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Abstract
Background  Digestive system cancers remain a leading cause of cancer-related mortality globally, underscoring 
the need for reliable prognostic tools. The C-reactive protein-Albumin-Lymphocyte (CALLY) index, which reflects 
inflammation, nutrition, and immunity, has shown potential in predicting survival. However, comprehensive 
evaluations of its role in digestive system cancers are still limited.

Methods  A meta-analysis of English-language studies from online databases was performed to assess the prognostic 
value of the CALLY index. Pooled hazard ratios (HRs) were calculated for overall survival (OS), disease-free survival 
(DFS), recurrence-free survival (RFS), and cancer-specific survival (CSS).

Results  A total of eighteen articles (19 studies, encompassing 7,951 patients) were included. A lower CALLY index 
was significantly associated with poorer outcomes across all survival endpoints. The pooled HR for OS was 1.973 (95% 
CI: 1.734–2.244), with HRs for DFS, RFS, and CSS being 2.093 (95% CI: 1.682–2.604), 1.462 (95% CI: 1.292–1.654), and 
2.456 (95% CI: 1.887–3.221), respectively (all P < 0.001). Subgroup analyses for OS demonstrated consistent prognostic 
significance across various treatment strategies, cancer types, cutoff values, sample sizes, and regions. Notably, the 
CALLY index was a strong predictor of OS in surgical patients (HR = 2.014, 95% CI: 1.794–2.260, P < 0.001). Sensitivity 
analyses validated the robustness of these findings, with minimal publication bias (Egger’s test P = 0.053).

Conclusions  The CALLY index serves as a cost-effective and reliable biomarker for predicting prognosis in digestive 
system cancers. Its utility as a pre-treatment risk stratification tool, which integrates key factors of inflammation, 
nutrition, and immunity, renders it valuable for guiding clinical decision-making.
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Introduction
Digestive system cancers, including esophageal, gastric, 
hepatic, colorectal, pancreatic, and gallbladder cancers, 
represent significant public health challenges due to their 
high incidence and mortality rates [1]. Addressing the 
detrimental impact of these cancers requires substan-
tial efforts from healthcare professionals to both prevent 
and manage their progression. However, this process is 
frequently slow and resource-intensive, and it is further 
complicated by the complexity introduced by environ-
mental, genetic, and socioeconomic factors. These factors 
add complexity to cancer prevention, surgical timing, and 
postoperative management, posing significant challenges 
in clinical practice. Identifying effective tumor markers 
is crucial for recognizing high-risk individuals, optimiz-
ing preoperative risk stratification, enhancing prognostic 
predictability, and informing treatment strategies.

While conventional biomarkers such as carcinoem-
bryonic antigen, cancer antigen 19 − 9, and TNM stage 
have provided valuable insights to the management of 
digestive system cancers, emerging blood-derived mark-
ers like the pan-immune-inflammation value (PIV) and 
neutrophil-to-lymphocyte ratio (NLR) are gaining atten-
tion for their cost-effectiveness and prognostic reliability 
[2–4]. However, further research is warranted to identify 
high-precision biomarkers. It is well established that the 
host inflammatory response, a hallmark of cancer, plays 
a critical role in tumor onset, progression, and metasta-
sis [5]. Various inflammatory markers, such as PIV, NLR, 
and C-reactive protein (CRP), have been shown to pre-
dict long-term survival in cancer patients [3, 4, 6].

In this context, the Modified Glasgow Prognostic Score 
(mGPS), which combines serum CRP and albumin levels, 
provides a measure of both nutritional status and inflam-
matory response, demonstrating prognostic value in can-
cer [7]. Similarly, the Prognostic Nutritional Index (PNI), 
initially developed to assess preoperative complication 
risk and optimal surgical timing, is based on factors 
such as serum albumin and lymphocyte count [8]. Build-
ing on these indices, Iida et al. [9] introduced the CRP-
Albumin-Lymphocyte (CALLY) index, a non-invasive 
biomarker that integrates albumin, lymphocyte count, 
and CRP levels to evaluate liver function, immune status, 
and inflammation (Supplementary Fig.  1). The CALLY 
index is calculated as: albumin level (g/dL) × absolute 
lymphocyte count (cells/µL) / CRP level (mg/dL) × 10⁴. 
Lower CALLY index values have been significantly asso-
ciated with poorer overall survival (OS) in patients with 
hepatocellular carcinoma. This low-cost, readily available 
biomarker has demonstrated substantial prognostic value 
in various digestive system cancers, including esopha-
geal [10], gastric [11], hepatic [12], and colorectal can-
cers [13]. However, a study by Shiraishi et al. [14] found 

no significant association between the CALLY index and 
prognosis in colorectal cancer patients.

Despite the growing body of research on the CALLY 
index in digestive system cancers, no comprehensive 
meta-analysis has been conducted to evaluate its clinical 
significance. Therefore, this study aims to fill this gap by 
conducting a systematic meta-analysis to assess the role 
of the CALLY index in the prognosis of digestive sys-
tem cancers through a comprehensive review of relevant 
clinical studies retrieved from online English-language 
databases.

Materials and methods
Protocol registration
The systematic review protocol was registered on 
INPLASY (INPLASY202520043) and the full details are 
available on inplasy.com (​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​7​7​6​​6​/​​i​n​p​​l​a​s​​
y​2​0​2​​5​.​​2​.​0​0​4​3).

Search strategy
The search strategy was developed collaboratively by all 
members of the research team, and a comprehensive, 
systematic search was conducted up to December 31, 
2024, across several English-language databases, includ-
ing PubMed, PMC, Web of Science, Ovid/MEDLINE, 
and Elsevier/Embase. The following search terms were 
used: (“C-reactive protein-Albumin-Lymphocyte” OR 
“CALLY”) AND (“cancer” OR “tumor” OR “neoplasm” 
OR “carcinoma”) (Supplementary search strategies). 
Additionally, references from highly relevant articles 
were manually reviewed to identify additional studies.

Eligibility criteria
The inclusion and exclusion criteria were predefined and 
applied prior to conducting the search. The inclusion cri-
teria were as follows:

1.	 Studies involving patients with a clinical diagnosis of 
digestive system cancers;

2.	 Studies in which patients had corresponding blood 
tests and data available for calculating the CALLY 
index;

3.	 Studies utilizing the same CALLY index calculation 
formula, which integrates CRP, albumin levels, 
and lymphocyte count as described in previous 
standardized reports, ensuring consistent patient 
stratification into high and low CALLY index groups;

4.	 Studies reporting prognostic data for these 
groups, including hazard ratios (HRs) and their 
corresponding 95% confidence intervals (CIs).

The exclusion criteria were as follows:

https://doi.org/10.37766/inplasy2025.2.0043
https://doi.org/10.37766/inplasy2025.2.0043


Page 3 of 12Wu et al. BMC Cancer          (2025) 25:672 

1.	 Focused on cancer types other than digestive system 
cancers;

2.	 Were non-clinical articles, reviews, editorials, or 
conference abstracts that did not provide original 
prognostic data;

3.	 Lacked sufficient information to calculate or extract 
the CALLY index and corresponding prognostic 
outcomes.

Selection process
Two independent reviewers conducted the search and 
screened titles and abstracts based on the predefined 
eligibility criteria. Full-text articles were subsequently 
reviewed for eligibility. Any discrepancies between 
reviewers were resolved through discussion, with a third 
team member consulted when consensus could not be 
reached, thereby reducing potential selection and report-
ing biases. This meta-analysis was conducted in adher-
ence to PRISMA guidelines for systematic reviews and 

meta-analyses. A PRISMA flow diagram summarizing 
the study selection process is provided in Fig. 1.

Data extraction
In line with the research objectives, we systematically col-
lected and summarized key characteristics of each study, 
including author(s), year of publication, cancer type, 
sample size, cutoff value, analysis methods, and prognos-
tic outcomes. This process was completed through col-
laborative discussion among research team members.

Quality assessment
The quality of the included studies was assessed using the 
Newcastle-Ottawa Scale (NOS), a tool commonly used to 
assess the quality of non-randomized studies. The NOS 
assigns a maximum of nine points across three catego-
ries: selection, comparability, and outcome. Studies scor-
ing 6 or more points were considered high-quality [15]. 
Studies scoring below 6 were classified as low-quality 

Fig. 1  Flowchart for identifying relevant articles from the literature
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and were either excluded from the primary analysis or 
included in sensitivity analyses to evaluate their impact 
on the overall findings.

Statistical analysis
Statistical analysis was conducted using STATA version 
14.0 (StataCorp, College Station, Texas, USA). The prog-
nostic impact of the CALLY index on survival outcomes 
was evaluated using pooled HRs with 95% CIs. In accor-
dance with standard practice, HRs derived from multi-
variable analysis were prioritized for analysis unless only 
univariate HRs were available. A random-effects model 
was employed to accommodate anticipated between-
study heterogeneity, quantified through the I² statistic 
complemented by Cochran’s Q-test, with thresholds set 
at I² ≥50% and/or Q-test Ph < 0.10 to define substantial 
heterogeneity. Meta-regression was performed to iden-
tify potential sources of heterogeneity, such as sample 
size, study region, cancer type, cutoff value, analysis 
method, and treatment strategy. Subgroup analyses were 
conducted based on these factors, with pooled HRs cal-
culated for each subgroup. Sensitivity analyses were per-
formed by sequentially excluding each study to assess the 
stability of the pooled HR. Publication bias was evaluated 
using Egger’s test. All statistical tests were two-tailed, 
with significance set at P < 0.05.

Results
Study selection
Based on the search strategy, a total of 93 articles were 
initially identified in English-language databases. Follow-
ing a rigorous screening process, 27 articles were selected 
for full-text assessment. Of these, nine articles were 
excluded for the following reasons: seven studies focused 
on other cancer types, one lacked prognostic data, and 
one was a non-cancer study. Ultimately, 18 articles, 
encompassing 19 distinct studies, met the inclusion crite-
ria and were incorporated into the final meta-analysis (as 
illustrated in Fig. 1).

Study characteristics
The included retrospective studies were conducted in 
Germany, Japan, and China and published between 2021 
and 2024, covering seven types of digestive system can-
cers: colorectal cancer [13, 14, 16], esophageal cancer 
[10, 17, 18], gastric cancer [6, 19–24], hepatocellular 
carcinoma [9, 12], cholangiocarcinoma [25], oral cav-
ity squamous cell carcinoma [26], and pancreatic cancer 
[27]. Collectively, the studies included 7,951 patients who 
received treatments such as surgery, transarterial che-
moembolization, and other synthesized therapies, span-
ning the period from 2000 to 2023. Sample sizes ranged 
from 143 to 1,260 patients, and patients were divided 
into groups based on varying pre-treatment CALLY 

index cutoff values. Different studies employed a vari-
ety of methods to determine the cutoff values, includ-
ing receiver operating characteristics (ROC) analysis (14 
studies), R software (1 study), max-statistics (1 study), 
restricted cubic spline (RCS) model (1 study), and pre-
viously reported thresholds (2 studies). The prognostic 
data provided by these studies included OS in 18 studies, 
disease-free survival (DFS) in 6 studies, recurrence-free 
survival (RFS) in 8 studies, and cancer-specific survival 
(CSS) in 2 studies. Notably, all studies estimated HRs 
using univariate analysis, and 18 studies also conducted 
multivariate analysis. Based on quality assessment, all 
articles were considered high-quality studies. Detailed 
information on the included studies is provided in 
Table 1.

Prognostic value of the CALLY index in predicting survival 
outcomes in digestive system cancers
The meta-analysis assessed the prognostic impact of the 
CALLY index on survival outcomes across digestive sys-
tem cancers. Lower CALLY index values were consis-
tently associated with poorer prognoses. In particular, 
the OS analysis showed a significant increase in mortal-
ity risk, with HRs from 18 studies (7,633 patients) yield-
ing a pooled HR of 1.973 (95% CI: 1.734–2.244) (Fig. 2). 
This result indicated a nearly twofold increase in the risk 
of mortality for patients with lower CALLY index values. 
For DFS, 6 studies (1,747 patients) reported a pooled HR 
of 2.093 (95% CI: 1.682–2.604) (Fig. 3a), further empha-
sizing the CALLY index’s strong prognostic impact. 
Additionally, RFS across 8 studies (3,099 patients) 
showed an HR of 1.462 (95% CI: 1.292–1.654) (Fig. 3b), 
and CSS, from 2 studies (881 patients), yielded an HR of 
2.456 (95% CI: 1.887–3.221) (Fig.  3c). All results dem-
onstrated statistical significance, with P-values < 0.001, 
affirming the CALLY index’s utility in predicting adverse 
outcomes across digestive system cancers.

For the OS analysis, a mild level of heterogeneity was 
observed (I² = 43.1%, Ph = 0.027). To investigate poten-
tial sources of this heterogeneity, a meta-regression 
analysis was performed on key covariates. The results 
indicated that none of the assessed variables significantly 
explained the heterogeneity: sample size (P = 0.460), 
study region (P = 0.316), cancer type (P = 0.139), cutoff 
value (P = 0.973), analysis method (P = 0.102), and treat-
ment strategy (P = 0.083). These findings suggested that 
the mild heterogeneity observed in OS outcomes associ-
ated with the CALLY Index was not attributable to these 
study-level characteristics, supporting the consistency of 
the CALLY Index as a prognostic factor across various 
study designs and patient populations within digestive 
system cancers.
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Subgroup analysis of CALLY index and overall survival in 
patients with digestive system cancers
Given the critical role of OS as a primary endpoint in 
prognostic evaluations, subgroup analyses were per-
formed to explore the relationship between the CALLY 
index and OS across different categories (Table 2).

By treatment strategy: Patients undergoing surgery had 
a stronger association, with a pooled HR of 2.014 (95% 
CI: 1.794–2.260, P < 0.001), while those receiving synthe-
sized therapies had a somewhat lower HR of 1.700 (95% 
CI: 1.260–2.293, P < 0.001).

By cancer type: Among various digestive system cancer 
types, gastrointestinal, gastric, colorectal, and esophageal 
cancers showed the strongest associations, with pooled 
HRs of 2.009 (95% CI: 1.708–2.364, P < 0.001), 1.775 (95% 
CI: 1.517–2.078, P < 0.001), 1.970 (95% CI: 1.383–2.807, 
P < 0.001), and 2.789 (95% CI: 1.890–4.116, P < 0.001), 
respectively. In contrast, the hepatobiliary pancreatic 
cancer subgroup had an HR of 1.712 (95% CI: 1.466-
2.000, P < 0.001).

By CALLY index cutoff values: A cutoff value ≤ 3 
showed a pooled HR of 1.977 (95% CI: 1.623–2.409, 
P < 0.001), while a cutoff value > 3 demonstrated a similar 
HR of 1.996 (95% CI: 1.688–2.361, P < 0.001).

By sample size: Studies with fewer than 300 patients 
had a higher HR of 2.131 (95% CI: 1.657–2.741, P < 0.001), 
while studies with larger sample sizes (≥ 300 patients) 
showed a more moderate HR of 1.871 (95% CI: 1.674–
2.091, P < 0.001).

By study region: Studies conducted in Japan reported 
an HR of 1.932 (95% CI: 1.715–2.176, P < 0.001), while 
those from China had a significantly higher HR of 2.213 
(95% CI: 1.392–3.518, P = 0.001).

Sensitivity and publication bias analysis
A sensitivity analysis was performed to assess the stabil-
ity of the association between the CALLY index and OS. 
The results confirmed the robustness of the findings, 
with each predictive point remaining within the 95% CI 
(Fig. 4). To assess publication bias, Egger’s test was per-
formed, yielding a P-value of 0.053 (Fig.  5). Although 
this value was slightly above the conventional threshold 
for statistical significance, it suggested minimal publica-
tion bias, thereby supporting the validity of the findings. 
Overall, these analyses underscored the consistent asso-
ciation between a lower CALLY index and poorer OS in 
the included studies.

Discussion
The treatment of cancer remains a complex process. 
Despite significant advancements in surgical techniques 
and multidisciplinary treatments in recent years, not all 
patients benefit equally, primarily due to variations in 
their baseline health status. Therefore, assessing patients’ A
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pre-treatment conditions is crucial. Evaluation systems 
such as PNI, the Charlson comorbidity index, and the 
mGPS have been shown to assist clinicians in optimiz-
ing treatment plans and improving patient outcomes [7, 
8, 28]. Unlike these traditional indices, the CALLY index 
provides a more comprehensive reflection of a patient’s 
inflammatory, nutritional, and immune status, offering 
unique advantages in prognostic evaluation. As an acces-
sible, simple, and cost-effective marker derived from 
blood tests, preliminary evidence supports the potential 
clinical utility of the CALLY index.

The CALLY index, by integrating serum albumin, 
lymphocyte count, and CRP, provides a comprehen-
sive assessment of a patient’s physiological state, linking 
inflammation, nutritional status, and immune function 
with cancer progression and prognosis. Specifically, albu-
min is a widely recognized marker of nutritional status, 
synthesized in the liver and crucial for maintaining pro-
tein reserves necessary for physiological resilience, par-
ticularly under stress. Low albumin levels, often resulting 
from inflammation-induced liver dysfunction or malnu-
trition, are associated with poorer outcomes in cancer 
patients [29]. CRP serves as a marker of systemic inflam-
mation, typically elevated in cancer patients due to cyto-
kines like interleukin-6 and tumor necrosis factor-alpha 
produced by both tumor and immune cells. Elevated 
CRP levels are associated with increased tumor aggres-
siveness, as chronic inflammation supports a tumor-pro-
moting microenvironment [30]. Lymphocytes, essential 

to adaptive immunity, play a vital role in tumor surveil-
lance, with low lymphocyte counts indicating a weakened 
immune defense [31]. Together, these components within 
the CALLY index offer a holistic assessment of a patient’s 
ability to manage tumor growth and recovery. A higher 
CALLY index indicates a favorable balance across nutri-
tional, immune, and inflammatory domains—factors 
linked to improved survival outcomes. Conversely, a low 
CALLY index may be associated with increased postop-
erative complications, delayed initiation of adjuvant ther-
apy, and ultimately compromise survival.

In this meta-analysis, we included 7,951 patients with 
digestive system cancers from 19 studies. Our results 
confirmed that a lower pre-treatment CALLY index was 
significantly associated with worse prognosis, show-
ing consistent predictive value across OS, DFS, RFS, 
and CSS. These findings suggested that the patient sta-
tus reflected by the CALLY index was both scientifically 
sound and accurate, supporting its potential as an impor-
tant component of pre-treatment evaluation systems for 
digestive system cancers.

Notably, this meta-analysis underscored the CALLY 
index’s potential as an effective preoperative risk strati-
fication tool for patients with digestive system can-
cers. Importantly, the CALLY index could be practically 
applied in surgical settings by guiding personalized mod-
ifications in perioperative nutritional support, the timing 
of adjuvant therapies, and the intensity of follow-up, ulti-
mately optimizing postoperative outcomes. By capturing 

Fig. 2  Forest plots of overall survival in patients with digestive system cancers stratified by CALLY index levels
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critical physiological indicators—nutritional status, 
immune function, and inflammation—that influence 
cancer prognosis, the CALLY index provides a balanced 
assessment of a patient’s recovery potential. Analysis 
of 5,409 surgical patients from 15 studies revealed that 

patients with higher CALLY index had improved post-
operative survival, indicating that those with stronger 
nutritional and immune profiles and lower inflamma-
tion levels tend to achieve more favorable post-surgical 
outcomes. Moreover, previous studies have shown that 

Table 2  Subgroup analyses of CALLY index and OS in digestive system cancers
Categories Studies (patients) HR (95% CI) I2 (%)* Ph

* Z P
Treatment strategy Surgery 15(5409) 2.014(1.794–2.260) 29.5 0.135 11.90 < 0.001

Synthesized treatment 3(2224) 1.700(1.260–2.293) 74.8 0.019 3.48 < 0.001
Cancer type Gastrointestinal cancer 12(5819) 2.009(1.708–2.364) 39.8 0.076 8.41 < 0.001

Gastric cancer 7(3392) 1.775(1.517–2.078) 18.2 0.291 7.15 < 0.001
Colorectal cancer 3(2101) 1.970(1.383–2.807) 56.2 0.102 3.75 < 0.001
Esophageal cancer 2(326) 2.789(1.890–4.116) 35.6 0.213 5.16 < 0.001
Hepatobiliary pancreatic cancer 5(1535) 1.712(1.466-2.000) 0.0 0.889 6.78 < 0.001

Cutoff value ≤ 3 10(5340) 1.977(1.623–2.409) 65.1 0.002 6.76 < 0.001
> 3 8(2293) 1.996(1.688–2.361) 0.0 0.814 8.07 < 0.001

Sample size < 300 9(1992) 2.131(1.657–2.741) 58.0 0.014 5.89 < 0.001
≥ 300 9(5641) 1.871(1.674–2.091) 22.9 0.240 11.03 < 0.001

Study region Japan 14(5130) 1.932(1.715–2.176) 0.0 0.514 10.85 < 0.001
China 3(2223) 2.213(1.392–3.518) 86.9 < 0.001 3.36 0.001

* The random effect model was used, when the I2 > 50% or Ph < 0.10, otherwise the fixed effect model was applied; CALLY C-reactive protein-albumin-lymphocyte; OS 
overall survival; HR hazard ration; CI confidence interval; Ph P-value for heterogeneity based on Q test; P P-value for statistical significance based on Z test

Fig. 3  Forest plots of survival outcomes in patients with digestive system cancers: (a) Disease-Free Survival, (b) Recurrence-Free Survival, and (c) Cancer-
Specific Survival Stratified by CALLY Index Levels
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preoperative nutritional support and anti-inflammatory 
treatments can improve postoperative recovery, further 
supporting the rationale for CALLY index-guided inter-
ventions [7, 8, 28]. In line with these findings, prospec-
tive interventional studies such as those by Schuetz et 
al. [32] and the ESPEN guidelines by Arends et al. [33] 
underscored that individualized nutritional strategies 

and tailored perioperative treatment could significantly 
enhance recovery, thereby lending support to the fea-
sibility of establishing the CALLY index as a clinically 
actionable biomarker for perioperative risk stratification. 
Additionally, subgroup analyses in this meta-analysis 
demonstrated the CALLY index’s effectiveness across 
various digestive system cancer types, with the strongest 

Fig. 5  Assessment of publication bias in the included studies using Egger’s test

 

Fig. 4  Sensitivity analysis of overall survival in patients with digestive system cancers
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associations observed in gastrointestinal cancers—specif-
ically esophageal, colorectal, and gastric cancers—while 
a comparatively weaker association was noted in the 
hepatobiliary pancreatic cancer subgroup. These findings 
reinforced its suitability as a tool for personalized risk 
management, enabling tailored treatment strategies that 
aligned with each patient’s unique physiological profile.

Despite its prognostic utility, the clinical applica-
tion of the CALLY index requires careful consideration. 
Variations in cutoff values, sample sizes, and geographic 
regions did not significantly alter its prognostic value 
in this meta-analysis, suggesting its robustness across 
diverse clinical settings. However, the absence of stan-
dardized cutoff points remains a limitation, poten-
tially affecting reliability and cross-study comparability. 
Standardization of cutoff values or demographic-spe-
cific adjustments, particularly accounting for regional 
variations, may enhance its clinical utility. Addition-
ally, variations in baseline characteristics, particularly 
in populations with comorbid inflammatory or hepatic 
conditions, may compromise the index’s specificity. For 
instance, in regions with prevalent chronic liver dis-
eases, elevated CRP levels may reflect hepatic inflamma-
tion rather than tumor biology, complicating prognostic 
interpretation. Future research should stratify popula-
tions based on inflammatory and liver disease status or 
develop correction models to mitigate confounding fac-
tors, while also conducting further multicenter studies 
that account for geographic and population-based dif-
ferences to validate and potentially calibrate the index, 
ultimately optimizing its role as a pre-treatment risk 
assessment tool.

Based on the results of this meta-analysis, we believe 
that the CALLY index holds significant promise as an 
easily accessible and cost-effective prognostic tool for 
patients with digestive system cancers. Compared with 
traditional indexes such as PNI and mGPS, the CALLY 
index can provide valuable information for clinicians to 
guide pre-treatment evaluation and personalize treat-
ment strategies by assessing patients’ nutritional status, 
immune function, and inflammatory state. Incorporat-
ing the CALLY index into clinical practice can improve 
decision-making processes, especially in preoperative 
risk stratification, and facilitate more tailored interven-
tions to optimize patient outcomes. For instance, patients 
with low CALLY index scores might benefit from pre-
operative nutritional support, anti-inflammatory treat-
ments, and immunomodulatory therapies. It is important 
to note that the cutoff values used across included stud-
ies were derived using diverse methods (e.g., ROC anal-
ysis, R software, max-statistics, RCS model, or based 
on previous reports, as summarized in Table 1), and no 
universally accepted threshold exists in the current clini-
cal setting. To address this issue, further prospective 

studies, particularly those with diverse populations and 
large sample sizes, will be essential to establish more 
robust and standardized cutoff values for clinical appli-
cation. Moreover, explicit evaluation of potential regional 
influences—such as differences in genetic backgrounds, 
dietary habits, and tumor biology—should be under-
taken to clarify whether these factors modify the CALLY 
index’s prognostic performance. These studies can fur-
ther explore the roles of this index and other traditional 
ones in different cancer types, along with their potential 
for patient monitoring during the entire treatment. This 
will offer more comprehensive prognostic insights.

Several limitations should be noted. In summary, our 
study was limited by three key factors: the retrospec-
tive nature of the included studies, the lack of universally 
standardized cutoff values for the CALLY index, and the 
potential confounding effects of comorbidities on index 
levels. First, the analysis primarily included retrospective 
studies, which were inherently subject to potential biases 
in patient selection, data collection, and reporting. More-
over, although studies from multiple geographic regions 
were included, the sample predominantly consisted of 
studies from East Asia. This geographic concentration 
may reflect underlying differences in genetic predisposi-
tion, dietary factors, and tumor biology that could affect 
the CALLY index’s performance, underscoring the need 
for external validation in more diverse populations. Addi-
tionally, a lack of universally standardized CALLY index 
cutoff values across studies also presented a limitation, 
potentially impacting the reliability and cross-study com-
parability of results. Furthermore, the adjustment for 
various prognostic factors in the multivariate analyses 
differed among studies, which may affect the stability of 
the CALLY index as an independent prognostic marker. 
Lastly, due to the inability to further explore diseases 
that might affect CALLY index levels in cancer patients 
within this meta-analysis, determining whether the 
CALLY index accurately reflected tumor-specific condi-
tions remained a challenge.

Conclusion
This meta-analysis supports the CALLY index as a robust 
prognostic tool for digestive system cancers, with lower 
levels linked to poorer outcomes. Subgroup analyses 
further highlight its utility in pre-treatment risk strati-
fication, especially among surgical patients. Future 
prospective multicenter studies should adopt a registry-
based design, validate findings in geographically diverse 
populations, and explore correlations with nutritional 
and inflammatory markers, alongside standardizing cut-
off values and evaluating CALLY-based interventions.

Abbreviations
PIV	� Pan-Immune-Inflammation Value
NLR	� Neutrophil-to-Lymphocyte Ratio



Page 11 of 12Wu et al. BMC Cancer          (2025) 25:672 

CRP	� C-Reactive Protein
mGPS	� Modified Glasgow Prognostic Score
PNI	� Prognostic Nutritional Index
CALLY	� CRP-Albumin-Lymphocyte Index
OS	� Overall Survival
HR	� Hazard Ratio
CI	� Confidence Interval
DFS	� Disease-Free Survival
RFS	� Recurrence-Free Survival
CSS	� Cancer-Specific Survival
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
NOS	� Newcastle-Ottawa Scale
ROC	� Receiver operating characteristics
RCS	� Restricted cubic spline

Supplementary Information
The online version contains supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​
g​/​​1​0​.​​1​1​8​6​​/​s​​1​2​8​8​5​-​0​2​5​-​1​4​0​7​4​-​3.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
Not applicable.

Author contributions
Study conception and design: B W and JH L; Material preparation, data 
retrieval, and analysis: JT L, CD S, and DL Y; Interpretation of the results: JT L, 
DL Y, and JH L; Paper writing: B W and JH L. All authors read and approved the 
final manuscript.

Funding
This research received partial funding from the Zhejiang Traditional Chinese 
Medicine Administration (Grant No. 2023ZL221).

Data availability
All data are available from the corresponding author.

Declarations

Ethics approval and consent to participate
As the data utilized in this study were derived exclusively from publicly 
available databases, ethical approval and informed consent were not required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 February 2025 / Accepted: 2 April 2025

References
1.	 Li Q, Xia C, Li H, Yan X, Yang F, Cao M, et al. Disparities in 36 cancers across 

185 countries: secondary analysis of global cancer statistics. Front Med. 
2024;18(5):911–20. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​1​6​8​4​-​0​2​4​-​1​0​5​8​-​6.

2.	 Lou P, Luo D, Huang Y, Chen C, Yuan S, Wang K. Establishment and valida-
tion of a prognostic nomogram for predicting postoperative overall 
survival in advanced stage III-IV colorectal cancer patients. Cancer Med. 
2024;13(22):e70385. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​c​​a​m​4​.​7​0​3​8​5.

3.	 Shen L, Chen Z, Zhang Z, Wu Y, Ren Y, Li Y, et al. Clinical efficacy of taxol plus 
platinum (TP) chemotherapy combined with delayed administration of 
PD-1 inhibitors in patients with locally advanced, recurrent or metastatic 

esophageal squamous cell carcinoma: A retrospective study. Drug Des Devel 
Ther. 2024;18:2761–73. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​D​​D​D​T​.​S​4​5​5​2​4​8.

4.	 Wang F, Jiang C, He W, Li H, Guo GF, Xu L. Assessing the prognostic value of 
13 Inflammation-Based scores in patients with unresectable or advanced bili-
ary tract carcinoma after immunotherapy. Immunotargets Ther. 2024;13:541–
57. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​4​7​​/​I​​T​T​.​S​4​7​1​5​0​2.

5.	 Skapinker E, Aucoin EB, Kombargi HL, Yaish AM, Li Y, Baghaie L, et al. 
Contemporaneous inflammatory, angiogenic, fibrogenic, and angiostatic 
cytokine profiles of the Time-to-Tumor development by cancer cells to 
orchestrate tumor neovascularization, progression, and metastasis. Cells. 
2024;13(20):1739. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​e​l​l​s​1​3​2​0​1​7​3​9.

6.	 Kang W, Zhao H, Lian Q, Li H, Zhou X, Li H, et al. Prognostic prediction and risk 
stratification of transarterial chemoembolization combined with targeted 
therapy and immunotherapy for unresectable hepatocellular carcinoma: A 
Dual-Center study. J Hepatocell Carcinoma. 2024;11:2169–79. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​​2​1​4​7​​/​J​​H​C​.​S​4​8​7​0​8​0.

7.	 Tanaka Y, Inoue D, Tsuyoshi H, Nakamura Y, Kato M, Kato M, et al. Usefulness 
of nutritional assessment indicators in predicting treatment discontinua-
tion due to adverse events from PARP inhibitors in ovarian cancer patients. 
Cancers (Basel). 2024;16(21):3602. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​a​n​c​e​r​s​1​6​2​1​3​6​0​2.

8.	 Maehira H, Mori H, Nitta N, Maekawa T, Nishina Y, Ishikawa H et al. Clinical 
impact of the prognostic nutritional index and skeletal muscle index for the 
incompletion of adjuvant chemotherapy for pancreatic cancer. Asian J Surg. 
2024:S1015-9584(24)02484-9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​s​​j​s​u​​r​.​2​0​​2​4​​.​1​0​.​1​5​1

9.	 Iida H, Tani M, Komeda K, Nomi T, Matsushima H, Tanaka S, et al. Superiority of 
CRP-albumin-lymphocyte index (CALLY index) as a non-invasive prognostic 
biomarker after hepatectomy for hepatocellular carcinoma. HPB (Oxford). 
2022;24(1):101–15. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​h​p​b​.​2​0​2​1​.​0​6​.​4​1​4.

10.	 Aoyama T, Hashimoto I, Maezawa Y, Hara K, Kazama K, Komori K, et al. CRP-
albumin-lymphocyte (CALLY) index is an independent prognostic factor for 
the esophageal cancer patients who received curative treatment. Anticancer 
Res. 2024;44(2):815–22. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​8​7​​3​/​​a​n​t​i​c​a​n​r​e​s​.​1​6​8​7​3.

11.	 Zhang H, Shi J, Xie H, Liu X, Ruan G, Lin S, et al. Superiority of CRP-albumin-
lymphocyte index as a prognostic biomarker for patients with gastric cancer. 
Nutrition. 2023;116:112191. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​n​u​t​.​2​0​2​3​.​1​1​2​1​9​1.

12.	 Müller L, Hahn F, Mähringer-Kunz A, Stoehr F, Gairing SJ, Michel M, et 
al. Immunonutritive scoring for patients with hepatocellular carcinoma 
undergoing transarterial chemoembolization: evaluation of the CALLY index. 
Cancers (Basel). 2021;13(19):5018. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​9​0​​/​c​​a​n​c​e​r​s​1​3​1​9​5​0​1​8.

13.	 Yang M, Lin SQ, Liu XY, Tang M, Hu CL, Wang ZW, et al. Association between 
C-reactive protein-albumin-lymphocyte (CALLY) index and overall survival 
in patients with colorectal cancer: from the investigation on nutrition 
status and clinical outcome of common cancers study. Front Immunol. 
2023;14:1131496. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​i​m​m​u​.​2​0​2​3​.​1​1​3​1​4​9​6.

14.	 Shiraishi T, Nonaka T, Tominaga T, Takamura Y, Oishi K, Hashimoto S, et al. The 
C-reactive protein-albumin-lymphocyte (CALLY) index is a useful predictor of 
postoperative complications in patients with a colonic stent for obstructive 
colorectal cancer: a Japanese multicenter study. Surg Today. 2024. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​
o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​5​9​5​-​0​2​4​-​0​2​9​2​4​-​9.

15.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment 
of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. 
2010;25(9):603–5. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​1​0​6​5​4​-​0​1​0​-​9​4​9​1​-​z.

16.	 Takeda Y, Sugano H, Okamoto A, Nakano T, Shimoyama Y, Takada N, et al. 
Prognostic usefulness of the C-reactive protein-albumin-lymphocyte (CALLY) 
index as a novel biomarker in patients undergoing colorectal cancer surgery. 
Asian J Surg. 2024;47(8):3492–8. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​a​s​​j​s​u​​r​.​2​0​​2​4​​.​0​3​.​0​5​4.

17.	 Ma R, Okugawa Y, Shimura T, Yamashita S, Sato Y, Yin C, et al. Clinical implica-
tions of C-reactive protein-albumin-lymphocyte (CALLY) index in patients 
with esophageal cancer. Surg Oncol. 2024;53:102044. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​
/​j​​.​s​u​​r​o​n​​c​.​2​0​​2​4​​.​1​0​2​0​4​4.

18.	 Feng J, Wang L, Yang X, Chen Q. Clinical significance of preoperative CALLY 
index for prognostication in patients with esophageal squamous cell carci-
noma undergoing surgery. Sci Rep. 2024;14(1):713. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​3​8​​/​s​​
4​1​5​9​8​-​0​2​3​-​5​1​1​0​9​-​w.

19.	 Nakashima K, Haruki K, Kamada T, Takahashi J, Tsunematsu M, Ohdaira H, et 
al. Usefulness of the C-Reactive protein (CRP)-Albumin-Lymphocyte (CALLY) 
index as a prognostic indicator for patients with gastric cancer. Am Surg. 
2024;90(11):2703–9. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​1​7​7​​/​0​​0​0​3​1​3​4​8​2​4​1​2​4​8​6​9​3.

20.	 Fukushima N, Masuda T, Tsuboi K, Takahashi K, Yuda M, Fujisaki M, et al. 
Prognostic significance of the preoperative C-reactive protein-albumin-
lymphocyte (CALLY) index on outcomes after gastrectomy for gastric cancer. 
Surg Today. 2024;54(8):943–52. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​7​​/​s​​0​0​5​9​5​-​0​2​4​-​0​2​8​1​3​-​1.

https://doi.org/10.1186/s12885-025-14074-3
https://doi.org/10.1186/s12885-025-14074-3
https://doi.org/10.1007/s11684-024-1058-6
https://doi.org/10.1002/cam4.70385
https://doi.org/10.2147/DDDT.S455248
https://doi.org/10.2147/ITT.S471502
https://doi.org/10.3390/cells13201739
https://doi.org/10.2147/JHC.S487080
https://doi.org/10.2147/JHC.S487080
https://doi.org/10.3390/cancers16213602
https://doi.org/10.1016/j.asjsur.2024.10.151
https://doi.org/10.1016/j.hpb.2021.06.414
https://doi.org/10.21873/anticanres.16873
https://doi.org/10.1016/j.nut.2023.112191
https://doi.org/10.3390/cancers13195018
https://doi.org/10.3389/fimmu.2023.1131496
https://doi.org/10.1007/s00595-024-02924-9
https://doi.org/10.1007/s00595-024-02924-9
https://doi.org/10.1007/s10654-010-9491-z
https://doi.org/10.1016/j.asjsur.2024.03.054
https://doi.org/10.1016/j.suronc.2024.102044
https://doi.org/10.1016/j.suronc.2024.102044
https://doi.org/10.1038/s41598-023-51109-w
https://doi.org/10.1038/s41598-023-51109-w
https://doi.org/10.1177/00031348241248693
https://doi.org/10.1007/s00595-024-02813-1


Page 12 of 12Wu et al. BMC Cancer          (2025) 25:672 

21.	 Hashimoto I, Tanabe M, Onuma S, Morita J, Nagasawa S, Maezawa Y, et al. 
Clinical impact of the C-reactive Protein-albumin-lymphocyte index in Post-
gastrectomy patients with gastric cancer. Vivo. 2024;38(2):911–6. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​​2​1​8​7​​3​/​​i​n​v​i​v​o​.​1​3​5​1​8.

22.	 Okugawa Y, Ohi M, Kitajima T, Higashi K, Sato Y, Yamashita S, et al. Clinical 
feasibility of the preoperative C-reactive protein-albumin-lymphocyte index 
to predict short- and long-term outcomes of patients with gastric cancer. J 
Gastrointest Surg. 2024;28(7):1045–50. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​g​a​​s​s​u​​r​.​2​0​​2​4​​.​0​
4​.​0​1​6.

23.	 Aoyama T, Maezawa Y, Hashimoto I, Hara K, Tamagawa A, Kazama K, et al. The 
CRP-albumin-lymphocyte (CALLY) index is an independent prognostic factor 
for gastric cancer patients who receive curative treatment. Anticancer Res. 
2024;44(4):1629–36. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​2​1​8​7​​3​/​​a​n​t​i​c​a​n​r​e​s​.​1​6​9​6​1.

24.	 Sakurai K, Kubo N, Hasegawa T, Nishimura J, Iseki Y, Nishii T, et al. Clinical 
significance of the CALLY index in patients with gastric cancer undergoing 
gastrectomy. World J Surg. 2024;48(11):2749–59. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​w​​j​s​.​
1​2​3​5​7.

25.	 Tsunematsu M, Haruki K, Taniai T, Tanji Y, Shirai Y, Furukawa K, et al. The impact 
of C-reactive protein-albumin-lymphocyte (CALLY) index on the prognosis 
of patients with distal cholangiocarcinoma following pancreaticoduodenec-
tomy. Ann Gastroenterol Surg. 2022;7(3):503–11. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​0​2​​/​a​​g​s​
3​.​1​2​6​3​7.

26.	 Tsai YT, Ko CA, Chen HC, Hsu CM, Lai CH, Lee YC, et al. Prognostic value of 
CRP-Albumin-Lymphocyte (CALLY) index in patients undergoing surgery for 
oral cavity cancer. J Cancer. 2022;13(10):3000–12. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​7​1​5​0​​/​j​​c​a​.​
7​4​9​3​0.

27.	 Kawahara S, Aoyama T, Murakawa M, Kanemoto R, Matsushita N, Hashimoto 
I, et al. Clinical usefulness of C-reactive protein-albumin-lymphocyte (CALLY) 
index as a prognostic biomarker in patients undergoing surgical resection of 
pancreatic cancer. Langenbecks Arch Surg. 2024;409(1):317. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​​1​0​0​7​​/​s​​0​0​4​2​3​-​0​2​4​-​0​3​5​1​2​-​8.

28.	 Tumbarello M, Giuliano G, Criscuolo M, Del Principe MI, Papayannidis C, 
Fracchiolla NS, et al. Clinical impact of Ceftazidime/avibactam on the treat-
ment of suspected or proven infections in a large cohort of patients with 
haematological malignancies: a multicentre observational real-world study. J 
Antimicrob Chemother. 2024;dkae416. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​9​3​​/​j​​a​c​/​d​k​a​e​4​1​6.

29.	 Linciano S, Vigolo E, Rosato A, Kumada Y, Angelini A. Albumin-based strate-
gies to effectively prolong the circulation half-life of small Immunomodula-
tory payloads in cancer therapy. Curr Opin Biotechnol. 2024;90:103218. ​h​t​t​p​​s​:​
/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​j​​.​c​o​​p​b​i​​o​.​2​0​​2​4​​.​1​0​3​2​1​8.

30.	 Ma Y, Wang Y, Tuo P, Meng Z, Jiang B, Yuan Y, et al. Downregulation of C1R 
promotes hepatocellular carcinoma development by activating HIF-1α-
regulated Glycolysis. Mol Carcinog. 2024;63(11):2237–53. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​
0​0​2​​/​m​​c​.​2​3​8​0​6.

31.	 Ning J, Wang Y, Tao Z. The complex role of immune cells in antigen presenta-
tion and regulation of T-cell responses in hepatocellular carcinoma: progress, 
challenges, and future directions. Front Immunol. 2024;15:1483834. ​h​t​t​p​​s​:​/​​/​d​
o​i​​.​o​​r​g​/​​1​0​.​​3​3​8​9​​/​f​​i​m​m​u​.​2​0​2​4​.​1​4​8​3​8​3​4.

32.	 Schuetz P, Fehr R, Baechli V, Geiser M, Deiss M, Gomes F, et al. Individualised 
nutritional support in medical inpatients at nutritional risk: a randomised 
clinical trial. Lancet. 2019;393(10188):2312–21. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​​1​0​1​6​​/​S​​0​1​4​
0​-​6​7​3​6​(​1​8​)​3​2​7​7​6​-​4.

33.	 Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, et al. 
ESPEN guidelines on nutrition in cancer patients. Clin Nutr. 2017;36(1):11–48. ​
h​t​t​p​s​:​​​/​​/​d​o​​i​.​​o​r​​g​​/​​1​0​​.​1​0​​​1​​​6​/​j​.​c​​l​n​u​.​​2​0​1​​6​.​0​7​.​0​1​5.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.21873/invivo.13518
https://doi.org/10.21873/invivo.13518
https://doi.org/10.1016/j.gassur.2024.04.016
https://doi.org/10.1016/j.gassur.2024.04.016
https://doi.org/10.21873/anticanres.16961
https://doi.org/10.1002/wjs.12357
https://doi.org/10.1002/wjs.12357
https://doi.org/10.1002/ags3.12637
https://doi.org/10.1002/ags3.12637
https://doi.org/10.7150/jca.74930
https://doi.org/10.7150/jca.74930
https://doi.org/10.1007/s00423-024-03512-8
https://doi.org/10.1007/s00423-024-03512-8
https://doi.org/10.1093/jac/dkae416
https://doi.org/10.1016/j.copbio.2024.103218
https://doi.org/10.1016/j.copbio.2024.103218
https://doi.org/10.1002/mc.23806
https://doi.org/10.1002/mc.23806
https://doi.org/10.3389/fimmu.2024.1483834
https://doi.org/10.3389/fimmu.2024.1483834
https://doi.org/10.1016/S0140-6736(18)32776-4
https://doi.org/10.1016/S0140-6736(18)32776-4
https://doi.org/10.1016/j.clnu.2016.07.015
https://doi.org/10.1016/j.clnu.2016.07.015

	﻿Integrating inflammation, nutrition, and immunity: the CALLY index as a prognostic tool in digestive system cancers - a systematic review and meta-analysis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Protocol registration
	﻿Search strategy
	﻿Eligibility criteria
	﻿Selection process
	﻿Data extraction
	﻿Quality assessment
	﻿Statistical analysis

	﻿Results
	﻿Study selection
	﻿Study characteristics
	﻿Prognostic value of the CALLY index in predicting survival outcomes in digestive system cancers
	﻿Subgroup analysis of CALLY index and overall survival in patients with digestive system cancers
	﻿Sensitivity and publication bias analysis

	﻿Discussion
	﻿Conclusion
	﻿References


