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Abstract: Post-operative inflammation in cancer patients can be modulated by drugs and diets, but evidence on its prognostic role, 
which would be crucial for personalized treatment and surveillance schemes, remains rather limited. We aimed to systematically 
review and meta-analyse studies on the prognostic value of post-operative C-reactive protein (CRP)-based inflammatory biomarkers 
among patients with colorectal cancer (CRC) (PROSPERO#: CRD42022293832). PubMed, Web of Science and Cochrane databases 
were searched until February 2023. Studies reporting associations between post-operative CRP, Glasgow Prognostic Score (GPS) or 
modified Glasgow Prognostic Score (mGPS) with overall survival (OS), CRC-specific survival (CSS) and recurrence-free survival 
(RFS) were included. Hazard ratios (HRs) with 95% confidence intervals (CIs) for the predictor-outcome associations were pooled 
using R-software, version 4.2. Sixteen studies (n = 6079) were included in the meta-analyses. Elevated post-operative CRP was 
a predictor of poor OS, CSS and RFS compared with low CRP levels [HR (95% CI): 1.72 (1.32–2.25); 1.63 (1.30–2.05); 2.23 (1.44– 
3.47), respectively]. A unit increase in post-operative GPS predicted poor OS [HR (95% Cl): 1.31 (1.14–1.51)]. Moreover, a unit 
increase in post-operative mGPS was associated with poor OS and CSS [HR (95% Cl): 1.93 (1.37–2.72); 3.16 (1.48–6.76), 
respectively]. Post-operative CRP-based inflammatory biomarkers have a significant prognostic role for patients with CRC. 
Prognostic value of these easy-to-obtain routine measurements thereby seems to outperform most of the much more complex 
blood- or tissue-based predictors in the current focus of multi-omics-based research. Future studies should validate our findings, 
establish optimal time for biomarker assessment and determine clinically useful cut-off values of these biomarkers for post-operative 
risk-stratification and treatment-response monitoring. 
Keywords: C-reactive protein, survival, assess, risk-stratification, treatment-response

Introduction
Colorectal cancer (CRC) remains the second most common cause of cancer death worldwide despite improvements in 
early detection, surgical techniques, and chemoradiotherapy.1 Prognosis most strongly depends on stage at diagnosis, 
with 5-year relative survival ranging from above 90% for stage I to less than 20% for stage IV cancers.2 However, 
evidence on prognostic factors besides and within stages, which would be crucial for personalized treatment and 
surveillance schemes, remains rather limited.

CRC prognosis is strongly linked to host inflammatory response at both tumor micro-environment and systemic 
levels.3,4 In recent years, an increasing number of studies have reported post-treatment inflammatory blood biomarkers to 
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be predictive of CRC outcomes.5–12 While inflammation can be reduced by anti-inflammatory drugs13–15 and diets with 
low dietary inflammation scores,16–18 comparative and integrative evaluation of clinical relevance of post-operative 
inflammatory response is limited due to heterogeneity in key design features of pertinent studies, such as selection of 
inflammatory markers, definition of cut-offs, timing of blood draw, length of follow-up, specific survival endpoints 
assessed and covariates adjusted for.

The most widely reported inflammatory marker in cancer research is C-reactive protein (CRP), whose analysis in 
cancer monitoring is routine, relatively cheap, and simple.19 Serum CRP has been reported as a useful CRC prognos
ticator, either alone or in combination with albumin as is the case with the Glasgow Prognostic Score (GPS) and the 
modified Glasgow Prognostic Score (mGPS).20 High GPS and mGPS are reflective of an elevated inflammatory response 
and poor nutritional state.21 In this systematic review and meta-analysis, we aim to evaluate and summarize the evidence 
on the prognostic value of post-operative serum CRP-based parameters (CRP, GPS and mGPS) among CRC patients with 
respect to various survival outcomes.

Materials and Methods
The protocol of this systematic review was registered in the international prospective register of systematic reviews 
(PROSPERO, registration no. CRD42022293832). For the systematic review, the Preferred Reporting Items for 
Systematic Reviews and Meta-analysis (PRISMA) guidelines were followed and presented in the Supplementary 
Material “Prisma Checklist”.22 For meta-analysis, the Meta-analyses of Observational Studies in Epidemiology 
(MOOSE) guidelines were followed.23

Search Strategy and Data Extraction
The targets for this review were original observational studies focusing on post-operative serum CRP-based para
meters (CRP, GPS and mGPS) as predictors of survival outcomes among patients with CRC. The outcomes of interest 
were overall survival (OS), CRC-specific survival (CSS) and recurrence-free survival (RFS). Unpublished studies, 
abstracts, reviews, dissertations, theses, editorials, study protocols, clinical guidelines, commentaries, and letters were 
excluded. We further excluded studies that did not have details of CRP-based biomarker measurement times with 
respect to surgery, reported exposure-outcome associations based on pre-operative CRP-based biomarkers, did not 
report on any of the survival outcomes of interest, or had patients who did not undergo surgical treatment for CRC. 
Studies were included in a meta-analysis if they had reported hazard ratios (HRs) and 95% confidence intervals (CIs) 
for the associations between post-operative serum CRP-based parameters and any of the listed CRC outcomes of 
interest.

Systematic searches were conducted using Medline (PubMed interface), the Cochrane Central Register of Controlled 
Trials (CENTRAL), and ISI Web of Science databases from inception until February 2023. Non-English publications 
were excluded. The EndNote software version 9 was used for reference management. Two researchers (T.G and A.Z) 
with the help of a librarian conducted the searches and screened studies for review inclusion. The PRISMA study flow 
diagram is provided in Figure 1 and the search strings are given in Supplementary Table 1. For database searches, we 
used medical subject headings (MeSH), free-text words, synonyms, and related terms for the concepts “colorectal 
neoplasm”, “serum inflammatory marker”, “post-operative”, “prognosis” and “survival”.

From included studies, two researchers (T.G, A.Z) independently extracted the following data: first author, 
publication year, country, number of participants, cancer stage, cancer site, sex, mean/median age, time of blood sample 
collection, predictor serum marker, CRC prognostic outcomes, hazard ratios (HRs) and 95% confidence intervals for the 
predictor-outcome associations. When possible, the most adjusted estimates of HRs were extracted. Disagreements 
arising after independent data extraction were resolved by further review and discussion in consultation with all authors. 
For studies that did not report on any of the predefined data domains, contacts were made to request for the additional 
details from the corresponding authors.
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Assessment of Study Quality
The Quality In Prognosis Studies (QUIPS) tool was independently used by two researchers (T.G, A.Z) to assess the risk of bias for 
individual studies.24,25 Studies were judged as of low, moderate or high risk of bias based on six domains of study participation, 
attrition, prognostic factor measurement, outcome measurement, confounding, and statistical analysis and reporting. In cases of 
critical point disagreements between the two researchers, consensus was reached by further discussion among all authors.

Statistical Analyses
For a given predictor, meta-analysis was conducted if at least two studies reported on the predictor-outcome association. 
Random effects meta-analysis was applied on the corresponding HRs using the inverse variance method for pooling. For 
the meta-analyses, the values of the predictor variables were categorized as shown in Supplementary Table 2. The HRs of 
the individual studies and the pooled HR were visualised in forest plots. The restricted maximum likelihood estimator 
was used for estimation of the between-study variance τ2. The I² statistic, expressing the percentage of total variability 
due to study heterogeneity, was calculated. Testing for heterogeneity was performed using Cochran’s Q-test. Where 
possible, publication bias was assessed using Egger`s linear regression test of funnel plot asymmetry. In addition, 
sensitivity analyses were conducted by assessing the effect of time of blood collection on prognostic associations and 
excluding studies that had not adjusted for key covariates (age and stage). All statistical analyses were conducted with 
R-software 4.2 using the package “meta”, version 5.5.26 All p-values were two-sided, and significance level was set 
at 0.05.
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Figure 1 PRISMA flow chart.
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Results
Literature Search
The PRISMA flow diagram for study selection is depicted in Figure 1. A total number of 9242 individual studies were 
reviewed, and of those, 89 were considered in the full-text screening. In addition, by examining the reference lists of 
included studies, we identified two additional studies that were not captured through the initial search strategy. A list of 
studies excluded in the full-text selection and the respective exclusion criteria can be found in Supplementary Table 3.

Study Characteristics
General information about the included studies is provided in Table 1. A total of 19 studies were included in the 
systematic review, with sample sizes ranging from 147 to 813 and a total number of 6895 patients. Eight studies were 
conducted in the United Kingdom (UK),27–34 six in Asia,21,35–39 one in the United States40 and the rest originated from 
the European region.41–44 Twelve studies used serum CRP levels as a prognostic predictor, five used GPS and four used 
mGPS for prognostication. In six studies, blood samples for laboratory analysis were collected within a week after 
surgery, while in ten studies blood samples were collected between one and six months after surgery. For prognostic 
analysis, most of the studies where blood samples were taken one or more months after surgery used cut-off points of 
10 mg/L and 35 g/L for CRP and albumin, respectively. Much higher cut-offs for CRP (mostly >150 mg/L, range 150 to 
170 mg/L) and a lower cut-off for albumin (25 g/L) were used in the studies collecting blood samples within a week after 
surgery. Eleven studies adjusted for at least age and cancer stage (TNM or Duke`s). Supplementary Table 4 shows other 
covariates adjusted for in the included studies such as sex, comorbidities, surgical procedure, use of neoadjuvant/adjuvant 
therapy, and surgical complications. Quality assessment results based on QUIPS are reported in Supplementary Table 5 
and presented in Figure 2. High risk of bias was observed for the domain of study confounding in five studies.21,33,35,36,39

C-Reactive Protein and CRC Prognostic Outcomes
Results of studies investigating the association between post-operative CRP and survival showed that elevated CRP was 
a significant predictor of poor OS, CSS and RFS compared with low CRP levels [HR (95% CI): 1.72 (1.32–2.25); 1.63 
(1.30–2.05); 2.23 (1.44–3.47), respectively] (Figure 3). Substantial heterogeneity was observed in the meta-analysis of 
nine studies on the association between CRP and OS (I2 = 70%, p < 0.01) (Figure 3A). Therefore, sensitivity analyses 
were conducted to investigate the sources of heterogeneity. The pooled result of five studies28,40–43 investigating the 
relationship between CRP assessed within four weeks to four months post-operatively (cut-off = 10mg/L) and OS 
showed more than 2-fold hazard ratio for those above the cut-off (HR, 95% CI: 2.24, 1.45–3.44) (Figure 4A). 
Considerable heterogeneity (I2 = 69%, p < 0.01) was observed for this meta-analysis. When restricting the analysis to 
the three studies that had adjusted for age and cancer stage, an even stronger association with no heterogeneity was 
observed (adjusted HR, 95% CI: 2.40, 1.60–3.61) (Figure 4B). Meta-analysis for three studies on the association between 
CRP assessed within a week after surgery (cut-off range = 150–170mg/L) and OS also showed a significant albeit weaker 
association (HR, 95% CI: 1.50, 1.12–2.01) (Figure 4C). For this meta-analysis, the percentage of between-study 
heterogeneity was 39% and only one study adjusted for age and cancer stage.32 Notably, the association was much 
stronger in that single study (adjusted HR, 95% CI: 2.14, 1.34–3.41) than in the two studies without such adjustment.

The pooled result of two studies showed approximately 2-fold higher risk for poor CSS among patients whose CRP 
assessed at four months post-operatively was above 10mg/L (HR, 95% CI: 1.93, 1.34–2.79) (Figure 4D). A weaker but 
significant relationship between CRP and CSS was also seen in the meta-analysis of four studies that assessed CRP 
within one week post-operatively (cut-off range = 150–170mg/L) (HR, 95% CI: 1.52, 1.16–1.97) (Figure 4E). One of 
these studies by McSorley et al adjusted for multiple covariates including sex, tumor-node-metastasis (TNM) stage and 
surgical complications.32

Glasgow Prognostic Score and CRC Prognostic Outcomes
Meta-analysis of two studies33,34 investigating the relationship between GPS determined within a week post-operatively 
and OS showed approximately 30% higher risk for poor OS for each unit increase in GPS (HR, 95% CI: 1.31, 1.14–1.51) 
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Table 1 Characteristics of Included Studies

Study Population Exposure/Predictor Outcomes: HR (95% CI)a Covariates 
Adjustment

First 
Author, 
Year, Ref

Country N Cancer Site/ 
Stage

Sex (F %) Mean Blood 
Sampling Time 
After Surgery

Biomarker 
(CRP/Albumin 
Cut-off, mg/L)

% > Cut-off Overall 
Survival

Cancer 
Specific 
Survival

Recurrence 
Free 

Survival

Age and 
Stage

Wigmore, 

200127,b

UK 202 CRC, Duke`s 

A - D

52.5 3 months CRP (5) 11.4 NR NR NR Y

McMillan, 

200320

UK 174 CRC, Duke`s 

A - C

51 4 months CRP (10) 17.5 3.72  

(2.04–6.79)

2.75  

(1.28–5.91)

NR Y

Crozier, 

200729

UK 180 CRC, I–III 45 2 days CRP (163) 50 1.29  

(0.77–2.16)

1.33  

(0.65–2.74)

NR N

Leitch, 

200730

UK 149 CRC, I–IV 45.6 NR mGPS (10/35) mGPS1 (32.2) 

mGPS2 (8.7)

2.08  

(1.32–3.28)

2.21  

(1.11–4.41)

NR Y

Guthrie, 

201331

UK 206 CRC, I–IV 42 3.5 months† mGPS (10/35) mGPS1 (9.0) 

mGPS2 (23.0)

NR 3.31  

(2.15–5.09)

NR N

Shibutani, 

201535

Japan 254 CRC, II–III 45.3 29 days† GPS (10/35) GPS1 (19.0) 

GPS2 (3.4)

1.98  

(0.93–4.21)c
NR NR N

McSorley, 

201632

UK 377 CRC, 0 – III 45 4 days CRP (150) 38.7 2.14  

(1.34–3.41)

2.00  

(1.17–3.59)

NR Y

Watt, 

201733,d

UK 813 CRC, 0 – III 45.5 3 days CRP (150) 50.1 1.41  

(1.12–1.78)

1.31  

(0.96–1.79)

NR N

GPS (150/25) GPS1 (27.5) 
GPS2 (22.7)

1.27  
(1.10–1.47)

1.20  
(0.99–1.46)

4 days CRP (150) 29.8 1.33  
(1.02–1.74)

1.31  
(0.93–1.84)

NR N

GPS (150/25) GPS1 (14.2) 
GPS2 (15.6)

1.21  
(1.03–1.42)

1.22  
(0.99–1.50)

Yamamoto, 
201836

Japan 406 CRC, I–IV 39.9 1 week CRP (170) 23.2 NR NR NR N

(Continued)
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Table 1 (Continued). 

Study Population Exposure/Predictor Outcomes: HR (95% CI)a Covariates 
Adjustment

First 
Author, 
Year, Ref

Country N Cancer Site/ 
Stage

Sex (F %) Mean Blood 
Sampling Time 
After Surgery

Biomarker 
(CRP/Albumin 
Cut-off, mg/L)

% > Cut-off Overall 
Survival

Cancer 
Specific 
Survival

Recurrence 
Free 

Survival

Age and 
Stage

Zhou, 
201837,e

China 516 CRC, I–IV 35.9 1 month GPS (10/35) NR 1.66  
(0.98–2.80)

NR NR Y

mGPS (10/35) NR 1.76  
(1.05–2.95)

Matsubara, 
201938

Japan 467 CRC, I–III 46 1 week CRP (9) 17.6 NR NR 2.07  
(1.04–3.96)

Y

Hermunen, 
202041

Finland 147 CRC, II–IV 49 48 days† CRP (10) 11.6 2.49  
(0.95–6.51)

NR 2.53  
(1.10–5.81)

Y

McSorley, 
202034

UK 544 CRC, 0 – III 45.8 3 days GPS (150/25) GPS1 (14.6) 
GPS2 (15.0)

1.39  
(0.92–2.12)

NR NR N

Osterman, 
202042

Sweden 416 Colon, I–III 50 10 weeks CRP (10) 19.0 2.2 (1.3–3.6) NR 1.8 (0.9–3.9) Y

Son, 202021 South 
Korea

769 CRC, I–III 36.8 31 days mGPS (10/35) mGPS1 (15.8) 
mGPS2 (4.9)

2.32  
(1.38–3.90)f

NR NR N

Hua, 202140 USA 306 CRC, II–III 51 NR CRP (10) 19.0 1.36  
(1.12–1.66)

1.75 (1.2–2.56) NR Y

Lehtomäki, 
202143

Finland 147 CRC, II–IV 49 48 days† CRP (10) 12.0 3.16  
(1.20–8.27)

NR 2.12  
(0.79–5.72)

Y

Li, 202139,g China 208 CRC, I–III 58.7 NR GPS (10/35) GPS1 (23.6) 

GPS2 (19.2)

NR NR NR N

Wesselink, 

202144

Netherlands 614 CRC, I–III 33 174 days† CRP (NA) NA 1.15  

(0.98–1.35)

NR 1.34  

(1.16–1.55)

Y

Notes: †Median value was reported. aGPS/mGPS hazard ratios are per unit increase unless otherwise stated. bStudy was not included in meta-analyses because authors did not report HRs. cHazard Ratio was for GPS1&2 vs GPS0. dCRP and GPS used the 
meta-analyses were assessed on day 3 and day 4 after surgery, respectively. eStudy also reported HRs (95% CIs) for associations of progression free survival per unit increase of mGPS and GPS [1.16 (0.79–1.71) and 1.21 (0.83–1.77), respectively]. fHazard 
Ratio is for mGPS2 vs mGPS0. Authors also reported HR for mGPS1 vs mGPS0 [1.35 (0.92–1.96)]. gStudy was not included in meta-analyses; authors log2 transformed CRP values for their Cox regression model. Hazard Ratio for this study refer to 
doubling of CRP values. 
Abbreviations: Ref, reference; %, percentage (proportion of patients categorized as having elevated inflammatory response); CRC, colorectal cancer; N, sample size; F, female; CRP, c-reactive protein; GPS, Glasgow Prognostic Score; mGPS, modified 
Glasgow Prognostic Score; NR, not reported; NA, not applicable; Y/N, yes/no; HR, hazard ratio; CI, confidence interval; UK, United Kingdom; USA, United States of America.
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(Figure 5A). Two other studies investigating the association between GPS measured four weeks after surgery suggested 
a stronger association with OS, but results could not be combined in a meta-analysis because of different coding of GPS 
in the analysis. One study37 reported an adjusted HR (95% CI) of 1.66 (0.98–2.80) per unit increase in GPS while the 
other one35 reported a HR (95% CI) of 1.98 (0.93–4.21) comparing combined GPS 1 and 2 with GPS 0 without 
controlling for any covariates.

Modified Glasgow Prognostic Score and CRC Prognostic Outcomes
Meta-analysis of two studies30,37 investigating the relationship between mGPS determined ≥ four weeks post-operatively 
and OS showed approximately 2-fold higher risk for poor OS for each unit increase in mGPS among patients with CRC 
(adjusted HR, 95% CI: 1.93, 1.37–2.72) (Figure 5B). Pooled results of two studies30,31 investigating the relationship 
between mGPS assessed ≥ four weeks after surgery and CSS showed a particularly strong association per unit increase in 
mGPS [HR (95% CI): 3.16, 1.48–6.76] (Figure 5C). Both studies were from the UK but one study30 adjusted for at least 
age and cancer stage.

Discussion
To the best of our knowledge, this is the first systematic review and meta-analysis evaluating the prognostic value of 
CRP-based post-operative inflammatory response and CRC survival. Our results show substantially increased risk for 
poor survival among patients with elevated CRP, GPS and mGPS measured four or more weeks after surgery.

Epidemiological studies have recently shown that CRP, GPS and mGPS are significant predictors of survival in 
different cancers including CRC.45,46 Although the exact mechanisms on how CRP and albumin are linked to CRC 
prognosis after surgery are elusive, post-operative tissue injury, infection, or residual tumor cells have been reported to 
induce immune-cell-mediated acute or chronic inflammation.47,48 Activation of immune cells promotes release of several 
pro-inflammatory cytokines, such as interleukin-6 (IL-6), IL-1, and tumor necrosis factor α (TNF-α).49 In addition, pro- 
inflammatory diets may increase serum levels of IL-6, CRP and TNF-α particularly for CRC patients with a low count of 

Figure 2 Graphical presentation of quality assessment of 19 studies included in the systematic review (QUIPS risk of bias assessment).
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Figure 3 Meta-analysis of studies on the association between post-operative C-reactive protein with overall survival (A), CRC-specific survival (B) and recurrence-free 
survival (C) among patients with colorectal cancer. (A): Hazard ratio of CRP on overall survival; N/events = 3174/1033. (B): Hazard ratio of CRP on CRC-specific survival; 
N/events = 1850/352. (C): Hazard ratio of CRP on recurrence-free survival; N/events = 1177/228.
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Figure 4 Sensitivity meta-analysis of studies on the association between post-operative C-reactive protein with overall survival (A–C) and CRC-specific survival (D and E) 
among patients with colorectal cancer. (A): Hazard ratio of overall survival predicted by CRP (cut-off = 10mg/L) assessed ≥4 weeks post-operatively; N/events = 1190/428. 
(B): Hazard ratio of overall survival predicted by CRP (cut-off = 10mg/L) assessed ≥4 weeks post-operatively for studies that controlled for age and cancer stage; N/events = 
710/275. (C): Hazard ratio of overall survival predicted by CRP (cut-off range = 150–170mg/L) assessed ≤1 week post-operatively; N/events = 1270/478. (D): Hazard ratio 
of CRC-specific survival predicted by CRP (cut-off = 10mg/L) assessed ≥4 weeks post-operatively for studies that controlled for age and cancer stage; N/events = 480/94. 
(E): Hazard ratio of CRC-specific survival predicted by CRP (cut-off range = 150–170mg/L) assessed ≤1 week post-operatively; N/events = 1776/340.
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tumor-infiltrating lymphocytes.18 In liver hepatocytes, pro-inflammatory cytokines induce CRP production while sup
pressing albumin production. Elevated CRP increases expression of oncogenes resulting in DNA damage, impaired 
immune function, cell proliferation, angiogenesis, apoptotic resistance, tumor growth, invasion, and progression.50 On 
the other hand, hypoalbuminemia may reduce tolerance to anticancer drugs and therefore increase therapeutic toxicity.51 

Given this background, it seems plausible that post-operative serum CRP and albumin may be valuable prognosticators 
for CRC patients undergoing potentially curative resection.

Our meta-analyses suggest that CRC patients with elevated serum CRP levels (≥10mg/L) four or more weeks after 
surgery have an increased risk for poor prognosis compared with patients who have normal CRP levels (<10 mg/L). CRP 

Figure 5 Meta-analysis of studies on the association of the Glasgow Prognostic Score with overall survival (A), and the modified Glasgow Prognostic Score with overall 
survival (B) and cancer-specific survival (C) among patients with colorectal cancer. (A): Hazard ratio of overall survival per unit increase in GPS assessed ≤1 week post- 
operatively; N/events = 1357/408. (B): Hazard ratio of overall survival per unit increase in mGPS assessed ≥4 weeks post-operatively; N/events = 665/126. (C): Hazard ratio 
of cancer specific survival per unit increase in mGPS assessed ≥4 weeks post-operatively; N/events = 355/49.
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assessments done within a week after surgery also showed associations with survival, but such associations were reported 
for much higher CRP elevations (≥150 mg/L) and summary estimates of HRs from meta-analyses were lower than those 
for CRP measurements done four or more weeks after surgery. Higher CRP levels within a week after surgery may 
predominantly reflect consequences of surgical stress and wound healing, which may be overcome to a large extent after 
four weeks. Consequently, inflammatory biomarkers assessed within four weeks after surgery may be less predictive of 
long-term prognosis than CRP elevations beyond this period.

GPS and mGPS are metrics based on a combination of the acute phase proteins CRP and albumin, which are 
reflective of an individual’s immune and nutritional status. Elevated GPS and mGPS reflect abnormally high CRP and/or 
hypoalbuminemia. According to our meta-analysis, elevated GPS and mGPS assessed four weeks to six months 
following surgery are strongly associated with worse overall survival of CRC patients. Furthermore, a unit increase in 
mGPS assessed four weeks after surgery was associated with about three times higher risk for poor CRC-specific 
survival. These findings are consistent with previous studies that have reported a significant independent predictive role 
of CRP/Albumin for recurrence of other cancers such as renal cell carcinoma,52–54 esophageal cancer,55,56 hepatocellular 
carcinoma,57 cholangiocarcinoma,58 and nasopharyngeal cancer.59

In addition to the already discussed role of elevated CRP in CRC prognosis, hypoalbuminemia may account for poor 
prognosis observed in patients with elevated GPS or mGPS. In a previous systematic review and meta-analysis of studies 
with over 1.49 million participants with various disease conditions, high serum albumin levels (>35g/L) were strongly 
associated with better overall survival (HR, 95% CI = 0.66, 0.55–0.77) and cancer-specific survival (HR, 95% CI = 0.65, 
0.48–0.88).45 Other studies have also reported poor overall survival for patients with low serum albumin levels in various 
conditions including diabetes,46 cardiovascular disease,60,61 COVID-19,62–66 kidney disease,67 and liver cirrhosis.68–71 

Thus, dysregulation of albumin in CRC patients may be predictive of poor prognosis possibly reflecting an impaired 
immune and liver function, poor nutritional status or a compromised therapeutic tolerance.72

Potential Clinical Implications and Need for Further Research
How to best monitor course of disease of CRC patients, enable personalized judgment of prognosis and make best 
possible personalized post-operative treatment decisions is subject to intensive ongoing research. However, most 
biomarkers are strongly related to stage at diagnosis and provide rather limited prognostic value beyond tumor stage. 
This particularly applies to biomarkers that are either up- or downregulated prior to surgery. In addition, biomarkers 
measured shortly after surgery, for example during the hospital stay following surgery, may primarily reflect surgical 
stress and post-surgical wound healing and be less relevant for judgment of long-term prognosis. Our results suggest that 
measurement of CRP, GPS and mGPS in blood samples taken four weeks to six months after surgery could be more 
helpful in this respect. Given that they can be easily measured at low cost in almost any standard laboratory, their 
measurement could be easily implemented in routine clinical care. Further research is needed, however, to evaluate the 
use of their prognostic information for enhanced, personalized post-operative care and surveillance. If and to what extent 
these biomarkers may also be helpful for evaluating efficacy of further (post-operative) treatments or measures of tertiary 
prevention, should also be addressed in future research. While a significant number of individual studies (7 in total) 
included patients with stage IV cancer, we could not conduct subgroup analyses by stage because studies did not report 
stage-stratified results (probably because of small sample sizes). We suggest future studies to be designed with this in 
mind and ascertain if these prognostic biomarkers may be useful in palliative care settings.

Strengths and Limitations
Most studies included in our review were of high quality for the various domains assessed for quality. However, despite the 
comprehensive literature search, we cannot rule out having missed non-English studies that were excluded because of inadequate 
resources. Furthermore, there was heterogeneity in the degree of adjustment for covariates. In particular, some studies did not 
adjust for any covariates. This would be a major concern if the aim was to assess the causal role of inflammation. However, our 
focus was on the use of the inflammation-related markers for prognostication. Interestingly, associations for CRP and mGPS with 
overall survival persisted or increased rather than decreased when meta-analyses were restricted to studies with covariate 
adjustment. These patterns suggest that these biomarkers may be useful to refine assessment of survival perspectives beyond 
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the established prognostic criteria such as stage at diagnosis. Carefully planned future studies should provide associations with 
different levels of adjustment to better delineate the prognostic value of CRP-based markers beyond established prognostic 
criteria. Future studies should also address potential differences in the prognostic value of CRP-based blood markers between men 
and women.

Variations in adjuvant therapies, lifestyle, environmental and genetic factors across patient cohorts from different 
countries may also be a source of heterogeneity. While there is limited evidence on ethnic variations of CRP/albumin 
serum levels, a previous study has reported significant variations in a leucocyte-based inflammatory response parameter 
among Europeans, East Asians, Black Americans, Hispanic Americans, and White Americans.73 Nevertheless, the 
consistency of our results across study populations suggests that the prognostic role of CRP-based biomarkers may 
hold in a wide range of different populations. However, the small number of studies identified for each association 
hindered to address this in more detail and also hindered meaningful analysis of publication bias. Furthermore, many 
included studies did not provide details of technologies and methods of serum assays which may vary widely.

Conclusions
This systematic review and meta-analysis of patient cohort studies suggests that serum CRP-based biomarker levels, measured 
four weeks or more weeks after surgery, could be an easy-to-determine highly informative prognostic marker for CRC patients. In 
particular, they could provide important incremental prognostic information that is independent of tumor stage, age, and other 
established prognostic markers. Potential applications, to be corroborated, validated and expanded in further research may be 
possible use of CRP-based biomarkers for long-term monitoring of the course of the disease, risk stratification for treatment 
decisions, and evaluation of the efficacy of post-operative treatment and tertiary prevention measures.
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