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Abstract: Objective: To investigate the association between preoperative serum levels of albumin (ALB) and alkaline
phosphatase (ALP) with postoperative outcome in colorectal cancer (CRC) patients. Methods: A thorough literature
search was conducted across Embase, PubMed, and Cochrane Library databases, identifying 20 eligible studies
encompassing 61,296 participants. Studies were primarily observational and case-control in nature, with some
randomized controlled trials also included. The random effects model was utilized to synthesize the effect sizes,
while study quality was appraised using the Newcastle-Ottawa Scale and the Cochrane Risk of Bias Assessment
Tool. Results: Findings revealed that CRC patients with preoperative ALB levels below 3.5 g/dl were at an elevated
risk for postoperative complications (OR = 2.56, 95% CI: 2.12-3.08), increased mortality (OR = 4.54, 95% CI: 2.02-
10.20), and a poorer prognostic survival risk (HR = 2.09, 95% Cl: 1.58-2.77). Additionally, elevated ALP levels were
associated with a higher risk of poor overall survival (HR = 1.67, 95% CI: 1.44-1.94). However, publication bias was
noted in some studies. Conclusion: Preoperative hypoalbuminemia and elevated ALP levels are significantly linked
to adverse postoperative events and reduced survival in CRC patients, suggesting their potential as prognostic

biomarkers.
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Introduction

Colorectal cancer (CRC) is a prevalent malig-
nancy of the gastrointestinal system. Patients
are often in the middle and late stages at the
disease diagnosis, resulting in a poor prognosis
and low survival rate [1]. According to statistics,
by 2020, CRC would rank the third most com-
mon cancer and the second most deadly can-
cer in the world [2, 3]. Early diagnosis and
effective treatment are crucial for improving
the prognosis of patients with CRC [4]. Co-
lonoscopy is widely regarded as the most effec-
tive method of screening for colorectal cancer
due to its high sensitivity and specificity [5].
Despite its effectiveness, the procedure can be
expensive, requires skilled practitioners, and
depends heavily on patient cooperation. Addi-
tionally, advancements in molecular technology
have underscored the importance of other
serological markers such as albumin (ALB) and
alkaline phosphatase (ALP) for managing CRC,

alongside the conventional tumor marker carci-
noembryonic antigen (CEA) [6-8].

ALB, the predominant protein in plasma, not
only reflects the nutritional status of patients
but also plays a critical role in infammatory
response, immune mechanism, and the tumor
microenvironment [9-11]. ALP, an enzyme pres-
ent in various tissues of the human body, and is
elevated in serum during the occurrence and
development of liver diseases, bone diseases,
and certain malignant tumors [12, 13]. In pa-
tients with CRC, an abnormal increase in ALP
level may indicate tumor invasion, metastasis
potential [8]. Therefore, both ALB and ALP are
crucial markers for diagnosing, evaluating the
prognosis, and guiding treatment decisions for
CRC.

Previous studies have demonstrated an as-

sociation between preoperative ALB and ALP
levels with clinical characteristics, treatment
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response, and prognosis of CRC patients.
However, the clinical significance of preopera-
tive levels of ALB and ALP in CRC remains a
topic of debate. This is due to the inconsistency
in findings across studies, which are often lim-
ited by small sample size. As a result, the pre-
dictive value of these biomarkers for patient
outcome remains unclear and requires further
investigation. The objective of this study was to
conduct a systematic review and meta-analysis
to assess the clinical significance of ALB and
ALP in CRC. The goal is to provide clinicians
with more accurate biomarkers to guide diag-
nosis, treatment decision-making, and progno-
sis evaluation of CRC.

Methods

This meta-analysis was conducted in accor-
dance with the PRISMA 2009 Checklist.

Data source

Two researchers, Dafang Xu and Qun Zhao,
independently searched Embase, PubMed, and
Cochrane library for relevant observational and
case-control studies, as well as key random-
ized controlled trials (RCTs), according to a pre-
designed protocol. The clinical significance of
ALB and ALP levels in the severity and progno-
sis of CRC patients was explored by comparing
prognostic data of patients with different le-
vels of ALB and ALP, and by comparing healthy
control and CRC groups. The inclusion criteria
restricted the selection to English-language
articles, and studies involving animal research
were excluded.

For the search strategy, both Embase and
PubMed, as well as the Cochrane Library,
employed a combination of subject words and
free words. Some of the search strategies are
as follows: #1 “colorectal tumor” exp OR
‘colorectal tumor’. #2 “colorectal neoplasm”:
ab (abstract), ti (title). #3 “neoplasm, colorec-
tal”: ab, ti. #4 “neoplasms, colorectal”: ab, ti.
#5 “tumor, colorectal”: ab, ti. #6 “tumors,
colorectal™: ab, ti. #7 “colorectal cancer”: ab, ti.
#8 “cancer, colorectal”: ab, ti. #9 “colorectal
carcinoma”: ab, ti. #10 “carcinoma, colorectal”:
ab, ti. #11 “colorectal carcinomas”: ab, ti. #12
“prognosis”: ab, ti. #13 “survival”: ab, ti. #14
“postoperative”: ab, ti. #15 “albumin’/exp OR
“albumin”. #16 “alkaline phosphatase” exp OR
“alkaline phosphatase”. #17 #15 OR #16. #18
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#12 OR #13 OR #14. #19 #1 OR #2 OR #3 OR
#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
OR. #20 #17 AND #18 AND #109.

Inclusion criteria and exclusion criteria of
study subjects

Inclusion criteria: (1) Published observational
studies, case-control studies and randomized
controlled studies on ALB and ALP levels relat-
ed to the treatment of CRC; (2) Patients with
CRC diagnosed by colonoscopy and pathologi-
cal examination; (3) Studies with definite ALB or
ALP levels reported; (4) Studies with complete
data.

Exclusion criteria: (1) Research on incomplete
data and inability to obtain relevant informa-
tion; (2) In vitro cell experiments, animal ex-
periments; (3) Lack of original data, such as
reviews, meeting abstracts, case reports, let-
ters, and expert consensus; (4) Repetitively
published literature.

Extraction of the main indicators of the study

The ALB level was classified into two groups:
hypoproteinemia (< 3.5 g/dl) and non-hypopro-
teinemia (= 3.5 g/dl). The incidence of postop-
erative complications, survival rate, mortality,
and hazard ratio (HR) of hypoproteinemia on
the prognosis of patients with CRC were extract-
ed. ALP levels in both CRC patients and healthy
individuals, as well as the HR of elevated ALP
levels on the prognosis and survival of CRC
patients were also extracted.

Extraction of other general data for the study

The literature was screened by Dafang Xu and
Qun Zhao to extract the data. Any large differ-
ences in the screening process were resolved
through discussion and negotiation within the
research group. The extracted data included
the country, first author, publication time, study
time, study type, number of patients, patient
characteristics, age, gender, and ALB/ALP level
grouping.

Quality evaluation of included studies

The study quality evaluation was conducted
using the Newcastle-Ottawa Scale (NOS) [14],
which is primarily used for assessing the quali-
ty of observational studies. The quality of the
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included RCTs was evaluated using the Co-
chrane risk bias assessment tool [15]. The
evaluation includes multiple indicators, such as
random sequence generation, allocation con-
cealment, blinding, result data integrity, selec-
tive reporting, and other sources of bias. This
comprehensive evaluation helps to reduce the
impact of bias. Each indicator was assessed
as “low risk”, “uncertain risk”, or “high risk”.
The two researchers jointly conducted a sum-
mary of the bias evaluation of all included RCTs.

Statistical analysis

Statistical analysis was conducted using R
4.3.0 software with the programs of “meta”
and “ggstatsplot”. Continuous variables were
expressed as weighted mean difference (SMD)
and 95% confidence interval (95% CI), and cat-
egorical variables, including dichotomous or
polytomous variables, were represented by
odds ratio (OR) and its 95% ClI. The hypothesis
test used was the H test, expressed as Z value
and P value. A significance level (alpha) of 0.05
was set for hypothesis tests. If the P-value was
less than 0.05, it indicated a significant differ-
ence between groups. The results were pre-
sented using a forest plot.

Heterogeneity analysis

The Q test was used to analyze heterogeneity,
and the results were expressed as the I? value.
AP >0.10 and I> < 50% indicates small hetero-
geneity, and either the fixed effect model (FEM)
or random effect model (REM) can be used to
combine the effect amount. AP < 0.10 and I >
50% suggests heterogeneity, and a REM should
be selected.

Sensitivity analysis

Sensitivity analysis was conducted to evaluate
the stability and reliability of the combined
effect size derived from the meta-analysis.

By systematically removing one study at a time
and recalculating the meta-analytic summary
measure, the influence of each individual study
on the overall result was assessed. If the re-
calculated effects did not significantly deviate
from the original results, the meta-analysis
was considered stable and reliable. Significant
changes upon exclusion of a study indicate
potential issues with robustness, suggesting
the results should be interpreted with caution.
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Publication bias

Publication bias occurs when the likelihood of
publishing research findings is influenced by
the nature and direction of results. Studies
showing significant results are often more likely
to be published than those showing non-signifi-
cant results [16]. To visually assess symmetry
of the studies, a funnel plot was drawn using
the ‘meta’ package of R 4.3.0 software.

Results
Overview of literature retrieval

A search of the Embase database (2,551 arti-
cles), PubMed database (1,920 articles), and
Cochrane Library (141 articles) using the
search strategy of “subject words plus free
words” retrieved a total of 4,612 articles. 496
duplicate studies were identified and removed
using the EndNote software. The initial step
involved removing review articles and case
reports (1,028 articles) as well as irrelevant
studies such as animal experiments and in vitro
cell experiments. This left 28 related studies,
which were then screened again to exclude arti-
cles from which data could not be extracted.
Ultimately, 20 studies were included for this
meta-analysis, involving a total of 61296 sam-
ples (Figure 1).

General characteristics of the included studies

Among the 20 studies that fulfilled the inclu-
sion criteria, most were observational studies,
with a few RCTs. A total of 61,296 samples
were involved. Among them, 11 articles [17-27]
reported ALB level, and 9 articles [28-36]
reported ALP level. All the 11 articles [17-27]
reported the prognostic value of preoperative
ALB level in patients with CRC. Three out of the
9 articles [31, 33, 35] compared the ALP levels
between healthy people and CRC patients, and
the remaining 6 articles [28-30, 32, 34, 36]
reported the effect of different levels of ALP
on the postoperative survival of CRC patients.
Tables 1 and 2 present the main features of the
studies included.

Quality evaluation of the included studies

The quality of observational studies was evalu-
ated using the NOS scale. There were no stud-
ies with a score < 3 points, 9 studies [18, 21-23,
27, 29, 31, 34, 35] were of moderate quality
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Identification of studies via databases and registers

Records identified from

PubMed Embase, Cochrane Library
Databases (n = 3)

Reqisters (n =4612)

] [Idantification ]

| Records screened

case (n=376)
meta (n=285)

(n =4116)

Records screened
{n = 3088)

Screening

—— | invitro cell experiment (n=127)
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—>| Research that cannot extract data

Records removed before screening:
Duplicate records
removed (n =496 )

Records excluded
Review (n=367)

Records excluded
animal experiment (n=1254)

Other unrelated experiments (n=1679)

Records excluded

9.85, P < 0.01), as illustrated
in Figure 2.

Comparison of postoperative
mortality in CRC patients with
different preoperative ALB lev-
els: Four studies [20-23] re-
ported the difference in mor-
tality rate in CRC patients with
ALB levels below and above
3.5 g/dL. The results showed
high heterogeneity among the
included literature (1> = 94%, P

(n=8)

< 0.01), suggesting high het-
erogeneity, and thus a random

(n=28)

Reports of included studies
(n=20)

(included | |

inclusion.

with a score of 4-6 points, and 8 studies [17,
19, 20, 24-26, 33, 36] were of high quality with
ascore of 27 points (Tables 1, 2). The Cochrane
risk bias assessment tool was used to evaluate
the quality of the RCTs involved. Three studies
[28, 30, 32] described a random sequence
generation method with low risk. However, the
specific methods of allocation concealment
and allocation blindness were not clearly de-
scribed, and data integrity was also deemed to
be at low risk. Other potential bias factors were
also low, meeting the requirements of this arti-
cle. The two authors had no disagreement on
the eligibility of the full-text article (Cohen
kappa = 1).

Meta-analysis results

Comparison of postoperative complications
among patients with CRC with different preop-
erative ALB levels: Five studies [19, 22-25]
reported differences in postoperative compli-
cations between CRC patients with ALB levels
below and above 3.5 g/dl. The results showed
moderate heterogeneity (1> = 31%, P = 0.21)
among the included literature, and a random
effect model was applied. After removing the
literature of Lohsiriwat et al. [24], the overall
I value was 0, indicating no heterogeneity.
Therefore, Lohsiriwat et al. [24] was identified
as the source of heterogeneity. The meta-anal-
ysis results indicated that CRC patients with
ALB < 3.5 g/dl were at higher risk of postopera-
tive complications compared to those with ALB
>3.5g/dl (OR = 2.56,95% Cl = 2.12-3.08, Z =
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Figure 1. Flow chart of literature

model was applied. To identify
the source of heterogeneity,
literature was eliminated one
by one for sensitivity analysis.
The results indicated that ex-
cluding the publication of Hu et al. [21] elimi-
nated heterogeneity (I? = 0), thus it was identi-
fied as the source of heterogeneity. The meta-
analysis results suggested that CRC patients
with ALB level below 3.5 g/dl had a higher mor-
tality rate compared to those with ALB levels
higher than 3.5 g/dl (OR = 4.54, 95% Cl = 2.02-
10.20, Z = 3.66, P < 0.01), as illustrated in
Figure 3.

Prognosis for survival in CRC patients with
hypoproteinemia: Five studies [17, 18, 23, 26,
27] investigated the relationship between
hypoproteinemia (generally defined as ALB <
3.5 g/dl) and the prognosis and survival of CRC
patients. The results showed moderate hetero-
geneity among the included literature (1> = 67%,
P = 0.02) among the included studies, thus a
random model was chosen. The results indi-
cated that the elimination of Wang’s literature
[27] resulted in an overall I? of O, indicating no
heterogeneity. Therefore, Wang's literature [27]
was identified as the source of heterogeneity.
The meta-analysis results indicated that CRC
patients with hypoproteinemia (ALB < 3.5 g/dl)
had a poor prognosis, with a combined effect
size HR of 2.09 (95% CI: 1.58-2.77), as shown
in Figure 4.

Comparison of ALP levels between healthy peo-
ple and CRC patients: Three studies [31, 33,
35] compared the ALP levels between CRC
patients and healthy controls, involving a total
of 297 patients with CRC and 169 healthy con-
trols. The studies showed low heterogeneity (12
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Table 1. Basic information of the included literature on the relationship between ALB level and prognosis of CRC patients

Proportion of

First Year of . Number . - Gender Age . . NOS
Country o Type of research  Research time . Patient characteristics g patients with
author publication of patients (male/female) (year) . . grade
hypoalbuminaemia
USA Hu [20] 2016 Retrospective, 2009-2012 18,532 Patients undergoing surgery for Not described Not 27.8% 7
multi-center study colorectal cancer described
China Wang [27] 2015 Retrospective February 340 Patients with stage Il or Ill colorectal 192 (56.5%)/148 59.6 Not described 6
2005-November 2007 cancer who underwent radical resection (43.5%) (26-84)
Thailand  Lohsiriwat 2007 Retrospective study January 84 Patients undergoing right colon cancer 40 (48%)/44 (52%) 64 57% 7
[24] 2004-December 2005 resection (27-89)
China Lai [23] 2010 Retrospective study 1995-2008 6,378 Patients undergoing surgery for colon Not described Not Not described 4
cancer described
Romania lonescu 2013 Perspective study November 2011-July 252 Patients undergoing colorectal cancer Not described Not 28.9% 6
[22] 2012 anastomosis described
England Egenvall 2018 Retrospective study 2007-2010 417 Patients undergoing radical surgery for ~ Not described 69 Not described 5
[18] stage | to lll colorectal cancer
Germany Hardt [19] 2017 Perspective study September 370 Patients who underwent resection of Not described Not 18% 7
2009-December 2014 the rectal adenocarcinoma described
Thailand  Lohsiriwat 2008 Retrospective study 2003-2006 244 Patients undergoing resection of rectal 139 (57%)/105 62 23% 8
[25] adenocarcinoma (43%)
China Sun [26] 2009 Retrospective study January 1367 Patients undergoing surgical treatment 757 (55.4%)/610 66 28.7% 8
1996-December 2006 for colorectal cancer (44.6%)
USA Hu [21] 2019 Retrospective study 2009-2013 30676 Patients undergoing surgery for colorec- Not described Not 17% 6
tal cancer described
USA Cengiz 2006 Retrospective study 1994-2003 99 Patients undergoing surgery for colorec- 62 (62.6%)/37 57.15 Not described 7
[17] tal cancer (37.4%)

Note: CRC, Colorectal Cancer; ALB, Albumin.
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Table 2. Basic information of the included literature on the relationship between ALP level and prognosis of CRC patients

First Year of ) Number ) - Gender NOS
Country L Type of research Research time . Patient characteristics Age (year) ALP group
author  publication of patients (male/female) grade
Switzerland Walach 1991 Case control study Not described 122 Patients with colorectal Not described Not described Not described 4
[35] cancer, classified as Dukes’ A,
B1, B2, Cand D
France Mitry 2004 Analysis of individual data in Not described 602 Patients with advanced 358 (59.5%)/244 50 (24-75) ALP does not exceed /
[32] phase lll clinical trials colorectal cancer treated with  (40.5%) twice the normal
irinotecan range (< 2 N)
Canada Asmis 2011 Phase lll clinical trial (NCIC ~ Not described 572 Patients with advanced 203 (62.1%)/132 Not described The ALP is below or /
[28] CTG C0.17) colorectal cancer (ACRC) (37.9%) above the upper limit
received cetuximab treatment of normal (UNL)
USA Bruckner 2022 Clinical Research Not described 205 Patients with advanced 110 (54%)/95 Not described ALP > 135 IU/L 4
[29] gastrointestinal cancer (46%)
Spain Suérez 2015 Retrospective study February 2003 to 125 Synchronous stage IV colorec- 89 (71.2%)/36 64.9 (33-84) ALP levels were nor- 6
[34] December 2012 tal cancer patients (28.8%) mal and elevated
China Zeng 2023 Retrospective study January 1, 2010 to 85 High grade rectal neuroendo- 50 (58.8%)/35 57.0 ALP > 100.0 U/L 7
[36] April 30, 2022 crine neoplasms patients who  (41.2%) (52.0-66.0)
underwent radical resection
Turkey Gur [31] 2011 Case control study 2008-2009 69 Forty colon cancer patients Not described Not described Health and CRC 6
and 29 healthy volunteers
Belgium Efficace 2006 Prospective Multicenter Not described 299 Patients with advanced 180 (60.2%)/119 61.2 ALP > 300.0 U/L /
[30] Randomized Controlled Trial metastatic colorectal cancer  (39.8%) (23.6-76.1)
Iraq Qader 2021 Case control study Not described 458 Patients with, colorectal Not described Not described Not described 7
[33] cancer, prostate cancer, and

myocardial infarction

Note: CRC, Colorectal Cancer; ALP, Alkaline phospholipase.
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ALB<3.5g/dI ALB23.5g/dI Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Hardt 2017 45 67 163 303 11.2% 1.76 [1.01; 3.07] +
lonescu 2013 20 75 16 177 6.6% 3.66[1.77;, 7.56] +
Lai 2010 149 693 287 3039 73.3% 263[2.11; 3.27]
Lohsiriwat 2008 21 56 40 188 84% 2.22[1.17;, 4.23] ——
Lohsiriwat 2007 14 48 0 36 04% 30.68[1.76; 534.32] :
Total (95% Cl) 939 3743 100.0% 2.56 [2.12; 3.08] ‘
T T 1

Heterogeneity: Tau? < 0.0001; Chi? = 5.83, df =4 (P = 0.21); 1> = 31%
Test for overall effect: Z=9.85 (P < 0.01)

0.01 01 1 10

100

Figure 2. Forest plot of postoperative complications in CRC patients with different preoperative ALB levels. Note:
CRC, Colorectal Cancer; ALB, Albumin.

ALB<3.5g/d| ALBz3.5g/dl Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Hu 2019 98 4305 114 8610 31.2% 1.74[1.32; 2.28]
Hu 2016 316 5146 156 13386 31.7% 5.55[4.57; 6.74]
lonescu 2013 5 75 1 177 9.8% 12.57[1.44; 109.54] —a—
Lai 2010 28 693 17 3039 27.3% 7.48[4.07; 13.75] -
Total (95% ClI) 10219 25212 100.0% 4.54 [2.02; 10.20] -

T T 1

Heterogeneity: Tau? = 0.5277; Chi? = 52.01, df = 3 (P < 0.01); I? = 94%
Test for overall effect: Z = 3.66 (P < 0.01)

0.1 1 10 100

Figure 3. Forest plot of postoperative mortality in CRC patients with different preoperative ALB levels. Note: CRC,
Colorectal Cancer; ALB, Albumin.

Hazard Ratio Hazard Ratio
Study logHR SE Weight IV, Random, 95% CI IV, Random, 95% CI
Cengiz 2006 1.0264 0.3616 10.4% 2.79[1.37;5.67] —
Wang 2015 1.2576 0.2040 18.8% 3.52[2.36; 5.25] ——
Lai 2010 0.5596 0.0851 27.4% 1.75[1.49; 2.08] .—
Egenvall 2018 0.5766 0.2183 17.8% 1.78[1.16; 2.73] ——
Sun 2009 0.5423 0.1119 256% 1.72[1.38; 2.14] = K
Total (95% Cl) 100.0% 2.09 [1.58; 2.77] -
| | |
Heterogeneity: Tau? = 0.0684; Chi® = 12.03, df= 4 (P = 0.02); I°=67%
0.2 05 1 2 5

Figure 4. Forest plot of the prognostic survival of CRC patients with or without hypoproteinemia. Note: CRC, Colorec-

tal Cancer.

=31%, P =0.24), and a REM was used for anal-
ysis. Sensitivity analysis showed that removing
either Qader et al. [33] or GUr et al. [31] eli-
minated heterogeneity, identifying these as
potential sources. The meta-analysis results
indicated that the ALP level in the CRC group
was significantly lower than that in the healthy
control group, with a significant combined
effect size of SMD = 1.07, 95% CI: 0.80-1.34
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and a test statistic (Z = 7.75, P < 0.01), as
shown in Figure 5.

Risk of different degrees of elevated ALP for
the overall survival of patients with CRC: Six
studies [28-30, 32, 34, 36] reported the impact
of different elevated ALP on the prognosis and
survival of CRC patients. The results showed
no heterogeneity among studies (1> = 0%, P =

Am J Transl Res 2024;16(8):3449-3461
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Colorectal carcinoma Healthy control Std. Mean Difference Std. Mean Difference

Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Qader 2021 194.98 113.0500 116 89.06 35.0100 110 47.3%  1.25[0.96; 1.53] i
Gur 2011 278.28 199.4500 40 158.49 38.2300 29 22.9%  0.77[0.27; 1.26] —e——
Walach 1991 122.00 75.0000 122 52.00 26.0000 30 29.7%  1.02[0.60; 1.44] e
Total (95% CI) 278 169 100.0%  1.07 [0.80; 1.34] -
Heterogeneity: Tau? = 0.0191; Chi® = 2.89, df = 2 (P = 0.24): I = 31% T T
Test for overall effect: Z = 7.75 (P < 0.01) -5 -1 -05 0 05 1 15

Figure 5. Forest plot of ALP levels in healthy individuals and CRC patients. Note: CRC, Colorectal Cancer; ALP, Alka-
line phospholipase.

Hazard Ratio Hazard Ratio

Study logHR  SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Efficace 2006 0.4114 0.1493 25.4% 1.51[1.13; 2.02] -
Zeng 2023  1.1155 0.5635 1.8% 3.05[1.01: 9.20] :
Sudrez 2015 0.3235 0.4386 2.9% 1.38[0.58; 3.26] — -
Bruckner, 2022 0.4574 0.1883 16.0% 1.58 [1.09; 2.28] -
Mitry 2004  0.5365 0.1388 29.4% 1.71[1.30; 2.24] -
Asmis 2011 06152 0.1524 24.4% 1.85[1.37; 2.49] -
Total (95% Cl) 100.0% 1.67 [1.44; 1.94] *

| |

Heterogeneity: Tau? = 0; Chi® = 2.36, df = 5 (P = 0.80); 1= 0% ' '

02 05 1 2 5

Figure 6. Forest plot of different levels of elevated ALP for overall survival of CRC patients. Note: CRC, Colorectal

Cancer; ALP, Alkaline phospholipase.

0.80), and thus a fixed model was used for the
analysis. The meta-analysis results indicated a
significantly increased risk of poorer overall
survival for CRC patients with elevated ALP lev-
els, with a combined effect size of HR = 1.67,
95% Cl: 1.44-1.94, as shown in Figure 6.

Literature publication bias

A funnel plot was used to qualitatively evaluate
the publication bias of the included 20 studies.
Ideally, a funnel plot should display a symmetri-
cal funnel shape, with more studies centered
and fewer studies evenly distributed on both
sides. As the size of the study increases, the
standard error decreases, leading to a tighter
clustering of larger study points around the true
effect size estimate at the bottom of the funnel
plot. The data revealed significant asymmetry
in the funnel plot of publications involving post-
operative complications in CRC patients with
ALB < 3.5 g/dl versus those > 3.5 g/dl (Figure
TA), suggesting potential publication bias in the
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five studies [19, 22-25]. Similarly, significant
asymmetry was observed in the funnel plot of
publications analyzing post-treatment morta-
lity in CRC patients with ALB < 3.5 g/dl versus
those > 3.5 g/dl, indicating publication bias in
the four included studies [20-23] (Figure 7B).
However, the funnel plot of publications on
hypoalbuminemia (ALB < 3.5 g/dl) and the
prognosis of CRC patients (Figure 7C) did not
exhibit significant asymmetry, suggesting an
absence of publication bias in the five studies
[17, 18, 23, 26, 27] analyzed. Conversely, the
funnel plot of publications comparing ALP lev-
els between healthy individuals and CRC pa-
tients (Figure 7D) showed significant asymme-
try, indicating publication bias in the three
included studies [31, 33, 35]. No significant
asymmetry was detected in the funnel plot of
publications on overall survival in CRC patients
with varying levels of elevated ALP (Figure 7E),
leading to the conclusion that there was no
publication bias in the six studies [28-30, 32,
34, 36] evaluated.
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Figure 7. Publication bias was assessed by funnel plot. A: Funnel plot of publications reporting postoperative compli-
cations in CRC patients with different preoperative ALB levels; B: Funnel plot of publications reporting postoperative
mortality in CRC patients with different preoperative ALB levels; C: Funnel plot of publications reporting prognostic
survival of CRC patients with different preoperative ALB levels; D: Funnel plot of publications reporting ALP levels
in healthy people and CRC patients; E: Funnel plot of publications reporting different elevated ALP on the overall
survival of CRC patients. Note: CRC, Colorectal Cancer; ALB, Albumin; ALP, Alkaline phospholipase.

Discussion

The objective of this systematic review and
meta-analysis is to examine the clinical impor-
tance of preoperative levels of ALB and ALP in
patients with CRC. Our analysis of the included
studies indicates that preoperative hypoalbu-
minemia (ALB < 3.5 g/dl) is linked to a poor
prognosis in patients with CRC, and elevated
ALP levels are associated with an increased
risk of mortality. These findings offer new bio-
markers for the clinical management of CRC
and could significantly impact treatment deci-
sion-making and prognosis evaluation for pa-
tients.

Preoperative ALB levels and prognosis in CRC
patients

ALB level is a crucial nutritional indicator. Tu-
mor cells often require increased ALB uptake
to maintain their metabolism, leading to a
decrease in ALB retention capacity and hypoal-
buminemia. This study found that CRC patients
with preoperative ALB levels below 3.5 g/dl
had significantly higher rates of postoperative
complications and mortality compared to those
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with normal ALB levels. This finding aligns with
a meta-analysis of the prognostic significance
of the C-reactive protein to albumin ratio (CAR)
in patients with CRC [37]. Both studies agree
that low ALB level is a risk factor for poor prog-
nosis in patients with CRC. However, in a sys-
tematic review and meta-analysis conducted by
Christina et al. [38] involving seven observa-
tional studies with a total of 236,480 individu-
als, they demonstrated that preoperative hypo-
albuminemia was not associated with 30-day
mortality; this discrepancy could be attributed
to differences in sample size and the duration
of follow-up. In our study, only four articles were
included, with a sample size of 25,431 cases.
The smaller sample size in our study may have
an impact on the statistical power of detect-
ing significant associations. Furthermore, it is
important to consider the follow-up period.
Christina et al. concentrated on short-term out-
come (30-day mortality), whereas our study
assessed long-term outcome. The effect of hy-
poalbuminemia on mortality may become more
pronounced over time, which may explain the
differences in findings. Hypoalbuminemia usu-
ally indicates poor nutritional status, which can
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impair postoperative immune function and
increase the risk of complications including
postoperative infection, anastomotic leakage,
and intestinal obstruction [39-41]. Further-
more, hypoalbuminemia may be associated
with the invasiveness and metastatic potential
of tumors, promoting tumor spread and increas-
ing the likelihood of recurrence [42]. The study
found that patients with hypoalbuminemia had
significantly shorter prognostic survival, which
may be attributed to the more malignant bio-
logical behavior of tumors. Therefore, the pre-
operative albumin level may serve as a useful
indicator for evaluating the prognosis of pa-
tients with CRC. This information can help clini-
cians better assess the risk to patients be-
fore surgery and make personalized treatment
decisions.

Association between ALP levels and CRC

ALP is an enzyme found in various human tis-
sues, especially in the liver and bones [43].
Raised ALP levels may be seen in liver diseases
such as gallstones, primary liver or bile duct
tumors and metastatic liver tumors [44, 45].
Recent studies suggest that ALP can halt
inflammatory signal transduction and induce
inhibitory immune response by regulating pu-
rine signaling [46]. ALP is implicated in the reg-
ulation of tumor growth [47]. However, there is
a limited number of studies comparing ALP
levels between healthy individuals and CRC
patients, which restricts a full understanding of
ALP’s role in CRC. In studies where compari-
sons exist, ALP levels were found to be signifi-
cantly elevated in patients with CRC compared
to healthy controls. This aligns with ALP’s in-
volvement in bone metastasis and liver dys-
function, both of which affect the prognosis of
CRC patients. Elevated ALP levels may indicate
liver dysfunction and possibly be related to liver
metastases, serving as a significant prognostic
factor in CRC patients.

A previous study analyzed 2,790 CRC patients
and found that ALP, CEA, and CA125 were in-
dependent risk factors for CRC bone metasta-
sis [48]. A retrospective study [49] analyzed
10,800 CRC patients with TNM stage I-IV who
underwent surgical treatment and found that
patients with elevated ALP levels had a lower
5-year OS rate than those with normal preop-
erative ALP levels. This suggests that ALP may
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be a risk prognostic factor for CRC. A study of
239 patients with metastatic CRC found that
ALP was a prognostic factor for overall survival
and a predictor of progression-free survival in
patients receiving first-line chemotherapy [50].
In a retrospective study of 105 CRC patients
[51], elevated ALP levels were associated with
higher TNM staging, especially in patients with
liver metastases; those with elevated ALP lev-
els during their last visit had a 5.7 times higher
likelihood of poor outcome than those with nor-
mal ALP levels. In our study, elevated ALP levels
were consistently associated with poorer out-
come in CRC, highlighting its use as a biomark-
er for evaluating prognosis, particularly in the
context of liver and bone metastasis.

Study heterogeneity

In assessing the heterogeneity of studies com-
paring alkaline phosphatase (ALP) levels bet-
ween healthy individuals and colorectal cancer
(CRC) patients, several factors contributed to
the variability and potential biases observed.
First, it is necessary to note that different stud-
ies may use varied techniques for measuring
ALP levels, leading to potential inconsistencies.
Variations in sample handling, processing, and
the specific protocols followed by different lab-
oratories may have introduced discrepancies in
the results. Second, the selection criteria for
research subjects differed between studies.
For instance, Qader et al. [33] reported that
ALP level was significantly higher in patients
with CRC and prostate cancer (PCa) than in the
control population. However, the study involved
multiple cancer types, which may have affected
the interpretation of the data and the com-
parison of ALP levels. It is beyond dispute that
ALP levels may be influenced by a plethora of
factors, including liver and bone diseases,
which are more prevalent in CRC patients.
Furthermore, it is noteworthy that the study of
Gur et al. [31] compared only the ALP levels of
40 CRC patients and 29 healthy volunteers.
The sample size was relatively small, which may
have introduced some bias, potentially affect-
ing the stability and generalizability of the
results. Consequently, these findings must be
meticulously elucidated, and the relationship
between ALP levels and CRC may be more intri-
cate than currently perceived. As ALB and ALP
levels may be influenced by various factors,
multivariate analysis should be considered in
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future research to control potential confound-
ing factors and provide more accurate risk
assessment. Consequently, further studies are
required to substantiate its clinical significance
and to elucidate the biological mechanism
before ALP can be employed as a prognostic
biomarker for CRC.

Limitations of the study

While this study presents compelling evidence
for the clinical relevance of preoperative ALB
and ALP levels in CRC, there are still some
limitations. First, the included studies vary in
design, sample size, and patient selection crite-
ria, which may impact the stability and gene-
ralizability of the findings. Second, publication
bias may have led to the exclusion of studies
with negative or unpublished results. Further-
more, the analysis may be affected by potential
confounding factors due to the lack of raw data.

To improve accuracy, future studies should con-
sider using a larger sample size and a prospec-
tive study design to assess the relationship
between preoperative ALB and ALP levels with
the prognosis of CRC.

Conclusion

Preoperative ALB and ALP levels have impor-
tant clinical significance in the prognosis evalu-
ation for patients with CRC. Hypoalbuminemia
and elevated ALP levels are linked to a poor
prognosis in CRC patients. The evaluation of
these biomarkers may help clinicians better
assess the risk of patients before surgery and
guide personalized treatment decisions. How-
ever, further high-quality studies are required
to confirm these findings and to explore their
clinical application.
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