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Abstract
Background

The aim of this study was to investigate the association between the serum complement component 3 “C3” level and the
patients with different types of cancer. Our study �nding would ultimately provide reliable scienti�c conclusions to guide
clinical practice.

Methods

PubMed, Embase, The Chorane Library and Google Scholar were systematically searched to identify all studies on serum C3
concentrations in cancer patients published as of September 2019. Additionally, we conducted a clinical study on serum C3 in
lung cancer patients and healthy people. The levels of serum complement C3 in 84 lung cancer patients and 30 healthy people
were examined by ELISA. We used standardized mean differences (SMD) to report the pooled estimation, and I² statistics were
calculated to examine the heterogeneity. For pooling estimates, a �xed effect meta-analysis was conducted on our studies.
Two independent reviewers extracted relevant data and conducted deviation risk assessment. Our Meta-analysis was
performed using STATA software and Review Manager 5.3.

Results

The C3 levels of 83 lung cancer patients were 1.07 ± 0.34, and 30 healthy people were 0.95 ± 0.17 (the unit is g/l, keep two
decimal places after the decimal point), and the p-value for t-test was 0.014 (<0.05). The overall C3 concentrations of cancer
patients were signi�cantly higher than the healthy control (SMD:0.30, 95%CI = 0.20 to 0.40 , p-value <0.00001). There was a
certain degree of heterogeneity in the article, but it was acceptable (χ² = 31.89, p-value = 0.02, I²= 44%).

Conclusions

Concentration analysis and this meta-analysis revealed that the serum C3 concentrations in cancer patients are signi�cantly
higher than that of healthy people. Further well-designed, large-scale, randomized controlled trials are needed to con�rm this
conclusion.

Keywords : Complement Component 3; Cancer Patients; Meta-Analysis

1. Background
Cancer refers to malignant tumors originating from epithelial tissues, which is one of the non-communicable diseases and has
become the main cause of death in the world [1]. It is estimated that there will be 18.1 million new cases and 1.6 million
cancers worldwide in 2018 [1]. More worrying, however, is that the number of cancer deaths worldwide will continue to rise and
is estimated to reach 11 million by 2030 [2]. Despite cancer poses a serious threat to human health, previous studies have
documented that a huge number of cancer-related deaths are preventable [3]. Approximately, 30–40% of new cancer cases and
nearly 60% of cancer deaths can be avoided by prevention from veri�ed and modi�able risk factors [4].

The complement system is part of the innate and acquired immune system. Complement is composed of more than 30 kinds
of proteins and widely exist in serum, tissue �uids, and cell membrane surfaces with a precise regulation mechanism. It plays
an important role in the activation of innate immune response system through three different pathways the classical, lectin,
and alternative pathways[5].

Complement Component 3 (C3) is the central molecule of the complement system. All complement pathways are concentrated
on the C3 molecule, which can be decomposed into C3a and C3b by protease cleavage and it can be activated automatically
on the surface of microorganisms or by other proteases such as kallikrein and thrombin molecules, which is known as
alternative pathway activation[6–8]. Complement activation on tumor cells leads to the production and covalent connection of
C3 activated fragments. Opsonin complement receptor, a common C3 activated fragment, is expressed by phagocytes and
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natural killer (NK) cells. It participates in complement C3 receptor tumor, which can enhance antitumor activity [9];[10, 11].
Complement activation also, leads to the production of C3a product, which is a decomposition product of C3 that, eventually
forms a cytolytic membrane attack complex (MAC) and enhances the antitumor effect in the body [9]. However, many soluble
and membrane-bound proteins play an important role in regulation of complement activity at different levels because
complement may be potentially harmful to the body tissues [12]. Improper complements activation can lead to many abnormal
physiological and pathological sequelae, which are the basis of many diseases, including in�ammatory diseases and
cancer[13].

C3 plays an important role in the occurrence, development and immune process against tumor. However, the imbalance of the
complement system may play a comprehensive and systematic role in the occurrence and development of tumors [14].
Previous research has shown that different concentrations of C3a may play different roles in tumor cells, suggesting that
complement C3 may be important in the development of tumors and may be concentration dependent [15].

At present, only a few clinical studies emphasize the functional importance of complement resistance to tumor cell survival
and disease progression [16]. Retrospective studies of serum C3 concentration in cancer patients are under explored to a large
extent and the data is controversial. Considering the importance of complement C3 in tumor pathogenesis, it is crucial to
obtain clinical information on the serum C3 concentrations of cancer patients in order to provide reliable scienti�c conclusions
to guide clinical practice and offer a reference for the diagnosis and treatment of cancer. With this background in mind, a meta-
analysis was carried out.

2. Methods

2.1 Patients and material
Serum complements concentrations were measured in 30 normal, apparently healthy donors and 84 lung cancer patients; 44
were male, 40 females, range 35–76 years old. Cancer patients who were presented to the A�liated Hospital of Medical
College, Qingdao University, Wendeng Municipal Hospital and Weihai People’s Hospital were included in the study, which
resided in Qingdao and Weihai, China. The serum of 30 healthy people who passed the physical examination was collected
from Nan’ao People's Hospital, Dapeng New District, Shenzhen. Each control group received written informed consent and
matched cancer patients according to gender, age and living area. The criteria for inclusion in the study were pathologically
con�rmed cancers and well-documented data of the disease. About 5 ml of venous blood samples were obtained from
participants who agreed to their participation in the study. The blood sample was allowed to stand overnight at room
temperature, allowed to coagulate and centrifuged at 3000 rpm for 10 minutes. The serum was collected in Eppendorf tubes
and stored at 4 °C for 24 hours and the concentration of C3 was detected by using complement C3 ELISA assay kit [Human
Complement C3 ELISA Kit (ab108822)] according to the instructions.

2.2 Ethics statement
This project of our clinical concentration analysis approved by the ethics committees of the A�liated Hospital of the Qingdao
University, Weihai People’s Hospital in Qingdao and Dapeng New District Nan’ao People’s Hospital of Shenzhen, China,
respectively. The purpose of the study and the procedures used in the study were explained to all participants, and written
informed consent was obtained. All serum samples analyzed in our case–control study was provided voluntarily by the
participants.

2.3 Data sources and search strategy
In order to observe the most relevant articles, databases including PubMed, Embase, The Chorane Library and Google Scholar
were searched systematically to determine relevant research published as of September 2019. Medical subject words and free-
text words were used in searches investigations in searches to ensure that the searches results were comprehensive. The
search process used the following keywords: (“Cancer” or “Cancers” or “Neoplasm”or “Neoplasia” or “Tumor” or “Tumors” or
“Malignancy” or “Neoplasia” or “Maligant Neoplasms” or “Malignant Neoplasm”) and (“C3” or “Complement 3” or
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“C3,Complement” or “Complement Component 3” or “Component 3,Complement” or “Complement, C3” or “Pro-C3” or “Pro C3”
or “C3 Precursor, complement” or “C3 Precursor” or “Precursor, C3” or “Pro-Complement 3” or “Pro Complement 3”). The two
researchers independently completed the search strategy and evaluated the titles and abstracts of all articles according to the
subsequent eligibility criteria.

2.4 Study inclusion and exclusion criteria
In our meta-analysis, the following inclusion criteria were considered: (1) Cancer patients included in the study must be
diagnosed and con�rmed as cancer patients, (2) the control group must be healthy people, (3) the original data of serum
complement C3 concentration is provided.

The standard of exclusion criteria include (1) reviews and abstract articles, (2) gene studies, (3) studies on mass spectrometry
and proteomics, (4) animal models studies, (5) studies did not provide the raw data of C3, (6) the concentration of C3 is not
from the serum, (7) Studies without control group, (8) the molecule studied is the study of C3 downstream molecules (C3a,
C3d, and C3b).

The quali�ed papers were carefully investigated and the data were extracted. Standardized data extraction was utilized to
process the data. If the opinions of the two researchers are not uniform, a discussion will be held to reach an agreement. The
information extracted from each study was as follows: the name of the �rst author, geographic location, publication year, the
numbers of experimental and control groups, p-value, type of cancer, and diagnostic method.

Newcastle-Ottawa scale was designed to assess the quality of non-randomized studies in meta-analysis [17]. The score range
of our studies is 0 to 9 point, where 0 to 4 points is considered a low-quality research, and from 5 to 9 points is a high-quality
research [18]. Two authors independently extracted data and rated each study for quality. A consensus was reached through
discussion to resolve differences and was reinforced by author (Zi-Guo Yuan).

2.5 Statistical analysis
The results of C3 concentration were presented as mean ± SD and the level of lung cancer patients was compared with that of
healthy controls by t-test (SPSS22.0 software). Statistical meta-analysis was performed using Revman (version 5.3.0) and
Stata (version 12.0; Cochrane collaboration) according to the PRISMA guidelines for performing this meta-analysis [19]. Forest
plots were used to visualize the results of each study and the heterogeneity among studies, which were used to calculate and
prepare it. Evaluation was carried out of the association between the cancer patients and C3 concentrations by standardized
mean difference (SMD) and its 95% con�dence interval (CIs). The heterogeneity was predicted and statistical methods with I²
and Cochrane Q (represented as χ2 and p-value) statistics were used to quantify the variations. For pooling estimates, a �xed
effect meta-analysis was conducted on our studies.

In our studies, subgroup including cancer type, publication year, diagnostic method, geographic location, different score of
quality and different p-value for the difference of C3 concentrations between the cancer patients and healthy control was
performed to analysis and identify the possible sources of heterogeneity. Furthermore, sensitivity analysis was carried out by
eliminating one study at a time using analysis software, and bias was evaluated by the "Begg test" and "Egger test". If the p-
value < 0.05 was obtained, statistical signi�cance would be achieved.

3. Results

3.1 Literature search results
Based on the literature search strategies, we initially got 2647 articles. After elimination of duplication, we screened the
abstracts of 2614 articles. We closely read the full text of 171 articles, excluding 157 based on the criteria which were
mentioned above. Finally, 10 articles including 18 studies published between 1976 and 2006 with 744 cancer patients and 528
healthy controls were considered eligible and were incorporated into the meta-analysis [20];[21];[22];[23];[24];[25];[26]; [27];[28];
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[29]. After joining research of our own (named Yang ZP, 2020), the characteristics of 19 studies included in the present meta-
analysis are shown in Table 1. Figure 1 shows a �ow-process diagram for selecting the studies involved.
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Table 1
Study characteristics of the meta-analysis of C3 concentrations in cancer patients.

Study Year Country Cancer
patients

  Healthy control Type of
cancer

p-
value

Method

      C3
(mean 
± SD)

Sample
size

C3
(mean 
± SD)

Sample
size

     

Bozzetti F 1982 Italy 118.22 
± 24.17

23 109.65 
± 24.95

34 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Bozzetti F
2

1982 Italy 108.17 
± 24.5

29 109.65 
± 24.95

34 Breast cervix P > 0.
05

single radial
immune
diffusion

Bozzetti F
3

1982 Italy 108.04 
± 28.69

26 109.65 
± 24.95

34 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Bozzetti F
4

1982 Italy 107.54 
± 22.61

11 109.65 
± 24.95

34 Breast cervix P > 0.
05

single radial
immune
diffusion

Chang WY 1988 Republic
of China

113 ± 
28.8

20 87 ± 
16.2

20 Digestive
cancer

P 0.05 nephelometry

Study Year Country Cancer
patients

  Healthy control Type of
cancer

p-
value

Method

      C3
(mean 
± SD)

Sample
size

C3
(mean 
± SD)

Sample
size

     

Fust G 1985 Hungary 122.6 ± 
52.6

85 125.5 
± 27.5

65 Leukaemia P > 0.
05

single radial
immune
diffusion

HUMLOVÁ
Z

2006 Czech 101 ± 
19.0

24 95.0 ± 
16.0

24 Chronic
Myeloid
Leukaemia.

P > 0.
05

nephelometry

Janssen
CW

1983 Czech 89.6 ± 
15.8

11 91.0 ± 
16.0

100 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Janssen
CW 2

1983 Czech 92.7 ± 
20.4

36 91.0 ± 
16.0

100 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Janssen
CW 3

1983 Czech 94.7 ± 
26.5

37 91.0 ± 
16.0

100 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Janssen
CW 4

1983 Czech 99.1 ± 
24.3

84 91.0 ± 
16.0

100 Digestive
cancer

P > 0.
05

single radial
immune
diffusion

Note: SD-standard deviation, CI-Con�dence Interval, P-p-value, C3-Complement Component 3, ELISA-Enzyme-linked
immunosorbent assay

aThe concentration of C3 is expressed in mg/dl;

bStatistically, the p-value obtained by the signi�cance test method is generally signi�cant at P < 0.05 in t-test, which means
that the probability of differences between samples due to sampling errors is less than 0.05.
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Study Year Country Cancer
patients

  Healthy control Type of
cancer

p-
value

Method

Study Year Country Cancer
patients

  Healthy control Type of
cancer

p-
value

Method

      C3
(mean 
± SD)

Sample
size

C3
(mean 
± SD)

Sample
size

     

Minh DQ 1983 Hungary 139 ± 
43.1

41 125 ± 
27.5

65 Leukaemia P 0.05 Single radial
immune
diffusion

Oner F 2004 Turkey 110.0 ± 
87.0

10 103.0 
± 59.0

22 Lung Cancer P 0.05 Single radial
immune
diffusion

Oner F 2 2004 Turkey 107.0 ± 
55.0

24 103.0 
± 59.0

22 Lung Cancer P 0.05 Single radial
immune
diffusion

Verhaegen
H

1976 Belgium 93.53 ± 
23.51

197 81.85 
± 12.17

85 Other P 0.05 Single radial
immune
diffusion

Varga L 1995 Hungary 132 ± 
58

28 125.5 
± 27.5

65 Chronic
Lymphocytic
leukaemia

P > 0.
05

Single radial
immunodiffusion

Heier HE 1978 Norway 108.7 ± 
36.9

27 84.0 ± 
18.3

48 Hodgkin’s
Disease

P 0.05 Single radial
immune
diffusion

Heier HE 2 1978 Norway 97.9 ± 
31.0

31 84.0 ± 
18.3

48 Other P > 0.
05

Single radial
immune
diffusion

Yang ZP 2020 China 107.49 
± 33.83

84 95.29 
± 17.29

30 Lung Cancer P 0.05 ELISA

Note: SD-standard deviation, CI-Con�dence Interval, P-p-value, C3-Complement Component 3, ELISA-Enzyme-linked
immunosorbent assay

aThe concentration of C3 is expressed in mg/dl;

bStatistically, the p-value obtained by the signi�cance test method is generally signi�cant at P < 0.05 in t-test, which means
that the probability of differences between samples due to sampling errors is less than 0.05.

3.2 Quality assessment
Table 2 lists the quality of the articles included. The total score of nine articles was assessed at score ≥ 5 points, and two
articles were assessed at score < 5 points. The average score of the study is higher than 6 points.
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Table 2
Quality assessment of the studies included in our meta-analysis.

No �rst author Quality Indicators from Newcastle–Ottawa scale Total score

1 2 3 4 5A 5B 6 7 8

1 Bozzetti F, 1982 YES NO NO YES YES YES YES YES NO 6

2 Janssen CW, 1983 NO YES YES NO YES NO YES YES NO 5

3 Chang WY, 1988 YES YES YES NO YES NO NO YES YES 5

4 Fust G, 1985 NO YES YES NO YES NO NO YES NO 4

5 Verhaegen H, 1976 NO NO NO YES YES YES YES YES YES 6

6 Minh D Q, 1983 NO YES NO YES YES NO NO NO YES 4

7 Oner F, 2004 YES YES NO YES YES NO YES NO YES 6

8 Varga L, 1995 YES YES NO NO YES YES NO YES NO 5

9 HUMLOVÁ Z, 2006 YES NO YES NO YES NO NO YES NO 5

10 Heier HE, 1978 YES YES NO NO YES YES YES YES YES 7

11 Yang ZP, 2020 YES YES YES YES YES NO YES NO NO 6

Note: No-number, C3-Complement component 3

aThis work was done independently by two authors and the controversial results were discussed and �nalized.

3.3 Association between cancer patients and C3 concentration
The results of our clinical data show that the C3 levels of lung cancer patients were signi�cantly higher than healthy control
(1.07 ± 0.34 g/l, 0.95 ± 0.17 g/l respectively, which keep two decimal places after the decimal point); The p-value for t-test was
0.014), Table 3.

Table 3
Results of C3 concentrations determination and comparison between

lung cancer patients and healthy.

Group N C3(mean ± SD);g/l t P

Lung cancer 84 1.075 ± 0.338 2.510 0.014

Healthy control 30 0.953 ± 0.173

Note: P-p-value, N-Number, SD- Standard Deviation, t-value of t in t-test

For meta-analysis, nineteen studies were incorporated into the analysis of the correlation between serum C3 levels in the
cancer patients with healthy controls. As shown in Fig. 2, the results were expressed in terms of standardized mean difference
(SMD) and the corresponding 95% con�dence interval. Heterogeneity exists in our results, but it is relatively acceptable
(χ²=31.84, p-value = 0.02, I²=43%), so that, the �xed effect model was used. In regard to the association between the cancer
patients and serum C3 concentration, the results suggested that the SMD was 0.30 (95%CI = 0.20 to 0.40, Z = 5.95, p-value < 
0.00001), which is statistically signi�cant and shows that the serum concentration of cancer patients is higher than the
healthy control.

3.4 The subgroup analysis
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All forest plots for all subgroup analyses were provided in supplementary materials.

We did subgroup analysis based on different types of cancer to evaluate whether the variation would affect the results. Except
for the breast cancer subgroup (SMD: -0.07, 95% CI = -0.47 to 0.33, Z = 0.33, p-value = 0.74), the data showed that the C3 level
of different types of patients is higher than that of the healthy population. The �uctuation range of I² values is not large, so the
consequence of our results is relatively stable.

We conducted subgroup analysis based on different diagnostic methods. The heterogeneity detected by nephelometry
(χ²=2.83, I²=65%, SMD: 0.65, 95%CI = 0.22 to 1.09) and single radial immuno-diffusion method (χ²=26.01, I²=42 , SMD: 0.27,
95%CI = 0.17 to 0.38) are both relatively high and the difference between them is large. So different diagnostic method is an
important factor for heterogeneity.

In subgroup analysis based on different publication year, the difference of C3 concentration between the cancer group and
healthy controls is signi�cant in the studies published before 2000 and the heterogeneity is relatively high (χ²=30.72, I²=54%,
SMD: 0.30, 95%CI = 0.20 to 0.41, Z = 5.63, p-value < 0.00001), while such trend not such obviously found in the studies
published after 2000 (χ²=1.07, I²=0 , SMD: 0.27, 95%CI = 0.00 to 0.54, Z = 1.96, p-value = 0.05). Analysis proved that publication
year may affect the heterogeneity as well as the results of our analysis.

We conducted subgroup analysis depending on different geographic location. In the Asia group, concentrations of C3 in cancer
patients were higher than healthy control (χ²=5.97, I²=50%, SMD: 0.40, 95%CI: 0.12 to 0.68, Z = 2.80, p-value = 0.005. In the
Europe group, the increasing trend was more signi�cant (χ²=25.31, I²=45 , SMD: 0.29, 95%CI: 0.18 to 0.39, Z = 5.31, p-value < 
0.00001). However, there was no signi�cant difference in heterogeneity between the two subgroups. So, it proved that the
impact of geographic location on the results is not critical.

We also conducted subgroup analysis depending on different score of quality evaluation. In the “≥5” score group, the
heterogeneity was signi�cant (χ²=19.82, I²=55%, SMD: 0.42, 95%CI = 0.27 to 0.56, Z = 5.78, p-value < 0.00001), while
heterogeneity was not found in the group “>5” (χ²=6.97, I²=0 , SMD: 0.19, 95%CI = 0.05 to 0.33, Z = 2.67, p-value = 0.008), which
demonstrated that the score of quality evaluation of studies was one of the sources of heterogeneity.

Furthermore, we carried out subgroup analysis based on different p-value for the difference of C3 concentrations between the
cancer patients and healthy control. The heterogeneity was not particularly high in group “p-value < 0.05” (χ²=9.63, I²=38%,
SMD: 0.52, 95%CI = 0.36 to 0.68, Z = 6.29, p-value < 0.00001), while heterogeneity was not found in group “>0.05” (χ²=11.00,
I²=0 , SMD: 0.17, 95%CI = 0.05 to 0.29, Z = 2.67, p-value = 0.008). Interestingly, although the size of p-value in the original data
was in contradiction, the results showed that the serum C3 concentrations of cancer patients were signi�cantly higher than
that of healthy people. The “p-value” had little effect on heterogeneity because their heterogeneity was within the acceptable
range.

3.5 The Publication bias assessment
Our �nding shows no signi�cant publication bias was existed (Fig. 3). Furthermore, both Begg and Egger tests show that no
publication bias exists in this study (P = 0.529 and 0.551, respectively). Sensitivity analysis of serum C3 concentration showed
that the combined results did not change after repeating our model with excluding one study each time, Fig. 4.

4. Discussion
To our best knowledge, this is the �rst meta-analysis study assessing the concentrations of serum C3 levels in cancer patients
with the objective of assessment of the role of C3 in the development and progression of cancer. Our results showed that the
serum C3 concentrations in cancer patients were signi�cantly higher than that of healthy people in the control group.
Additionally, we made an analysis of the serum C3 concentrations in 84 lung cancer patients and 30 healthy people, which
could be merged into our meta-analysis and support the conclusions.
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The function of complement is to detect, mark and eliminate the invasion of microorganism with almost immediate reaction
but with enough speci�city, so as to prevent damage to the host cell [30, 31]. Complement is generally thought to prevent tumor
formation, but it is often affected by certain conditions and is currently considered to be a major obstacle to the success of
antibody immunotherapy [16]. The complement system suppresses tumorigenesis by promoting the acute in�ammation and
tumor cell lysis; Instead, it promotes tumor growth by stimulating chronic in�ammation, immuno-suppression, and
angiogenesis [32].

Day after another, more research is providing a strong evidence that C3 can affect the occurrence and development of cancer.
For instance, it is reported that the increase of plasma C3 level in patients with lung cancer is a function of the shortening of
the survival period of patients with cancer [33, 34]. Interestingly, studies have found that the growth and metastasis of primary
tumors in mice lacking C3 are strongly inhibited. This is evident by increasing the number of IFN-γ+/TNF-α+/IL-10 + CD4 + and
CD8 + T cells and that C3-de�cient mice have a T cell and IL-10 dependence on tumor development [35, 36]. In a mouse model
of epithelial ovarian cancer, a genetic C3 de�ciency can also impair tumor vascularization by altering the function of
endothelial cells [37]. It is hypothesized that cancer metastasis is the cause of death in approximately 90% of cancer patients
[38]. Moreover, the neoplastic transformation is enhanced by the ability of malignant cells to activate the complement C3,
which may be involved in the process of cancer metastasis [38]. What’s more, study showed that C3 plays an important role in
the immunosurveillance and earlier cancer metastasis [39].

Some attempts have been made to determine whether serum C3 levels are closely related to the rapeutic effect and prognosis
of cancer. A number of researchers have reported that multiple tumors can signi�cantly improve C3/C3a levels in the cell
experiments or animal models, including cases with breast cancer, lung cancer, ovarian cancer, rectal cancer and liver cancer
[40];[41]; [36, 42, 43]. Experimentally, it was reported that complement C3 can be considered as an early diagnostic marker for
some type of cancers [40, 44, 45]. The above described research supports the results of our meta-analysis from different
angles, indicating that our analytical results are reliable.

We made an analysis of the serum C3 concentrations in 84 lung cancer patients and 30 healthy people, which not only could
be merged into our meta-analysis as an advanced research but also support the conclusions of our meta-analysis. Then, we
carried out a meta-analysis of 19 studies regarding the serum C3 concentrations of cancer patients. Our analysis suggested
that there is a signi�cantly increased concentration of C3 in the cancer patient’s serum or plasma compared to healthy
controls. This phenomenon may suggest that C3 concentration of complement may be a marker of cancer patients at a certain
period, or C3 may be considered as a new guideline for cancer prevention and treatment. Therefore, it is necessary for
researchers to carry out experiments, further exploration and discovery.

As mentioned earlier, numerous studies support the results of our meta-analysis revealing that our research is well founded. We
had to admit that our research is heterogeneous. Hence, we performed subgroup analysis and sensitivity analysis in details to
explore and discuss the potential sources of heterogeneity as far as possible. Fortunately, the results showed that our research
results are relatively stable.

The presented data of meta-analysis are originating from previous studies, which measured the C3 concentrations clinically
starting with the original assay and raw data in order to provide support, reference and comparison for C3 concentration data
from various bodies of scienti�c research. Since the systematic clinical study of serum C3 in cancer patients is more inclined
to mass spectrometry and proteomics, or to animal experiments and cell models, the data are relatively di�cult to collect, and
relatively old.

The reported meta-analysis in our study has several advantages. Firstly, to our best knowledge, this is the �rst meta-analysis
study assessing the concentrations of serum C3 levels in cancer patients with the objective of assessment of the role of C3 in
the development and progression of cancer, which can provide more data for the clinic. More importantly, it can provide a
comparison and reference for data analysis and experimental conclusions about cancer patients C3. Secondly, we measured
and compared the serum C3 concentrations of lung cancer patients and healthy people in clinical and also included its serum
data into meta-analysis. Fortunately, our clinical data analysis results and our meta-analysis results support and con�rm each
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other. What’s more, among the data collected by the meta-analysis, there is not any study on the determination of C3 by ELISA
so our clinical study increased the stability of the conclusion. Next, in our meta-analysis, we conducted a detailed subgroup
analysis to explain the source of heterogeneity and its possible impact on the results. Finally, in our meta-analysis, there is no
positive evidence of publication bias and the sensitivity analyses were performed which results did not achieve statistical
signi�cance.

On the other side, our study has inherent limitations. First, the number of articles and studies involved in our meta-analysis is
insu�cient, and the publication year is old. The reason for this limit is related to the human method of studying the serum C3
level of cancer patients and the individual method of searching for literature, which may lead to an insu�cient sample size and
amount of data (the type of cancer is not comprehensive enough; the numbers in the control and experimental groups is not
large enough). Therefore, if we want to obtain more accurate and reliable conclusions, it is necessary to analyze the data of
others and undertake large-scale retrospective research. Secondly, in addition to the concentrations of serum C3 in cancer
patients, there are indicators (such as CH50) cannot be included in our meta-analysis due to the different units of
concentration. Finally, the quality evaluation is not particularly satisfactory, which should be improved in future studies.

5. Conclusions
The current research shows that the serum C3 concentrations of cancer patients is signi�cantly higher than that of healthy
people suggesting that C3 may be an effective biomarker for cancer diagnosis. According to the different measurement
methods, cancer types and diagnostic performance are also different. However, further well-designed, large-scale, randomized
controlled trials are needed to con�rm this conclusion.
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Figure 1

Flow-process diagram of systematic review and meta-analysis

Figure 2
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Forest plot for the meta-analysis of comparing serum C3 levels in cancer patients and healthy controls. The length of the
horizontal line represents the standardized mean difference and 95% con�dence interval and the diamond represents the
summarized effect.

Figure 3

Funnel plot with pseudo 95% con�dence limits intervals for the examination of publication bias. SMD: standardized mean
difference, SE: standard error
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Figure 4

Sensitivity analysis of the included studies. CI: con�dence interval
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