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Abstract
Objective  The prognostic significance of the C-reactive protein-albumin-lymphocyte (CALLY) index in digestive 
system neoplasms (DSNs) has been investigated in several studies, but inconsistencies remain between the results of 
different studies. Therefore, the aim of this study was to confirm the prognostic significance of CALLY in patients with 
DSNs and its association with clinicopathological characteristics (CPCs).

Methods  The databases PubMed, Cochrane Library, Web of Science, Research Square and Embase were 
systematically searched for clinical trials with databases up to 1 November 2024. The value of CALLY in predicting 
overall survival (OS), disease-free survival (DFS) and recurrence-free survival (RFS) versus cancer-specific survival (CSS) 
in patients with DSNs was confirmed by calculating the combined hazard ratio (HR) and 95% CI. The combined OR 
and 95% CI were calculated to assess the association between CALLY and CPCs in patients with DSNs.

Results  A total of 18 studies with 7916 patients with DSNs were included in this study. Pooled analysis showed that 
lower CALLY was associated with poor OS, DFS, RFS and CSS were significantly associated. In addition, low CALLY 
index was associated with male gender, T3-T4, lymph node metastasis, lymph vessel invasion, complications, stage 
III-IV and surgical approach were significantly associated. However, there was no association between low CALLY 
index and histological type, adjuvant chemotherapy, and neoadjuvant chemotherapy.

Conclusions  In this meta-analysis, a low CALLY index was significantly associated with poor OS, DFS, RFS and CSS in 
patients with DSNs and with several CPCs in patients with DSNs.

Systematic review registration  PROSPERO CRD42024622973.
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Introduction
As a major cause of death worldwide, cancer has become 
a recognised public health problem [1]. According to the 
National Center for Health Statistics (NCHS), a total of 
approximately 590,000 people died from various types of 
cancer in 2015, with gastrointestinal neoplasms being an 
important cause of high cancer incidence and mortality 
[2]. In the GLOBOCAN 2020 report, a total of 3,524,932 
deaths were attributed to malignant neoplasms of the 
digestive system, accounting for 18% of cancer deaths 
worldwide [3]. In China, which has a high incidence of 
gastrointestinal neoplasms, gastrointestinal neoplasms 
accounted for four of the top 10 cancer incidence rank-
ings, including colorectal cancer in 3rd place, stomach 
cancer in 6th place, liver cancer in 7th place, and oesoph-
ageal cancer in 10th place. In addition, four of the top 
five cancer mortality rankings were for GI malignancies 
[4]. In addition to the high morbidity and mortality of 
DSNs, patient prognosis is also an important indicator 
for assessing the malignancy of a tumour, and accord-
ing to a public database created by the National Cancer 
Institute (NCI), the 5-year survival rate for pancreatic 
cancer was only 12.8%, for liver and intrahepatic cholan-
giocarcinoma 21.7%, and for gastric cancer 36.4% dur-
ing the period 2014–2020 [5]. Despite recent advances 
in various diagnostic modalities, most GI malignancies 
are still found at advanced stages, and early detection 
and diagnosis of DSNs remains a challenging process 
[6–11]. Therefore, the search for personalised prognos-
tic markers with high sensitivity and specificity will help 
in the early detection and intervention of DSNs, leading 
to the development of optimal therapeutic regimens and 
improved patient survival.

The results of several recent studies have shown that 
inflammatory response and immune function as tumour 
predisposing factors are highly correlated with tumour 
development, proliferation, invasion and metastasis [12, 
13]. Inflammatory response and immune function have 
also been shown to play a key role in the prognosis of 
tumour patients, and several prognostic models have 
been developed [14–18]. In addition, the role of nutri-
tional status on the therapeutic efficacy and prognosis 
of cancer patients has been increasingly emphasised, 
and a large number of clinical studies have been con-
ducted to investigate the causal relationship between the 
two [19–22]. In recent years, with the depth of research, 
several studies have established a variety of new per-
sonalised prognostic markers based on various labora-
tory test indicators of inflammation levels and immune 
function. These include the neutrophil-to-lymphocyte 
ratio (NLR), the platelet-to-lymphocyte ratio (PLR) and 

the monocyte-to-lymphocyte ratio (MLR), as well as the 
systemic immune-inflammatory index (SII) and the sys-
temic inflammatory response index (SIRI) based on these 
three [23–26]. However, some studies have pointed out 
the limitations of the aforementioned prognostic mark-
ers and established a novel scoring method called pan-
immunoinflammatory value (PIV) [27]. In addition, 
various types of prognostic scoring systems based on 
nutritional status have been shown to be effective pre-
dictors [28–30]. However, these prognostic markers and 
scoring systems are all based on one or two factors and 
have not yet been combined with inflammation levels, 
immune function and nutritional status to comprehen-
sively analyse the prognosis of cancer patients. However, 
the CRP-albumin-lymphocyte (CALLY) index proposed 
by Hiroya Iida et al. combines inflammation, immu-
nity and nutritional factors simultaneously and is effec-
tive in predicting the prognosis of patients with HCC. 
In his study, the CALLY index was calculated as (Alb[g/
dL]×lymphocytes)/(CRP[mg/dL]×104) [31]. In addition, 
several studies have shown that a lower CALLY index 
tends to predict worse OS and DFS in gastrointestinal 
malignancies such as gastric, colorectal, oesophageal and 
pancreatic cancer [32, 33, 37, 43].

However, the correlation between the prognostic role 
of the CALLY index in DSNs and CPCs is inconsistent. 
For example, a low CALLY index was not associated 
with DFS in tumour patients in the study by Furukawa 
et al. In other studies, a low CALLY index was associ-
ated with worse DFS. In the studies by Takeda et al. [43] 
and Shiraishi et al. [42], there was no significant correla-
tion between lymph node metastasis and CALLY index. 
Other studies found the opposite. Furthermore, in the 
studies by Furukawa et al. [34] and Shiraishi et al. [42], 
the results showed a strong correlation between postop-
erative complications and CALLY (p < 0.05). On the con-
trary, in the studies by Aoyama et al. [32] & Fukushima et 
al. [34], the occurrence of complications was not corre-
lated with the CALLY index. To date, most studies inves-
tigating the CALLY index have been single-centre studies 
with small sample sizes, and no study has yet provided a 
comprehensive analysis of the predictive role of CALLY 
in DSNs.

Therefore, considering the strong predictive role of 
CALLY index in DSNs and the correlation of CPCs. And 
to further explore the effective predictive role of CALLY 
index in different DSNs, we conducted a comprehensive 
systematic review and meta-analysis of the literature 
related to CALLY index. The aim was to determine the 
precise role of CALLY index in predicting the prognosis 
of patients with DSNs and to evaluate the relationship 
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between CALLY index and CPCs of DSNs, in order 
to provide a novel and effective prognostic marker for 
DSNs.

Materials and methods
Study guideline
This trial was conducted according to the Preferred 
Reporting Items for Systematic Evaluation and Meta-
Analysis (PRISMA 2020) guidelines [49] and has 
been registered on the PROSPERO website ​(​​​h​t​t​p​s​:​/​/​
w​w​w​.​c​r​d​.​y​o​r​k​.​a​c​.​u​k​/​​​​​) under the registration number 
CRD42024622973. In addition, the PRISMA checklist for 
this study can be found in Table S1 in the appendix.

Search strategy
In this study, two researchers conducted a compre-
hensive search of five databases, including PubMed, 
Cochrane Library, Web of Science, Research Square, and 
Embase, from the time the databases were created until 
1 November 2024, to ensure the scientific quality and 
completeness of the search.To ensure the scientific integ-
rity of the search process, the search terms were limited 
to “C-reactive protein-albumin-lymphocyte” or “CRP-
albumin-lymphocyte” or “CRP-albumin-lymphocyte " 
or “CALLY” and “gastric cancer” or “colorectal cancer” 
or “hepatocellular carcinoma” or “pancreatic cancer” or 
“oesophageal cancer” or “cholangiocarcinoma” or “diges-
tive neoplasms”, and the language of the literature is lim-
ited to English. Expanded literature retrieval to include 
Chinese databases such as CNKI, Wanfang, and VIP. No 
eligible studies meeting inclusion criteria were identified. 
The search process for this study was conducted inde-
pendently by two researchers (CDZ and WL). In case 
of disagreement during the process, a third researcher 
(LLF) will join in and make a comprehensive selection.
The detailed search strategy can be found in the appendix 
material.

Inclusion and exclusion criteria
All literature included in this review met the following 
inclusion and exclusion criteria.

Inclusion criteria: (1) The topic of the article was 
CALLY related to the prognosis of digestive system 
neoplasms. (2) Pathological or imaging studies diag-
nosed digestive system neoplasms such as gastric 
cancer, colorectal cancer, hepatocellular carcinoma, 
pancreatic cancer, cholangiocarcinoma, oesophageal 
cancer, and other digestive system neoplasms. (3) The 
definition of CALLY was clear and the formula was Alb 
[g/dL]×lymphocytes)/(CRP [mg/dL]×104, and all indica-
tors were the test results of preoperative blood draws. (4) 
The article clarified the cut-off value of CALLY, and the 
patients were divided into high group and low group by 
this cut-off value, and the survival comparison and CPCs 

were compared between the two groups. (5) Comparative 
analyses of prognostic indicators (OS, DFS, RFS, CSS) 
and CPCs were performed by hazard ratio (HR), odds 
ratio (OR) and its 95% CI. (6) Study types were clinical 
trials, cross-sectional studies, retrospective studies, and 
prospective studies.

Exclusion criteria were (1) reviews, case reports, con-
ference abstracts, commentaries and conference reports. 
(2) Animal studies. (3) Poor study quality, such as over-
lapping samples or missing data in the included popu-
lation. (4) Unavailability of full text or missing article 
content.

Data extraction and quality assessment
Data from the included articles were collected indepen-
dently by two researchers (CDZ and MYL), and disagree-
ments arising during the process were discussed with the 
participation of a third researcher (LJH) until consensus 
was reached. All CALLY indices were calculated based 
on preoperative blood test results, even if patients under-
went subsequent surgical or therapeutic interventions. 
A specially designed data form was used to collect basic 
information from the included literature, including first 
author’s name, year of publication, country, age, study 
design, tumour type and stage, duration of follow-up 
and CALLY cut-off, and to record statistics on primary 
and secondary survival endpoints (OS, DFS, RFS, CSS) 
by collecting relevant HRs and their 95% CIs from the 
included literature. The relationship between CPCs and 
CALLY was assessed by calculating the OR and 95% CI 
between each clinicopathological characteristic of the 
high group and the low group in the included literature.
The quality of the studies was assessed using the New-
castle-Ottawa Scale (NOS), which rates studies in terms 
of selectivity, comparability and outcome [50]. The total 
score was 9, with 7–9 being considered high quality stud-
ies, 4–6 being moderate quality studies, and less than 4 
being low quality studies.The included articles in this 
study all scored greater than 6 and were considered high 
quality studies.The detailed scoring details can be found 
in the appendix document.

Statistical analysis
The data in this study were statistically analysed using 
two software programs, Stata 12.0 (Stata Corporation, 
College Station, Texas, USA) and Revman 5.3 (Rev-
man, Cochrane Collaboration).The prognostic value of 
the CALLY index in patients with digestive system neo-
plasms was assessed by calculating the combined haz-
ard ratio (HR) and 95% CI for each survival endpoint. 
In addition, the odds ratio (OR) and 95% CI were used 
to explore the correlation between the CALLY index 
and CPCs.Cochran’s Q statistic and I2 test were used 
to assess heterogeneity between studies.When P < 0.1 
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and I2 > 50% indicated significant heterogeneity between 
studies.When heterogeneity between studies was large 
(I2 > 50%, P < 0.1), a random-effects model was used; con-
versely (I2 < 50%, P > 0.1), a fixed-effects model was used.
We also performed subgroup analyses to explore poten-
tial sources of heterogeneity.Sensitivity analyses were 
performed by comparing the results of the analyses after 
excluding the included literature on a case-by-case basis 
to ensure the overall stability of the study results. Begg’s 
and Egger’s tests were used in this study to assess publi-
cation bias among the included studies.When the results 
suggested publication bias among the studies, the trim 
and fill method was used to fill in the studies with miss-
ing estimates to correct for publication bias.In this study, 
two-sided P < 0.05 was considered statistically significant. 
The rationality of the combined analysis was based on the 
common inflammatory - immune-trophic axis mecha-
nism of digestive system tumors. The robustness of the 

results was further verified by subgroup analysis (e.g. gas-
tric cancer, colorectal cancer, esophageal cancer).

Results
Literature search results
According to our search strategy, an initial search of the 
database yielded 131 documents, and after deleting 36 
duplicates, a total of 95 relevant papers were obtained.
By reading the titles and abstracts of the articles, we 
excluded 36 of the literature on animal studies, basic 
research, case reports and conference proceedings. After 
reading the full text of the remaining 59 papers, 41 non-
compliant papers were excluded, including inability to 
extract data (n = 6), NOS scores lower than 6 (n = 4), irrel-
evant research questions (n = 19), and failure to report 
the required outcome measures (n = 12).Finally, 18 stud-
ies with a total of 7916 patients with DSNs were included 
in this meta-analysis.The detailed literature selection pro-
cess is shown in Fig. 1.

Fig. 1  PRISMA fow diagram for study selection
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Characteristics of included studies
The 18 papers included in this review were published 
between 2021 and 2024, included 6 prospective stud-
ies and I2 retrospective studies.Three of the studies were 
conducted in China and the remaining 15 studies were 
conducted in Japan.Among the included studies, 10 stud-
ies were single-centre studies and the remaining 8 were 
multicentre studies, with sample sizes ranging from 143 
to 1260. In terms of tumour types in the digestive sys-
tem, a total of seven studies reported gastric cancer, four 
reported colorectal cancer, three reported oesophageal 
cancer, one reported cholangiocarcinoma, one reported 
pancreatic cancer, one reported hepatocellular carci-
noma, and one reported colorectal cancer liver metas-
tasis. The CALLY index in the included studies all used 
receiver operating characteristic (ROC) curves to deter-
mine the optimal threshold. Regarding the significance of 
the CALLY index for patient prognosis, 16 studies men-
tioned OS, 7 studies mentioned RFS, 6 studies mentioned 
DFS and 2 studies mentioned CSS. All used multivariate 
regression analyses to calculate the corresponding HR 
with 95% CI.The quality of the studies was assessed using 
the Newcastle-Ottawa Scale (NOS).The 18 included 
papers were scored between 7 and 9, indicating that they 
were all of high quality.The detailed basic information is 
shown in Table 1.

CALLY and OS
In this study, 16 studies with 7335 patients reported the 
predictive effect of CALLY on OS in patients with DSNs.
Since no significant heterogeneity was found (I2 = 0%, 
p = 0.76), a fixed-effects model was used.The results of 
the pooled analysis suggested that low CALLY index 
was significantly associated with worse OS in patients 
with DSNs (HR = 2.03, 95%CI = 1.83–2.25, p < 0.00001) 
(Fig.  2A). To explore potential heterogeneity, we per-
formed multiple subgroup analyses of the relationship 
between CALLY index and OS.The results of the sub-
group analyses showed that the significance of CALLY 
index in predicting OS was independent of country, 
sample size, cut-off value, study design, data source and 
tumour type (p < 0.05).The detailed results of the sub-
group analyses are shown in Table 2.

Subgroup analyses stratified by tumor type (Table  2) 
revealed robust prognostic associations of the CALLY 
index for gastric cancer (HR = 2.01, 95% CI = 1.68–2.41), 
colorectal cancer (HR = 2.24, 95% CI = 1.84–2.72), and 
esophageal cancer (HR = 2.79, 95% CI = 1.89–4.12), with 
low heterogeneity (I²=0–36%).

CALLY and DFS
In this study, six studies with 1651 patients reported 
the predictive effect of CALLY on DFS in patients with 
DSNs.As no significant heterogeneity was found (I2 = 0%, 

p = 0.62), a fixed-effects model was used.The pooled anal-
ysis showed that low CALLY index was significantly asso-
ciated with worse OS in patients with DSNs (HR = 1.82, 
95%CI = 1.46–2.27, p < 0.00001) (Fig.  2B). To explore 
potential heterogeneity, we performed multiple sub-
group analyses of the relationship between CALLY index 
and DFS.The results of the subgroup analyses showed 
that the significance of CALLY index in predicting OS 
was independent of sample size, cut-off value and study 
design (p < 0.05).In contrast, there was no significant 
relationship between CALLY index and Colorectal Liver 
Metastasis (CRLM) in the cancer staging subgroups.The 
detailed results of the subgroup analyses are shown in 
Table 2.

CALLY and RFS
In this study, seven studies with a total of 3177 patients 
reported the predictive effect of CALLY on RFS in 
patients with DSNs.As no significant heterogeneity was 
found (I2 = 0%, p = 0.48), a fixed-effects model was used.
The pooled analysis suggested that low CALLY index 
was significantly associated with worse OS in patients 
with DSNs (HR = 1.53, 95%CI = 1.33–1.75, p < 0.00001) 
(Fig.  2C). To explore potential heterogeneity, we per-
formed multiple subgroup analyses of the relationship 
between CALLY index and RFS.The results of the sub-
group analyses showed that the significance of CALLY 
index in predicting RFS was independent of sample size, 
cut-off value, study design, data source and tumour type 
(p < 0.05).The detailed results of the subgroup analyses 
are shown in Table 2.

CALLY and CSS
In this study, two studies with a total of 881 patients 
reported the predictive effect of CALLY on CSS in 
patients with DSNs. As no significant heterogeneity was 
found (I2 = 26%, p = 0.25), a fixed effect model was used. 
The results of the pooled analysis showed that a low 
CALLY index was significantly associated with worse 
CSS in DSNs patients (HR = 2.45, 95%CI = 1.88–3.20, 
p < 0.00001) (Fig. 2D). As only two studies reported data 
on CSS in DSNs patients, further subgroup analysis was 
not possible.

Relationship between CALLY and CPCs of DSNs
In this study, 15 studies with a total of 6,660 patients 
reported the relationship between the CALLY index 
and CPCs in patients with DSNs. The summary analy-
sis shows that the decrease in CALLY index was asso-
ciated with TNM stage (HR = 0.56, 95%CI = 0.36–0.86, 
p = 0.009), T stage (HR = 0.36, 95%CI = 0.26–0.51, 
p < 0.00001), complications (HR = 1.41, 95%CI = 1.17–
1.71, p = 0.0003), lymphovascular invasion (HR = 0. 45, 
95%CI = 0.29–0.71, p = 0.0005), lymph node metastasis 
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Table 1  Information on the basic characteristics of the included studies
Study
(author, 
years)

C`ountry Sam-
ple 
size

Gender
(M/F)

Age (years) 
Median(range)

Duration Study 
design

Cut-
off 
value

Can-
cer
type

outcome 
indicator

Survival analysis NOS
score

Aoyama 
2024 [32]

Japan 259 183/76 70(32–88) 2005–2020 Prospec-
tive study, 
Single

5.00 GC OS, RFS, 
CPCs

Univariate + Multivariate 7

Feng 2024 
[33]

China 318 213/105 59(39–76) 2013–2015 Retrospec-
tive study, 
Multiple

3.00 EC CSS, CPCs Univariate + Multivariate 8

Fukushima 
2024 [34]

Japan 826 594/232 68(60–76) 2010–2017 Retrospec-
tive study, 
Multiple

2.00 GC OS, RFS, 
CPCs

Univariate + Multivariate 7

Furukawa 
2023 [35]

Japan 183 127/56 65(57–73) 2000–2018 Retrospec-
tive study, 
Single

4.00 CRLM OS, DFS, 
CPCs

Univariate + Multivariate 8

Hashimoto 
2024 [36]

Japan 459 300/159 65 2013–2017 Prospec-
tive study, 
Single

3.28 GC OS, RFS, 
CPCs

Univariate + Multivariate 7

Hiroya 
2021 [31]

Japan 384 296/88 69 2011–2013 Retrospec-
tive study, 
Multiple

5.00 HCC OS, RFS, 
CPCs

Multivariate 7

Kawahara 
2024 [37]

Japan 461 243/218 71(39–88) 2013–2022 Retrospec-
tive study, 
Single

1.90 PC OS, RFS, 
CPCs

Univariate + Multivariate 8

Ma 2024 
[38]

Japan 146 123/23 69(35–90) 2008–2018 Prospec-
tive study, 
Single

2.40 EC OS, DFS Univariate + Multivariate 7

Nakashima 
2024 [39]

Japan 175 119/56 70(38–92) 2011–2019 Retrospec-
tive study, 
Single

6.96 GC OS, DFS, 
CPCs

Univariate + Multivariate 8

Okugawa 
2024 [40]

Japan 426 304/122 66 2000–2011 Prospec-
tive study, 
Single

4.93 GC OS, DFS Univariate + Multivariate 7

Sakurai 
2024 [41]

Japan 563 343/220 68(57–79) 2014–2020 Retrospec-
tive study, 
Multiple

1.19 GC OS, CSS, 
CPCs

Univariate + Multivariate 8

Shiraishi 
2024 [42]

Japan 263 149/114 59(24–94) 2016–2023 Retrospec-
tive study, 
Multiple

0.37 CRC CPCs Univariate 7

Takeda 
2024 [43]

Japan 578 348/230 69(61–76) 2010–2017 Retrospec-
tive study, 
Single

2.00 CRC OS, DFS, 
CPCs

Univariate + Multivariate 7

Tomoaki 
2024 [44]

Japan 608 371/237 67(61–75) 2010–2018 Retrospec-
tive study, 
Single

3.35 CRC OS, RFS, 
CPCs

Univariate + Multivariate 7

Toru 2024 
[45]

Japan 180 155/22 69(37–90) 2005–2020 Retrospec-
tive study, 
Multiple

5.00 EC OS, RFS, 
CPCs

Univariate + Multivariate 7

Tsunemat-
su 2022 
[46]

Japan 143 66/77 68(60–73) 2002–2019 Retrospec-
tive study, 
Single

3.50 CCA OS, DFS, 
CPCs

Univariate + Multivariate 8

Yang 2023 
[47]

China 1260 767/493 60(52–67) 2012–2020 Prospec-
tive study, 
Multiple

1.47 CRC OS Univariate + Multivariate 8

Zhang 
2023 [48]

China 684 479/205 59(52–66) 2013–2018 Prospec-
tive study, 
Multiple

1.12 GC OS Univariate + Multivariate 7

Abbreviations: GC, gastric cancer; EC, esophageal cancer; CRLM, colorectal liver metastasis; HCC, hepatocellular carcinoma; CRC, colorectal cancer; PC, pancreatic 
cancer; CCA, cholangiocarcinoma; M/F, male/female; OS, overall survival; RFS, recurrence-free survival; CPCs, clinicopathological characteristics; NOS, Newcastle-
Ottawa Scale
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Fig. 2  Forest plot of the meta-analysis of the relationship between CALLY and prognostic indicators in patients with DSNs: (A) OS; (B) DFS; (C) RFS; (D) CSS
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Subgroups No. of studies No. of patients Effects mode HR (95%CI) p Heterogeneity
I2 (%) Ph

OS
Total 16 7335 Fixed 2.03(1.83–2.25) P < 0.00001 0 0.76
Country
China 2 1944 Fixed 2.13(1.76,2.58) P < 0.00001 0 0.44
Japan 14 5391 Fixed 1.99(1.76,2.25) P < 0.00001 0 0.70
Sample size
≤ 300 6 1086 Fixed 2.17(1.73,2.72) P < 0.00001 11 0.35
> 300 10 6249 Fixed 1.99(1.78,2.24) P < 0.00001 0 0.85
Cut-off value
≤ 3 7 4518 Fixed 2.06(1.80,2.35) P < 0.00001 10 0.35
> 3 9 2817 Fixed 1.99(1.69,2.34) P < 0.00001 0 0.85
Study design
Prospective 6 3234 Fixed 2.20(1.89,2.571 P < 0.00001 0 0.43
Retrospective 10 4101 Fixed 1.90(1.65,2.18) P < 0.00001 0 0.91
Data sources
Single 10 3438 Fixed 2.05(1.76,2.38) P < 0.00001 0 0.49
Multiple 6 3897 Fixed 2.01(1.75,2.32) P < 0.00001 0 0.78
Cancer type
CRC 3 2446 Fixed 2.24(1.84,2.72) P < 0.00001 0 0.81
GC 7 3392 Fixed 2.01(1.68,2.41) P < 0.00001 0 0.86
EC 2 326 Fixed 2.79(1.89,4.12) P < 0.00001 36 0.21
CRLM 1 183 - 1.67(1.06,2.61) P = 0.03 - -
HCC 1 384 - 1.70(1.21,2.39) P = 0.002 - -
CCA 1 143 - 2.07(1.11,3.86) P = 0.02 - -
PC 1 461 - 1.77(1.36,2.31) P < 0.0001 - -
DFS
Total 6 1651 Fixed 1.82(1.46,2.27) P < 0.00001 0 0.62
Sample size
≤ 300 4 647 Fixed 1.76(1.35,2.30) P < 0.0001 1 0.39
> 300 2 1004 Fixed 1.95(1.32,2.88) P < 0.0008 0 0.61
Cut-off value
≤ 3 2 724 Fixed 2.06(1.80,2.35) P < 0.0001 10 0.35
> 3 4 927 Fixed 1.95(1.32,2.88) P < 0.0008 0 0.61
Study design
Prospective 2 572 Fixed 2.20(1.89,2.571 P < 0.00001 0 0.43
Retrospective 4 1079 Fixed 1.90(1.65,2.18) P < 0.00001 0 0.91
Cancer type
CRC 1 578 - 2.16(1.25,3.73) P = 0.006 - -
GC 2 601 Fixed 1.89(1.20,2.97) P = 0.006 0 0.66
EC 1 146 - 2.35(1.28,4.31) P = 0.006 - -
CRLM 1 183 - 1.39(0.95,2.03) P = 0.09 - -
CCA 1 143 - 2.13(1.15,3.95) P = 0.02 - -
RFS
Total 7 3177 Fixed 1.53(1.33,1.75) P < 0.00001 0 0.48
Sample size
≤ 300 2 439 Fixed 1.95(1.43,2.67) P < 0.0001 0 0.61
> 300 5 2738 Fixed 1.44(1.24,1.68) P < 0.00001 0 0.67
Cut-off value
≤ 3 2 1287 Fixed 1.38(1.10,1.73) P = 0.005 38 0.20
> 3 5 1890 Fixed 1.61(1.36,1.91) P < 0.00001 0 0.60
Study design
Prospective 2 718 Fixed 1.73(1.24,2.42) P = 0.001 0 0.88

Table 2  Subgroup analysis of the prognostic value of CALLY in patients with digestive system neoplasms
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(HR = 0.63, 95%CI = 0.51–0.79, p < 0.0001), surgical 
approach (HR = 0.25, 95%CI = 0.20–0.29, p < 0.00001) 
and gender (HR = 1.21, 95%CI = 1.07–1.37, p = 0.002) 
were significantly correlated. However, the decrease in 
CALLY index was associated with adjuvant chemother-
apy (HR = 1.17, 95%CI = 0.81–1.69, p = 0.41), neoadjuvant 
chemotherapy (HR = 0.83, 95%CI = 0.50–1.39, p = 0.49) 
and tissue type (HR = 1.07, 95%CI = 0.77–1.49, p = 0.67) 
showed no significant association (Table 3; Fig. 3).

Publication bias and sensitivity analysis
We used Begg’s and Egger’s tests to assess potential pub-
lication bias.The Begg’s and Egger’s tests for OS, DFS and 
RFS all indicated significant publication bias (Fig. 4).We 
performed the Trim and Fill method for OS, DFS and 
RFS separately and the results indicated that the results 
before and after clipping were statistically significant and 
the results were not reversed (Figs. 5 and S1). This sug-
gests that the results of the study remain robust to pub-
lication bias, and detailed results can be seen in Table 4.

In addition, we used the Leave-One-Out method to 
compare the differences in the respective combined effect 

values of OS, DFS and RFS to perform a sensitivity analy-
sis.The results indicated that the combined effect values 
after excluding each study were within the predicted 
range.Therefore, the results of our study were character-
ised by stability (Fig. 6).

Discussion
In this systematic review and meta-analysis, we pooled 
data from 18 studies involving a total of 7916 patients 
with digestive system neoplasms (DSNs) to compre-
hensively assess the impact of the C-reactive protein-
albumin-lymphocyte (CALLY) index on the prognosis 
of patients with DSNs. Although previous studies have 
investigated the potential of the CALLY index in pre-
dicting the prognosis of DSNs, the results have not been 
entirely consistent.Our analysis revealed significant 
associations between the CALLY index and worse over-
all survival (OS), disease-free survival (DFS), relapse-
free survival (RFS) and cancer-specific survival (CSS) 
in patients with DSNs. Through in-depth subgroup 
analyses, we further validated the prognostic predictive 
power of the CALLY index across sample sizes, cut-off 

Table 3  The association between CALLY and clinicopathological features in patients with DSNs
Variables No. of studies No. of patients Effects model OR (95% CI) p Heterogeneity

I2(%) Ph
TNM stage 8 4324 Random 0.59(0.36,0.86) 0.009 88 P < 0.00001
T stage 4 2172 Random 0.36(0.26,0.51) < 0.00001 64 0.04
Complication 10 3657 Fixed 1.41(1.17,1.71) 0.0003 17 0.29
Adjuvant chemotherapy 8 3247 Random 1.17(0.81,1.69) 0.41 78 P < 0.0001
Lymphatic vessel invasion 2 439 Fixed 0.45(0.29,0.71) 0.0005 34 0.22
Lymph node metastasis 11 4555 Random 0.63(0.51,0.79) < 0.0001 60 0.005
Surgical approach 4 700 Fixed 0.25(0.20,0.29) < 0.00001 27 0.25
Neoadjuvant chemotherapy 3 824 Random 0.83(0.50,1.39) 0.49 61 0.08
Gender 14 5400 Fixed 1.21(1.07,1.37) 0.002 12 0.33
Histologic type 7 3380 Random 1.07(0.77,1.49) 0.67 68 0.005
Abbreviations: OR, odds ratio; CI, confidence interval; TNM, tumor-node-metastasis staging system; T stage, tumor size/extent classification; I², heterogeneity 
index; Ph, P-value for heterogeneity

Subgroups No. of studies No. of patients Effects mode HR (95%CI) p Heterogeneity
I2 (%) Ph

Retrospective 5 2459 Fixed 1.49(1.29,1.72) P < 0.00001 18 0.30
Data sources
Single 4 1787 Fixed 1.46(1.22,1.74) P < 0.0001 0 0.55
Multiple 3 1390 Fixed 1.63(1.32,2.00) P < 0.0001 29 0.24
Cancer type
CRC 1 608 - 1.56(1.05,2.31) P = 0.03 - -
GC 3 1544 Fixed 1.77(1.34,2.35) P < 0.0001 0 0.96
EC 1 180 - 2.09(1.38,3.16) P = 0.0005 - -
HCC 1 384 - 1.41(1.08,1.84) P = 0.01 - -
PC 1 461 - 1.29(1.01,1.65) P = 0.04 - -
Abbreviations: HR, hazard ratio; CI, confidence interval; I², heterogeneity index (percentage of total variation across studies due to heterogeneity); Ph, P-value for 
heterogeneity; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival; CSS, cancer-specific survival; GC, gastric cancer; EC, esophageal cancer; 
CRLM, colorectal liver metastasis; CCA, cholangiocarcinoma; PC, pancreatic cancer; HCC, hepatocellular carcinoma

Table 2  (continued) 
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Fig. 3  Forest plot of the meta-analysis of the relationship between CALLY and CPCs in patients with DSNs: (A) TNM stage; (B) T stage; (C) complication; 
(D) lymph vessel invasion; (E) lymph node metastasis; (F) surgical approach; (G) gender; (H) adjuvant chemotherapy; (I) neoadjuvant chemotherapy; (J) 
histological type
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values, study designs and tumour types, and found that 
decreased CALLY index was associated with multiple 
CPCs of patients with DSNs, including TNM stage, T 
stage, comorbidities, lymphovascular invasion, lymph 

node metastasis, surgical approach and gender, suggest-
ing that patients with low CALLY index may be at higher 
risk of tumour aggressiveness and disease progression. 
Overall, this study provides strong evidence for the 

Fig. 3  (continued)
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CALLY index as a valuable biomarker in the prognostic 
assessment of patients with DSNs, and we recommend 
the CALLY index as a reliable and cost-effective prognos-
tic indicator.

Inflammation, immune function and albumin levels are 
three key factors that influence changes in the CALLY 
index, and they interact through different mechanisms 
to affect the prognosis of tumour patients.First, inflam-
mation plays a complex role in tumour development. The 
inflammatory microenvironment can promote tumour 

cell growth, invasion and metastasis [51–53].Inflam-
matory cells, such as tumour-associated macrophages 
(TAMs) and tumour-associated neutrophils (TANs), pro-
mote tumour progression by releasing pro-inflammatory 
cytokines (e.g., TNF-α, IL-1β, IL-6) and chemokines that 
not only act directly on tumour cells, but also affect the 
function of immune cells, e.g., These cytokines not only 
act directly on tumour cells, but also affect the function 
of immune cells, for example by inhibiting the activa-
tion and proliferation of T cells, thereby weakening the 

Fig. 4  Publication bias tested by Begg’s test and Egger’s test: (A) Begg’s test for OS; (B) Egger’s test for OS; (C) Begg’s test for DFS; (D) Egger’s test for DFS; 
(E) Begg’s test for RFS; (F) Egger’s test for RFS
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anti-tumour immune response [54].In addition, inflam-
mation is associated with impaired nutrient metabolism 
in the tumour microenvironment, leading to nutrient 
deficiencies that further affect immune cell function [55].
Second, immune function plays a critical role in tumour 
prognosis.Immune cells, particularly T cells and NK 
cells, exert anti-tumour effects by recognising and kill-
ing tumour cells. However, tumour cells can use various 
mechanisms to evade immune surveillance, including 
reducing the expression of MHC molecules and inducing 
the production of regulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSCs), which inhibit effec-
tive immune responses [56–59].In addition, a state of 
nutrient deprivation in the tumour microenvironment, 

particularly glucose and amino acid deficiency, affects 
the metabolism and function of immune cells, leading to 
immunosuppression [60]. Finally, albumin levels are an 
important indicator of the nutritional status of tumour 
patients.Decreased albumin levels are usually associated 
with malnutrition, inflammation and hepatic insuffi-
ciency.Hypoalbuminemia is associated with poor prog-
nosis in tumour patients because it reflects the body’s 
physiological stress response to tumour burden.Albumin 
is also a key protein in the maintenance of plasma col-
loid osmotic pressure and in the transport of a variety 
of substances, and reduced levels may affect drug distri-
bution and metabolism and thus therapeutic efficacy. In 
summary, inflammation, immune function and albumin 

Table 4  The results of publication bias and trim and fill method
Prognostic indicator Begg’s

p-Value
Egger’s
p-Value

OR (95% CI) p-Value
pre-correction post-correction pre-correction post-correction

OS 0.013 0.158 0.707(0.603,0.810) 0.683(0.581,0.784) < 0.001 < 0.001
DFS 0.452 0.024 0.600(0.379,0.820) 0.479(0.291,0.668) < 0.001 < 0.001
RFS 0.035 0.012 0.422(0.288,0.557) 0.344(0.224,0.464) < 0.001 < 0.001
Abbreviations: Begg’s test, rank correlation method for publication bias; Egger’s test, linear regression method for publication bias; OR, odds ratio; CI, confidence 
interval; OS, overall survival; DFS, disease-free survival; RFS, recurrence-free survival

Fig. 5  Publication bias tested by Trim and Fill method: (A) OS; (B) DFS; (C) RFS
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levels work together to cause changes in the CALLY 
index by influencing the tumour microenvironment, 
immune cell function and nutritional status.The interac-
tion and balance of these factors determine the progno-
sis of tumour patients and provide potential therapeutic 
targets for tumour therapy.By modulating these factors, it 
may be possible to improve the immune status of patients 
and enhance the anti-tumour immune response, thereby 
improving treatment efficacy and patient survival. Com-
pared to existing prognostic markers such as neutrophil-
to-lymphocyte ratio (NLR), platelet-to-lymphocyte ratio 
(PLR), systemic immune-inflammatory index (SII) and 
prognostic nutritional index (PNI), CALLY provides a 
more comprehensive view of patient prognosis by inno-
vatively integrating nutritional, immune and inflamma-
tory dimensions, demonstrating its unique advantages.

In this systematic review and meta-analysis, the com-
bined results indicate a strong association between the 
CALLY index and poor prognosis in patients with diges-
tive system neoplasms, despite differences in the setting 
of the cut-off value of the CALLY index between studies.
This variability in the setting of cut-off values may have 
had some impact on the interpretation of the results of 

individual studies, but overall our analysis demonstrates 
the general applicability of the CALLY index in predict-
ing patient survival. CALLY cutoff values, population 
characteristics, and combined HR for different tumor 
types are shown in Appendix Table S3. This observa-
tion underscores the robustness of the CALLY index as 
a prognostic marker, suggesting that a low CALLY index 
can serve as a strong indicator of poor patient progno-
sis regardless of the cut-off value used.Thus, although 
the choice of cut-off value may influence the specific 
findings of individual studies, the overall trend suggests 
that the CALLY index retains its consistency in prognos-
tic prediction across different settings, providing strong 
support for its widespread clinical use. In addition, the 
CALLY index integrates inflammation (CRP), nutritional 
status (albumin), and immune function (lymphocytes) 
- pathophysiological pathways shared by digestive sys-
tem tumors (DSNs). Despite differences in the biological 
characteristics of different tumor types, subgroup analy-
sis showed that CALLY index had consistent prognos-
tic value in gastric cancer (HR = 2.01), colorectal cancer 
(HR = 2.24), and esophageal cancer (HR = 2.79) (Table 2) 

Fig. 6  Sensitivity analyses of outcomes. (A) OS; (B) DFS; (C) RFS
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with low heterogeneity (I² = 0–36%). Support the ratio-
nality of the merge analysis (Appendix Figure S2).

In this meta-analysis, we identified potential publica-
tion bias using Begg’s and Egger’s tests, which may affect 
the generalisability of the results. However, after cor-
recting for potentially missing studies using the trim-
and-fill method, we found that the association between 
a low CALLY index and poor prognosis in patients with 
digestive system neoplasms remained intact, suggesting 
that the prognostic value of the CALLY index remains 
robust even in the presence of publication bias, further 
validating its reliability as a prognostic biomarker. Thus, 
although the presence of publication bias may have 
affected the visibility of some studies, our findings still 
support the validity of the CALLY index in predicting 
patient survival, highlighting its potential for important 
applications in clinical practice.

This study covers a wide range of gastrointestinal 
malignancies, including gastric, colorectal and hepato-
cellular carcinoma, and this diversity of tumour types 
provides a unique perspective for assessing the generalis-
ability of the CALLY index. Despite possible differences 
in biological characteristics and treatment response 
between tumour types, the results of our analyses con-
sistently showed that a low CALLY index was associated 
with poor prognosis for these tumour types.This consis-
tency across tumour types suggests that the CALLY index 
may serve as a generalised prognostic indicator that is 
not limited to specific tumour types. However, tumour 
heterogeneity also suggests the need to consider tumour 
type-specific effects when interpreting the results, which 
may represent a potential variability factor in the accu-
racy of prognostic assessment.Therefore, future stud-
ies need to further explore the specific application of 
the CALLY index in different tumour types and how to 
optimise the prognostic assessment model by incorpo-
rating tumour-specific biomarkers.Despite the diversity 
of tumour types, our findings still emphasise the broad 
applicability and importance of the CALLY index as a 
powerful prognostic tool in the management of digestive 
system neoplasms.

In addition, we observed relatively low heterogeneity 
between the included studies, which may be due to con-
sistency between studies in terms of patient populations, 
methods of calculating the CALLY index and reporting 
of results.Although low heterogeneity facilitated our 
ability to draw more consistent conclusions, it may also 
have masked potential clinical and methodological dif-
ferences between studies. This consistency may limit our 
in-depth understanding of the application of the CALLY 
index in different clinical contexts, especially when deal-
ing with different tumour types or treatment strategies.
Thus, although low heterogeneity seems to increase the 
robustness of our findings, we must also be careful not 

to overstate these results, as they may not be fully appli-
cable to all patient populations or clinical practice set-
tings.Future studies need to further explore and explain 
the reasons for this low heterogeneity and its potential 
impact on the prognostic value of the CALLY index.

The CALLY index, a biomarker that integrates inflam-
matory, immune and nutritional status, is demonstrating 
its prognostic value in several medical fields. In digestive 
malignancies, the CALLY index has shown predictive 
utility, while in patients with non-metastatic nasopha-
ryngeal carcinoma, the CALLY-EBV DNA index, which 
combines the CALLY score and EBV DNA levels, pro-
vides a new perspective on patient prognostic stratifica-
tion and helps to construct prognostic models that are 
more predictive than the traditional TNM staging sys-
tem [61]. In breast cancer, the CALLY index is strongly 
correlated with overall survival (OS) and disease-free 
survival (DFS), providing an independent indicator for 
prognostic assessment of postoperative patients, and a 
low CALLY index is strongly correlated with tumour pro-
gression and shortened survival [62]. Similarly, in ovar-
ian cancer patients, the CALLY index shows potential as 
a prognostic biomarker and is an effective and efficient 
predictive biomarker of postoperative prognosis in ovar-
ian cancer patients [63].Furthermore, in the cardiovascu-
lar field, the CALLY index was negatively correlated with 
the risk of cardiorenal syndrome (CRS), suggesting that 
the CALLY index may be a powerful and independent 
predictor of CRS, superior to traditional inflammatory 
markers [64]. Finally, the CALLY index was associated 
with the risk of sarcopenia in community-dwelling and 
hospitalised patients, and high CALLY index values were 
independently associated with a lower risk of sarcope-
nia, providing a convenient measure of nutritional and 
inflammatory risk factors for sarcopenia [65].These find-
ings suggest that the CALLY index is not only prognostic 
in gastrointestinal malignancies, but also demonstrates 
its potential as a predictive tool in other medical fields. 
Although esophageal cancer had a higher CALLY trun-
cation value (2.40-5.00 vs. Gastric cancer 1.12–6.96) may 
reflect a more aggressive biology, but the consistency 
of prognostic associations supports its generalization. 
Future studies need to optimize thresholds in conjunc-
tion with tumor-specific biological markers (Appendix 
Table S3).

Although the results of this paper provide strong evi-
dence for the application of the CALLY index in the 
prognostic assessment of patients with digestive system 
neoplasms, there are still several limitations that limit its 
direct application and generalisability in clinical practice.
First, further empirical support is needed for the clinical 
application of the findings, especially for the adaptation 
and optimisation of the CALLY index in different clinical 
settings and treatment strategies. In addition, although 
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this study has demonstrated the association between 
the CALLY index and patient prognosis, the underlying 
biological mechanisms and molecular pathways have not 
been fully elucidated, which is crucial for understand-
ing how the CALLY index affects tumour progression 
and treatment response. Finally, the diversity of treat-
ments and interventions in the included studies may have 
affected the true assessment of the relationship between 
the CALLY index and prognosis, suggesting that future 
studies need to consider the impact of these variables in 
different patient populations. Therefore, future studies 
should aim to explore the biological basis of the CALLY 
index, validate its applicability in different clinical set-
tings and populations, and assess the performance of the 
CALLY index in different treatment contexts to improve 
its utility and validity in clinical practice.

Conclusion
In conclusion, this meta-analysis revealed a strong asso-
ciation between the C-reactive protein-albumin-lym-
phocyte (CALLY) index and prognosis in patients with 
digestive system neoplasms (DSNs).A low CALLY index 
was significantly associated with poor patient outcomes 
in terms of overall survival (OS), disease-free survival 
(DFS), recurrence-free survival (RFS) and cancer-specific 
survival (CSS). Given its cost-effectiveness and stability, 
the CALLY index is a reliable prognostic biomarker.
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