed. Meta-
analysis of a fixed effects model showed that a low serum prealbumin level was associated
with poor overall survival [hazard ratio (HR) = 1.54, 95% confidence interval (Cl) = 1.42-
1.68], recurrence-free survival (HR = 1.34, 95% Cl = 1.17-1.52), and a higher risk of
postoperative hepatic insufficiency (HR = 2.21; 95% Cl = 1.36-3.60) in HCC patients.
Sensitivity and subgroup analyses confirmed the robustness of low serum prealbumin in
predicting poor overall survival.

Conclusions: This meta-analysis indicated that a low preoperative serum prealbumin level
was significantly associated with adverse prognosis in HCC patients undergoing hepatectomy.

Keywords: prealbumin, hepatocellular carcinoma, hepatectomy, overall survival, hepatic insufficiency,
meta-analysis

INTRODUCTION

Hepatocellular carcinoma (HCC) is the principal type of primary liver cancer in adults and accounts for
approximately 90% of liver malignancy (1). Despite the advances in treatment approaches for HCC, it
remains the second leading cause of cancer-related mortality because of its distant metastasis and tumor
recurrence (2). The 5-year survival of HCC is about 10%-20% (3, 4). Hepatectomy is the main treatment
for HCC (5). However, only one-third of patients with early-stage HCC could receive surgical resection
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or liver transplantation due to advanced stage of disease or
cirrhosis-related hepatic insufficiency. Therefore, the prognostic
assessment of HCC patients before surgery is an unmet demand.

Prealbumin, also known as transthyretin, is a homotetrameric
protein synthesized by the liver (6). Serum prealbumin level is a
sensitive indicator of liver function and nutritional status.
Prealbumin has a short biological half-life and reflects recent
status, rather in contrast to albumin (7). Thus, prealbumin is a
better indicator of liver function and nutritional status (8).
Several studies (9-15) have linked low serum prealbumin levels
with adverse outcomes in HCC patients after hepatectomy.
However, conflicting results have been obtained regarding the
association of preoperative prealbumin level with overall survival
(OS) (16, 17). Nevertheless, the magnitude of the reported risk
estimates considerably varies among studies.

A previous meta-analysis involving 3,470 patients has evaluated
the prognostic value of prealbumin in liver cancer (18). However,
this well-designed meta-analysis enrolled heterogenous patient
populations, including those undergoing chemotherapy and
molecular targeted therapy. To address these knowledge gaps, we
performed a more focused meta-analysis in the current study to
assess the association of preoperative prealbumin level with adverse
outcomes in HCC patients undergoing hepatectomy.

MATERIALS AND METHODS

Data Sources and Literature Search

This meta-analysis was conducted according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
guidelines (19). Two independent authors comprehensively
searched PubMed, Embase, Wanfang, China Academic
Journals (CNKI), and SinoMed databases up to September 1,
2021. The keywords included: “prealbumin” OR “transthyretin”
AND “hepatocellular carcinoma” OR “hepatocellular cancer” OR
“liver cancer.” The reference lists of related studies were also
manually reviewed for additional studies.

Study Selection

The inclusion criteria were as follows: 1) population: patients with
HCC undergoing hepatectomy; 2) exposure: serum prealbumin
level before surgery; 3) comparison: patients with a lower
prealbumin level versus those with a higher prealbumin level;
outcome measures: overall survival, recurrence-free survival, and
postoperative hepatic insufficiency; 5) study design: prospective or
retrospective cohort studies; and 6) reported multivariable adjusted
risk summary for the outcomes of interest according to the
prealbumin category. The following exclusion criteria were used:
1) patients with a specific type of HCC; 2) patients who did not
receive surgery; 3) risk estimates reported using univariate analysis;
and 4) studies with overlapping patients.

Data Extraction and Quality Assessment

The extracted data included the following: surname of the first
author, publication year, country of origin, study design, number
of patients, percentage of male gender, mean/median age, cutoff

value of low prealbumin, outcome measures, fully adjusted risk
estimate, length of follow-up, and adjustment for confounders.
The methodological quality of the eligible studies was evaluated
with the Newcastle-Ottawa Scale (NOS) (20). A study with a
score of 7 points or over was classified as high quality. Two
independent authors conducted the data extraction and quality
assessment. Any disagreement between these processes was
resolved by mutual consent.

Statistical Analysis

All meta-analyses were performed using the STATA 12.0
(STATA Corp LP, College Station, TX, USA). The impact of
the preoperative serum prealbumin level on adverse outcomes
was estimated by pooling the multivariable-adjusted hazard ratio
(HR) and their 95% confidence interval (CI) for the lowest versus
the highest prealbumin category. Heterogeneity was evaluated
using the Cochrane Q test and I’ statistic. A p-value of <0.10 of
the Cochrane Q test or I” statistic >50% indicated the presence of
significant heterogeneity, and a random effects model was
selected to pool the risk summary. Otherwise, we selected a
fixed effects model if heterogeneity was not found. Leave-one-out
study sensitivity analysis was conducted to investigate the
stability of the pooling results. To identify potential sources of
heterogeneity across studies, subgroup analyses were performed
according to sample size, study design, prealbumin cutoff value,
follow-up duration, and NOS points. Publication bias was
examined using Begg’s test (21) and Egger’s test (22).

RESULTS

Search Results and Study Characteristics
Our literature search identified 1,265 unique publications.
Among them, 1218 were scanned for their titles or abstracts
and 47 were retrieved for full-text evaluation. After applying the
predefined selection criteria, 11 studies (9-14, 16, 17, 23-25)
satisfying our inclusion criteria were finally included in this
meta-analysis (Figure 1).

Table 1 describes the baseline characteristics of the included
studies. A total of 11 studies with 7,442 HCC patients were
identified and analyzed. These studies were published from 2012
to 2021. One study (11) was performed in Japan, and others were
conducted in China. Two studies (12, 13) adopted a prospective
design, and others were retrospective studies. The reported
mean/median age of patients ranged between 49.5 and 69.6
years. The mean/median follow-up duration was from 21 days
to 67.7 months. Seven studies (11, 12, 14, 17, 23-25) reported the
distribution of Child-Pugh classes. Approximately 90% of
patients were grouped into Child-Pugh class A, and only one
study (11) included the Child-Pugh class C. Substantial Child-
Pugh class A patients also had a low prealbumin value (14, 23-
25). Compared with the normal prealbumin group, the low
prealbumin group had a significantly higher incidence of
Child-Pugh grade B (14, 23, 25). Regarding the
methodological quality, all included studies were considered to
be of high quality, with NOS scores ranging from 7 to 8 points.

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 775425


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Fan et al.

Prealbumin and HCC Prognosis

3396 Articlesidentified by PubMed,
Embase CNKI, Wanfang, SinoMed

0 Additional article identified by
manual search

databases searching

|

1265 Records after duplicates removed

Records screened
(n=1265)

foreligibility (n=47)

Full-text articles assessed

analysis (n=11)

Studies included in meta-

FIGURE 1 | Flowchart of the study selection process.

1218 Records  removed after
reviewing titles and abstracts

36 Full-text articles excluded with
reasons: patients with a spedific type
of HCC (n= 3); patients did not
undergo surgery (n= 4); outcome
measures were not of interest(n = 14);
studies did not report risk estimate (n
= 6); reported risk summary by
continuous prealbumin level (n = 2);
studies with overlapped patients (n=
5); review (n=2)

Overall Survival

Ten studies (10-14, 16, 17, 23-25) provided data on the value of
prealbumin level in predicting OS. As shown in Figure 2A, no
significant heterogeneity (I* = 7.1%, p = 0.377) was observed. The
meta-analysis indicated that a higher prealbumin level was
associated with poorer OS (HR = 1.54, 95% CI = 1.42-1.68)
than was a lower prealbumin level in the fixed effects model.
Leave-one-out study sensitivity analysis suggested that the
pooled risk estimates were statistically significant (data not
shown). Additionally, the predictive value of a low prealbumin
level showed no significant alterations in the different sample
sizes, study designs, prealbumin cutoft values, and the follow-up
duration subgroups (Table 2). However, Begg’s test (p = 0.032)
and Egger’s test (p = 0.099) indicated clear evidence of
publication bias. After imputing two potential missing studies,
the pooled HR of OS was 1.53 (95% CI = 1.12-2.09) under trim-
and-fill analysis (Figure 3).

Recurrence-Free Survival

Two studies (10, 23) provided data on the value of prealbumin
level in predicting RFS. Figure 2B shows no significant
heterogeneity (I* = 32.8%, p = 0.222) between studies. The
pooled HR of RFS was 1.34 (95% CI = 1.17-1.52) for the
higher versus lower prealbumin level in the fixed effects model.

Hepatic Insufficiency

Two studies (9, 25) provided data on the value of prealbumin
level in predicting postoperative hepatic insufficiency. As shown
in Figure 2C, there was no significant heterogeneity (I* = 0.0%,
p = 0.406) between studies. The pooled HR of hepatic

insufficiency was 2.21 (95% CI = 1.36-3.60) for the higher
versus lower prealbumin level in the fixed effects model.

DISCUSSION

The current meta-analysis suggested that a low preoperative
serum prealbumin level was independently associated with poor
OS and RFS, as well as increased risk of postoperative hepatic
insufficiency, in HCC patients undergoing hepatectomy. HCC
patients with a low serum prealbumin level after hepatectomy
had approximately 54% and 34% reduced risks of OS and RES,
respectively. Moreover, a low serum prealbumin level was
associated with a 2.21-fold higher risk of postoperative hepatic
insufficiency. These findings indicated that the preoperative
serum prealbumin level may serve as a promising predictor of
adverse outcomes in HCC patients.

Analysis of the serum prealbumin level using continuous
variables also supported its predictive value. A decrease of 0.1 g/L
prealbumin level increased the odds ratio of postoperative liver
function insufficiency to 3.91 (15). Per standard deviation
increase in the prealbumin level was associated with a 23%
lower risk of mortality in HCC patients after hepatectomy
(26). Our subgroup analysis further indicated that prediction
of OS risk using the low prealbumin level appeared to be more
pronounced in studies with a follow-up of >36 months than in
those with <36 months of follow-up. This finding suggested that
the impact of a low prealbumin level on OS tended to be stronger
with increased duration of follow-up.

The serum albumin and prealbumin levels can be used to
reflect the protein nutritional status, inflammatory state, and
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TABLE 1 | Main characteristics of individual studies.

First Country Study Sample Mean/ Child- Low Prealbumin  Outcome Adjustment for covariates Follow- Total
author, size median Pugh albumin cutoff measures: up NOS
year (% male) age class (mg/dl) HR or RR duration
(years) (95% Cl)
Huang  China 427 5.1+ NR NR <17vs. 217 HI: 3.19 Multivariate Cox proportional hazard analysis 21 days 7
etal (9) (84.8) 104 (1.19-8.60)
Zhao China 373 52 25- NR NR <16.2vs. 0S:1.45 Multivariate Cox proportional hazard analysis 60 7
etal (879 81 >15.2 (1.03-2.05) months
(10) RFS: 1.56
(1.18-2.07)
Shimura  Japan 25(88) 69.6 A: NR <11.4vs. OS: 4.84 Multivariate Cox proportional hazard analysis 67.7 7
etal. (655-84) 88%; >11.4 (1.12-20.9) months
(11) B: 8%;
C: 4%
Wen China 613 529+ A 10.9% <12vs.>19 O0S:1.37 Multivariate Cox proportional hazard analysis 23 7
et al. (81.9) 10.4 88.9%; (men); <11 (1.13-1.65) months
(12) B: vs. >17
10.1% (women)
Zhang China 230 516+ NR NR <1563vs. 0S:2.35 Age, sex, alcohol, tobacco, hypertension, >36 7
etal. (83.9) 12.2 >156.3 (1.25-4.39) diabetes, chemotherapy, tumor size, tumor months
(13) number, differentiation, BCLC stage, AFP
Jia, China 526 NR A: 10.3% <18.2 vs. OS: 1.64 Age, sex, tumor size, tumor number, tumor 56 7
2019 (85.6) 94.9%; >18.2 (1.27-2.12)  capsule, albumin, ALT, TB, AFP, AST, months
(14) B: macrovascular invasion, cirrhosis, HBsAg,
51% Child-Pugh, BCLC stage
Lietal. China 1,483 5111 A NR <17 vs. >17 0OS: 1.45 Comorbid illness, ECOG performance status, 67 8
(23) (89 90%; (1.24-1.70)  cirrhosis, portal hypertension, TB, AST, months
B: 10% RFS: 1.28 albumin, AFP, maximum tumor size, tumor
(1.10-1.48) number, vascular invasion, satellites, tumor
differentiation, blood loss, blood transfusion,
major hepatectomy
Lietal. China 2,022 49.5 + A: 10.7% <16.6 vs. 0OS: 1.69 Age, sex, tumor number, tumor size, tumor 37.4 8
(24) (86.0) 1.2 90.1%; >16.6 (1.44-1.98) capsule, HBsAg, cirrhosis, AFP, ALB, AST, months
B: ALT, TB, Child-Pugh, BCLC stage
9.9%
Wang, China 142 NR NR NR <20vs. >20 0S:1.45 Tumor diameter, tumor number, HBsAg, 60 7
2020 (82.4) (0.96-2.17)  cirrhosis, C-reactive protein, CNLC stage months
(16)
Lietal. China 1,356 506+ A NR <17 vs. 217 0OS: 2.50 Sex, comorbid illness, platelets, AST, tumor 3 8
(25) (88.9) 10.6 90.4%; (1.22-5.15)  size, tumor number, vascular invasion, blood  months
B: HI: 1.97 loss, blood transfusion, extent of
9.6% (1.12-3.43) hepatectomy, type of resection, operation
time
Xuetal. China 245 Not A 8.98% <20vs.>20 OS: 1.43 Multivariate Cox proportional hazard analysis 60 7
(17) (88.2)  reported 93.5%; (0.66-1.78) months
B:
6.5%

HR, hazard ratio; RR, risk ratio; Cl, confidence interval; P, prospective; R, retrospective; NR, not reported; HCC, hepatocellular carcinoma; OS, overall survival; RFS, recurrence-free
survival; Hl, hepatic insufficiency; ALT, alanine transaminase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen,; TB, total bilirubin;
ECOG, Eastern Cooperative Oncology Group, AFP, Alpha fetoprotein; CNLC, China Liver Cancer; NOS, Newcastle-Ottawa Scale.

hepatic protein synthesis capability. Serum albumin level is more
commonly used in clinical practice than is the prealbumin level.
However, serum albumin level is often affected by renal function,
hydration, and exogenous supplement of albumin (27). There is
skepticism in using albumin as a nutritional marker because of
its lack of specificity and long half-life of 20 days (28). Serum
prealbumin is recommended as a nutritional biomarker,
particularly in the elderly population (29). The major
advantage of prealbumin as a nutritional biomarker is its short
half-life of 2-3 days and its high specificity and sensitivity in the
assessment of hepatic functional reserve (30, 31). Moreover, the
serum prealbumin level is unaffected by intestinal protein losses

(32). Therefore, prealbumin level is a more reliable and faster
indicator for assessing a patient’s nutritional level. In the
multivariable analysis, the preoperative prealbumin level
independently predicted OS, whereas the albumin level lost its
statistical significance (11, 12, 23, 25). These findings indicated
that the serum prealbumin level may have better predictive value
than does the albumin level in HCC patients. Notably, the above
findings should be interpreted with caution due to the small
number of studies included.

Our meta-analysis highlighted that the determination of
preoperative prealbumin levels can improve the risk stratification
of HCC patients. The identification of HCC patients with a low
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Study %
ID HR (95% Cl) Weight
A.Overall survival
Zhao (2017) —— 1.45(1.03,2.05) 577
Wen (2018) [ 1.37(1.13,1.65) 19.09
Shimura (2018) —&— 4.84(1.12,20.90) 0.32
Li (2019) - 1.45(1.24,1.70) 27.48
Zhang (2019) —_——— 235(1.25,439) 173
Jia (2019) —— 1.64(1.27,212) 10.42
Li (2020) <= 1.69(1.44,1.98) 2697
Wang (2020) —— 1.45(0.96,2.17) 4.1
Li (2021) —_— 250(1.22,5.15) 132
Xu (2021) — 1.43(0.66,1.78) 278
Subtotal (I-squared =7.1%, p = 0.377) O 1.54 (1.42,1.68) 100.00
B.Recurrence-free survival
Zhao (2017) — 1.56 (1.18,2.07) 21.80
Li (2019) <= 1.28(1.10,1.48) 78.20
Subtotal (I-squared = 32.8%, p = 0.222) O 1.34(1.17,1.52)  100.00
C. hepatic insufficiency
Huang (2012) " 3.19(1.19,8.60) 24.26
Li (2021) — 197 (1.12,343) 7574
Subtotal (I-squared = 0.0%, p = 0.406) - 2.21(1.36,3.60) 100.00
T T
0478 1 209
FIGURE 2 | Forest plots showing the pooled hazard ratios (HR) and 95% ClI of overall survival (A), recurrence-free survival (B), and postoperative hepatic insufficiency
(C) for lower versus higher serum prealbumin levels.

prealbumin level may help clinicians estimate the liver function and
nutritional status. HCC patients with a low prealbumin level should
receive close monitoring and active nutritional support.

The current meta-analysis has several limitations. Firstly,
selection bias may have occurred because of the retrospective
nature of most eligible studies. Secondly, single determination of
the prealbumin level rather than a dynamic measurement may have
resulted in the misclassification of patients into categories. Thirdly,
various cutoff values for low level of serum prealbumin were
reported in the included studies, conferring difficulty for clinical
applications. Future studies should further establish the optimal
cutoff value for low level of prealbumin. Fourthly, due to insufficient
data, we failed to perform subgroup analysis according to the
clinicopathologic data, including cirrhosis, C-reactive protein,
Barcelona Clinic Liver Cancer stage, or the alpha fetoprotein level.
Fifthly, the serum prealbumin level may be affected by obstructive

TABLE 2 | Results of subgroup analysis on overall survival.

jaundice, hyperthyroidism, nephritic syndrome, or ulcerative colitis.
Particularly, not all included studies adjusted for the tumor factors
and cirrhosis in their statistical models. The lack of adjustment for
these important confounders may have led to the overestimation of
the predictive value of prealbumin. Finally, apart from one study
(11) originating from Japan, all the included studies were from
China, where there is a predominant hepatitis B virus endemic area,
thereby restricting the generalizability of our study to the West.

CONCLUSION

A low preoperative serum prealbumin level is possibly an
independent predictor of poor survival and postoperative
hepatic insufficiency in HCC patients undergoing hepatectomy.
The serum prealbumin level may be used for the risk

Subgroup No. of studies Pooled hazard ratio
Study design
Prospective 2 1.43
Retrospective 8 1.57
Sample size
<1,000 7 1.50
>1,000 3 1.58
Prealbumin cutoff
<18 mg/dl 7 1.54
>18 mg/dl 3 1.56
Follow-up duration
>36 months 8 1.58
<36 months 2 1.42

95% confidence interval Heterogeneity between studies

1.20-1.72 p=0.107, = 61.5%
1.43-1.73 p =0.508, * = 0.0%
1.32-1.69 p=0.438, ”=0.0%
1.42-1.77 p =0.184, > = 40.9%
1.41-1.69 p=0.158, I’ = 35.4%
1.28-1.90 p=0.824, > =0.0%
1.44-1.73 p =0.669, > = 0.0%
1.19-1.71 p=0.113, * =60.1%
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Filled funnel plot with pseudo 95% confidence limits

theta, filled
o
|

N

s.e. of: theta, filled

FIGURE 3 | Funnel plot showing the impact of a lower prealbumin level on overall survival. The circles alone are real studies; circles enclosed in boxes are “filled” studies.

stratification of HCC patients. However, the current findings
should be interpreted with caution due to the retrospective
nature of most of the eligible studies.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

CM and YL contributed to the study and guaranteed the integrity
of study. YF and YS searched the literature, extracted the data,

REFERENCES

1. Forner A, Reig M, Bruix J. Hepatocellular Carcinoma. Lancet (2018) 391
(10127):1301-14. doi: 10.1016/S0140-6736(18)30010-2

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin
(2021) 71(3):209-49. doi: 10.3322/caac.21660

3. Buonaguro L, Petrizzo A, Tagliamonte M, Tornesello ML, Buonaguro FM.
Challenges in Cancer Vaccine Development for Hepatocellular Carcinoma.
] Hepatol (2013) 59(4):897-903. doi: 10.1016/j.jhep.2013.05.031

4. Asafo-Agyei KO, Samant H. Hepatocellular Carcinoma. Treasure Island (FL:
StatPearls (2021).

5. Chen H, Jia W. Progress in Hepatectomy for Hepatocellular Carcinoma and
Peri-Operation Management. Genes Dis (2020) 7(3):320-7. doi: 10.1016/
j.gendis.2020.02.001

6. Ingenbleek Y, Young V. Transthyretin (Prealbumin) in Health and Disease:
Nutritional Implications. Annu Rev Nutr (1994) 14:495-533. doi: 10.1146/
annurev.nu.14.070194.002431

assessed the study quality, and conducted the statistical analysis.
YF wrote the manuscript. YL revised/edited the manuscript. All
authors contributed to the article and approved the
submitted version.

FUNDING

This work is supported by: 1) Jiangsu Innovative Team Leading
Talent Fund (CXTDC2016006); 2) Jiangsu 333 Talent Fund
(BRA2020016); 3) Sugian Science and Technology Support
Project Fund (S201907); 4) Jiangsu Provincial Key Research
and Development Special Fund (BE2015666); 5) Jiangsu Six
High Peak Talent Fund (WSW-205); and 6) Zhenjiang Key
Research and Development Fund (SH2021038).

~

. Marcason W. Should Albumin and Prealbumin Be Used as Indicators for

Malnutrition? ] Acad Nutr Diet (2017) 117(7):1144. doi: 10.1016/j.jand.2017.04.018

. Beck FK, Rosenthal TC. Prealbumin: A Marker for Nutritional Evaluation.

Am Family Physician (2002) 65(8):1575-8.

9. Huang L, Li ], Yan JJ, Liu CF, Wu MC, Yan YQ. Prealbumin Is Predictive for
Postoperative Liver Insufficiency in Patients Undergoing Liver Resection.
World J Gastroenterol (2012) 18(47):7021-5. doi: 10.3748/wjg.v18.i47.7021

10. Zhao XJ, Jin GZ, Yang N, Dong W, Yang GS. Value of Preoperative
Preaibumin Content in Assessing Long-Term Prognosis of Patients With
Hepatoceilular Carcinoma After Hepatectomy. Acad ] Second Mil Med Univ
(2017) 38(4):463-8. doi: 10.16781/j.0258-879x.2017.04.0463

11. Shimura T, Shibata M, Kofunato Y, Okada R, Ishigame T, Kimura T, et al.
Clinical Significance of Serum Transthyretin Level in Patients With
Hepatocellular Carcinoma. ANZ ] Surg (2018) 88(12):1328-32. doi: 10.1111/
ans.14458

12. Wen X, Yao M, Lu Y, Chen J, Zhou J, Chen X, et al. Integration of Prealbumin

Into Child-Pugh Classification Improves Prognosis Predicting Accuracy in

HCC Patients Considering Curative Surgery. J Clin Transl Hepatol (2018) 6

(4):377-84. doi: 10.14218/JCTH.2018.00004

el

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 775425


https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jhep.2013.05.031
https://doi.org/10.1016/j.gendis.2020.02.001
https://doi.org/10.1016/j.gendis.2020.02.001
https://doi.org/10.1146/annurev.nu.14.070194.002431
https://doi.org/10.1146/annurev.nu.14.070194.002431
https://doi.org/10.1016/j.jand.2017.04.018
https://doi.org/10.3748/wjg.v18.i47.7021
https://doi.org/10.16781/j.0258-879x.2017.04.0463
https://doi.org/10.1111/ans.14458
https://doi.org/10.1111/ans.14458
https://doi.org/10.14218/JCTH.2018.00004
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Fan et al.

Prealbumin and HCC Prognosis

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Zhang L, Chen QG, Li SQ, Zhang J, Min QH, Gao QF, et al. Preoperative
Fibrinogen to Prealbumin Ratio as a Novel Predictor for Clinical Outcome of
Hepatocellular Carcinoma. Future Oncol (2019) 15(1):13-22. doi: 10.2217/
fon-2018-0376

Jia RR, Zhong JH, Huo RR, Su QB, Xiang X, Zhao FL, et al. Correlation
Between Serum Prealbumin and Prognosis of Patients With Hepatocellular
Carcinoma After Hepatectomy. J Surg Oncol (2019) 119(6):794-800. doi: 10.1002/
j50.25378

Shen Y, Shi G, Huang C, Zhu X, Chen S, Sun H, et al. Prediction of Post-Operative
Liver Dysfunction by Serum Markers of Liver Fibrosis in Hepatocellular
Carcinoma. PloS One (2015) 10(10):¢0140932. doi: 10.1371/journal.pone.0140932
Wang ZY. C-Reactive Protein-to-Prealbumin Ratio Predicts Prognoses of
Patients After Curative Resection for Hepatocellular Carcinoma. Master's
thesis of Bengbu Medical College (2020).

Xu XS, Cai PP, Zhang LZ. The Value of Fibrinogen/Prealbumin Ratio in
Predicting the Prognosis of Hepatocelluar Carcinoma After Operation. Mod
Oncol (2021) 29(18):3224-8. doi: 10.3969/j.issn.1672-4992.2021.18.0187
Qiao W, Leng F, Liu T, Wang X, Wang Y, Chen D, et al. Prognostic Value of
Prealbumin in Liver Cancer: A Systematic Review and Meta-Analysis. Nutr
Cancer (2020) 72(6):909-16. doi: 10.1080/01635581.2019.1661501

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP, et al.
The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses
of Studies That Evaluate Health Care Interventions: Explanation and
Elaboration. ] Clin Epidemiol (2009) 62(10):e1-34. doi: 10.1016/j.jclinepi.
2009.06.00650895-4356(09)00180-2

Wells G, Shea B, O'Connell D, Peterson ], Welch V, Losos M, et al. The
Newcastle-Ottawa Scale (NOS) for Assessing the Quality If Nonrandomized
Studies in Meta-Analyses . Available at: http://www.ohri.ca/programs/clinical _
epidemiology/oxford.asp (Accessed September 6, 2021).

Begg CB, Mazumdar M. Operating Characteristics of a Rank Correlation Test
for Publication Bias. Biometrics (1994) 50(4):1088-101. doi: 10.2307/2533446
Egger M, Davey Smith G, Schneider M, Minder C. Bias in Meta-Analysis
Detected by a Simple, Graphical Test. Bmj (1997) 315(7109):629-34. doi:
10.1136/bmj.315.7109.629

LiJD, Xu XF, Han J, Wu H, Xing H, Li C, et al. Preoperative Prealbumin Level
as an Independent Predictor of Long-Term Prognosis After Liver Resection
for Hepatocellular Carcinoma: A Multi-Institutional Study. HPB (Oxford)
(2019) 21(2):157-66. doi: 10.1016/j.hpb.2018.06.1803

Li MJ, Teng YX, Li Q, Xiao XC, Huo RR, Ma L, et al. Serum Prealbumin
Predicts Prgnosis of Hepatetomy in Patients With Hepatocellular Carcinoma.
Chin ] Hepatobiliary Surg (2020) 26(1):27-31. doi: 10.3760/cma.j.issn.1007-
8118.2020.01.007

25. Li JD, Diao YK, Li J, Wu H, Sun LY, Gu WM, et al. Association Between
Preoperative Prealbumin Level and Postoperative Mortality and Morbidity
After Hepatic Resection for Hepatocellular Carcinoma: A Multicenter Study
From a HBV-Endemic Area. Am ] Surg (2021) 221(5):1024-32. doi: 10.1016/
j.amjsurg.2020.08.036

26. Huo RR, Liu HT, Deng ZJ, Liang XM, Gong WF, Qi LN, et al. Dose-Response
Between Serum Prealbumin and All-Cause Mortality After Hepatectomy in
Patients With Hepatocellular Carcinoma. Front Oncol (2020) 10:596691.
doi: 10.3389/fonc.2020.596691

27. Fuhrman MP, Charney P, Mueller CM. Hepatic Proteins and Nutrition
Assessment. | Am Diet Assoc (2004) 104(8):1258-64. doi: 10.1016/
j.jada.2004.05.213

28. Levitt DG, Levitt MD. Human Serum Albumin Homeostasis: A New Look at
the Roles of Synthesis, Catabolism, Renal and Gastrointestinal Excretion, and
the Clinical Value of Serum Albumin Measurements. Int ] Gen Med (2016)
9:229-55. doi: 10.2147/TJGM.S102819

29. Ingenbleek Y. Plasma Transthyretin as A Biomarker of Sarcopenia in Elderly
Subjects. Nutrients (2019) 11(4):895. doi: 10.3390/nu11040895

30. Huang H. An Analysis of Biochemical Parameter for Liver Reserve Function
in Patients With Liver Cancer. ] Oncol (2009) 15(3):232-3.

31. Collins N. The Difference Between Albumin and Prealbumin. Adv Skin
Wound Care (2001) 14(5):235-6. doi: 10.1097/00129334-200109000-00009

32. Takeda H, Ishihama K, Fukui T, Fujishima S, Orii T, Nakazawa Y, et al.
Significance of Rapid Turnover Proteins in Protein-Losing Gastroenteropathy.
Hepatogastroenterology (2003) 50(54):1963-5.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Fan, Sun, Man and Lang. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication in
this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 775425


https://doi.org/10.2217/fon-2018-0376
https://doi.org/10.2217/fon-2018-0376
https://doi.org/10.1002/jso.25378
https://doi.org/10.1002/jso.25378
https://doi.org/10.1371/journal.pone.0140932
https://doi.org/10.3969/j.issn.1672-4992.2021.18.0187
https://doi.org/10.1080/01635581.2019.1661501
https://doi.org/10.1016/j.jclinepi.2009.06.006S0895-4356(09)00180-2
https://doi.org/10.1016/j.jclinepi.2009.06.006S0895-4356(09)00180-2
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.2307/2533446
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1016/j.hpb.2018.06.1803
https://doi.org/10.3760/cma.j.issn.1007-8118.2020.01.007
https://doi.org/10.3760/cma.j.issn.1007-8118.2020.01.007
https://doi.org/10.1016/j.amjsurg.2020.08.036
https://doi.org/10.1016/j.amjsurg.2020.08.036
https://doi.org/10.3389/fonc.2020.596691
https://doi.org/10.1016/j.jada.2004.05.213
https://doi.org/10.1016/j.jada.2004.05.213
https://doi.org/10.2147/IJGM.S102819
https://doi.org/10.3390/nu11040895
https://doi.org/10.1097/00129334-200109000-00009
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Preoperative Serum Prealbumin Level and Adverse Prognosis in Patients With Hepatocellular Carcinoma After Hepatectomy: A Meta-Analysis
	Introduction
	Materials and Methods
	Data Sources and Literature Search
	Study Selection
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Search Results and Study Characteristics
	Overall Survival
	Recurrence-Free Survival
	Hepatic Insufficiency

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


