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A novel nomogram based on
complement C3 to predict the
overall survival of early-stage
hepatocellular carcinoma
patients with microvascular
invasion-positive undergoing
curative resection
Guoyi Xia1,2†, Zeyan Yu1†, Shaolong Lu1, Xiaobo Wang1,
Yuanquan Zhao3 and Jie Chen1*

1Department of Hepatobiliary Surgery, Guangxi Medical University Cancer Hospital, Nanning,
Guangxi, China, 2Department of Hepatobiliary Surgery, The Central Hospital of Shaoyang, Shaoyang,
Hunan, China, 3Department of Hepatobiliary Surgery, Guangxi Zhuang Autonomous Region People’s
Hospital, Nanning, Guangxi, China
Purpose: This investigation aimed to create a new nomogram based on

complement C3 to forecast 1-, 3-, and 5-year overall survival (OS) rates in

patients with early-stage hepatocellular carcinoma (HCC) exhibiting

microvascular invasion (MVI) post-curative surgery.

Methods: This study encompassed 1234 patients treated with resection at the

Affiliated Cancer Hospital of Guangxi Medical University. The cohort for primary

included 865 patients from December 2015 to December 2019, while the

validation cohort comprised 369 patients. Follow-ups were conducted

regularly until December 2024. Variables predicting survival were identified

using Cox regression analyses, and based on these, a nomogram was

constructed. This nomogram’s accuracy was assessed via time-dependent

ROC curves, calibration curves and KM curve analyses.

Results: Investigations identified complement C3, PT, the presence of cirrhosis,

tumor capsule, and MVI-M2 as distinct predictors of survival in HCC patients.

Based on these findings, a predictive nomogram was constructed and validated,

aimed at estimating the 1-, 3-, and 5-year OS. The efficacy of the nomogram was

validated through analyses with ROC curves, calibration curves, each

demonstrating positive outcomes. Additionally, KM curve analysis effectively

separated the patient populations into two prognostic risk categories within

both the primary and validation cohorts.

Conclusion: In conclusion, a new nomogram has been developed and

corroborated through multivariate Cox regression analysis, aimed at estimating
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Abbreviations: BCLC, Barcelona Clinic Liver Cancer; C

CT, Computed tomography; HAIC, Hepatic Artery In

HCC, Hepetacullar carcinoma; HR, Hazard Ratio; KM

MRI, Magnetic resonance imaging; MVI, Microvascul

ratio; ROC, Receiver Operating Characteristic Curve.
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overall survival for patients in early stages of microvascular invasion following

surgical resection. This tool has proven to be more effective in forecasting

survival outcomes for such patients post-curative surgery.
KEYWORDS

hepatocellular carcinoma, early-stage, microvascular invasion, curative resection,
overall survival
Introduction

Hepatocellular carcinoma (HCC), recognized as the most

prevalent type of primary liver malignancy, has been observing a

global increase in incidence (1). Data from 2022 report

approximately 865,269 new instances and 757,948 fatalities due to

HCC, underscoring the severe impact of this disease. The major risk

factors contributing to the disease include infection by hepatitis B

and C viruses, chronic alcohol abuse, the development of

nonalcoholic fatty liver disease (NAFLD), and the carcinogenic

effects of aflatoxins (2). Notably, China is responsible for nearly half

of the reported cases and deaths, reflecting a generally grave

prognosis for the disease across various populations (3). For

patients diagnosed in the early stages, the curative interventions

primarily include surgical resection, complemented by options like

local ablative therapies and liver transplantation, with resection

being the cornerstone of treatment (4, 5). Despite these available

treatments, the heterogeneity among HCC tumors presents

significant challenges, resulting in considerable variability in

overall survival rates among patients who undergo surgery. In

practice, these treatments prove effective in only 15%-30% of

cases, and the five-year survival rate after diagnosis remains

alarmingly low at just 18% (6, 7).

Microvascular invasion (MVI), identified as the presence of tumor

cells within the tiny blood vessels of the liver tissue surrounding a

tumor, is an influential prognostic factor in HCC. This condition is

subdivided into two classifications: M1, where up to five microvascular

invasions are found within 1cm of the tumor margin; and M2,

characterized by more than five microvascular invasions or

invasions beyond 1cm of the tumor edge (8). MVI is widely

recognized as a critical indicator of increased risk for tumor

recurrence and a poor prognosis in HCC patients (9, 10). Notably,

about 30% of patients diagnosed with early-stage HCC are identified as

MVI-positive, which is strongly linked to the early recurrence of the

disease (11). However, the current research on prognostic models for

early-stage HCC that consider MVI is insufficient, limiting a

comprehensive understanding of the long-term survival and
I, Confidence interval;

fusion Chemotherapy;

, Kaplan-Meier curve;

ar invasion; OR, Odds
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recurrence risks associated with these patients (12, 13).

Consequently, there is an urgent need for extensive, long-term

studies that involve larger patient cohorts and gather more

expansive data to deepen our comprehension of long-term outcomes

for HCC patients affected by MVI. Such research will enhance the

decision-making tools available to healthcare professionals.

Recent serological assessments have identified complement C3 as

a significant independent factor in forecasting the outcomes of radical

surgeries in various cancers, including esophageal, gastric, and breast

cancers (14, 15). Furthermore, nomograms incorporating

complement-related genetic markers have demonstrated some

capacity to predict outcomes effectively (16). However, research

into the effectiveness of complement C3 as a serological marker for

forecasting the prognosis of hepatocellular carcinoma remains

notably scarce.

Presently, numerous investigations have leveraged nomograms

to forecast overall survival (OS) in HCC patients following surgical

interventions (17–19). Despite these advancements, research

specifically targeting early-stage HCC patients who test positive

for MVI remains sparse. It is therefore imperative to swiftly

pinpoint critical risk factors and establish an all-encompassing

predictive model for OS within this distinct subgroup. Such a

model would facilitate the timely provision of suitable treatment

strategies, significantly enhancing patient outcomes.
Patients and methods

Patients

From December 2015 to December 2019, a comprehensive

dataset was compiled from 1,234 patients who underwent curative

resections for early-stage HCC at the Affiliated Cancer Hospital of

Guangxi Medical University. Inclusion criteria required individuals

to have a confirmed diagnosis of primary HCC via pathological

examination, classified at the BCLC stage 0/A, and treated initially

with surgical resection. Additionally, pathology reports must indicate

an MVI classification of M1 or M2, and there should be extensive

clinical and follow-up data available for each case. The study excluded

patients with secondary tumors, those who had previously undergone

radiotherapy, chemotherapy, or ablation treatments, those lacking

adequate clinical or follow-up documentation, those diagnosed with

distantmetastasis indicating a progression beyond early-stage disease,
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and those suffering from concurrent infectious or hematological

conditions. After meeting the specific and strict inclusion criteria,

the patients were randomly assigned to one of two groups: the

primary cohort or the validation cohort. A computerized

randomization system was used to randomly allocate participants

in an appropriate distribution. The primary cohort was allocated at

70% and 30% for the validation cohort. In total, this provided 865

patients in the primary cohort and 369 in the validation cohort.

Figure 1, a flowchart of the entire process of patient recruitment and

the organizational structure of the study, illustrates such

organizational intricacies. Due to the retrospective study nature, the

study was approved by the Ethics Committee of the Affiliated Cancer

Hospital of Guangxi Medical University. The Declaration of Helsinki

ethical standards and guidelines were followed. With regard to the

design of such retrospective studies, and against the background of

the Helsinki Declaration, the local ethics committee declared the

requirement of written informed consent by the patients unnecessary.

Retrospective research protocols hold the established exemption of

the requirement of direct patient consent, and this exemption fits

within this framework.
Data collection

For the purposes of this research, a comprehensive baseline

characteristics compilation for patients ready to undergo curative

surgical resections for early stage hepatocellular carcinoma was

undertaken. This preparatory phase included the acquisition of key

personal and medical data grouped into several distinct categories: (1)

Personal demographics included each patient’s age and gender; (2)

Diagnostic imaging and pathological evaluations informed each case,

including findings which showed cirrhosis, ascites, and portal
Frontiers in Oncology 03
hypertension. Additionally, tumor characteristics were assessed

including size and number of tumors; and (3) a variety of blood tests

were accomplished to measure a comprehensive biochemical and

immunological profile of each patient. These included measurements

of D-dimer, complement C3 and measures of hepatitis. In immune cell

analysis, helper T cells (Th), suppressor T cells (Ts), natural killercells

(NK), B-lymphocytes (B-Lym), general lymphocytes (Lym),

neutrophils (Neu), monocytes (Mon), and platelets (PLT), were all

covered. Moreover, alanine aminotransferase (ALT), aspartate

aminotransferase (AST), total bilirubin (TBIL), total cholesterol (TC),

prothrombin time (PT), carcinoembryonic antigen (CEA), and alpha

fetoprotein (AFP) were analyzed as key liver function tests; (4)

Pathological examinations was also done to observe the tumor

capsule, the Edmondson stage of the tumor, as well as to assess the

grade of microvascular invasion.
Follow-up

OS is an important clinical endpoint metric which measures the

time to an event after a specific starting point, namely date of curative

surgery for hepatocellular carcinoma in this instance, to death of

either the patient or date of the most recent follow up contact.

Patients in this study were monitored for HCC post surgically,

commencing one month after treatment, followed by quarterly

monitoring for one year. Evaluations were next scheduled every six

months until death or final follow up. These assessments, routinely

performed using radiological imaging techniques, such as CT and

MRI, provide regular monitoring of tumor size and detection of any

arising irregularity. Furthermore, recurring blood tests are done to

test the liver functionality as well as tumor marker, to identify

abnormalities in the biochemical markers. Follow up of the study
FIGURE 1

Flow chart of patients screening and grouping.
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ended on December 30, 2024 (with a median of 36.0 months of follow

up, calculated by the reverse Kaplan Meier method).
Statistical analysis

All statistical analyses in this research were performed using R

software version 4.3.1, incorporating various essential packages

such as “rms”, “glamet”,”rmda”, “survival”, “survminer”, and

“ggplot2”. To validate the model comprehensively, subjects were

allocated randomly into a primary cohort and a validation cohort,

with a proportion of 70% to 30%, respectively. The primary cohort

was used for model development, and the validation cohort tested

its efficacy. Categorical variables were analyzed with the Chi-Square

or Fisher’s exact test, and continuous variables with the t-test or

Mann-Whitney U test. The Lasso and multivariate Cox regression

identified key prognostic indicators. Significant factors were used to

construct nomograms for predicting 1-year, 3-year, and 5-year OS,

evaluated by C-index, ROC curves, calibration plots. Survival

outcomes were compared using Kaplan-Meier curves and log-

rank tests, stratifying patients into risk categories.
Results

Baseline characteristics

In this investigation, a comprehensive enrollment of 1234 early-

stage HCC patients who underwent curative resection was achieved.

These participants were systematically segregated into two distinct

groups: the primary cohort comprised of 865 patients, and the

validation cohort, which included 369 patients. The baseline

characteristics of patients across both groups are detailed in

(Table 1), which indicates uniformity across the cohorts as

evidenced by the lack of statistically significant disparities in

baseline variables (p > 0.05).
Screened risk factors for overall survival

The LASSO coefficient profiles of the features were plotted. The

optimum parameter (lambda) selection in the LASSO model

performed tenfold cross-validation through minimum criteria.

The partial likelihood deviance (binomial deviance) curve is

presented versus log (lambda) (Figure 2A). Dotted vertical lines

are shown at the optimum values by performing lambda.min and

lambda.1se (Figure 2B). Finally, gender,ascites.portal hypertension,

tumor-number, cirrhosis, C3,CEA,AST,PT,Th,B.Lym, monocyte,

neutrophil, tumor-capsule and MVI were selected according to

the optimum value corresponding to the minimum value of lambda

(Figure 2). Then, we used the multivariate Cox regression to further

identify the most crucial variables essential for OS prediction, and

the results were displayed (Table 2). Cox regression is based on a

semiparametric model, which assumes that the effect of predictor

variables on time of event (death) is described by a hazard
Frontiers in Oncology
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TABLE 1 Patient clinical characteristics in the primary cohort and
validation cohort.

Characteristics
Primary
cohort
N=865

Validation
cohort
N=369

p.overall

Age(mean±SD),year 51.7 (11.1) 52.8 (11.6) 0.109

D.dimer(mean±SD),
µmol/L

0.86 (1.53) 0.88 (1.35) 0.838

C3(mean±SD),g/L 0.92 (0.24) 0.94 (0.26) 0.128

Th(mean±SD),% 39.5 (7.71) 39.4 (7.83) 0.878

Ts(mean±SD),% 21.1 (6.44) 21.0 (6.96) 0.887

NK(mean±SD),% 14.2 (22.3) 13.8 (7.64) 0.606

B.Lym(mean±SD),% 13.6 (5.72) 13.5 (5.71) 0.929

TBIL(mean±SD),
µmol/L

15.5 (13.1) 16.6 (24.3) 0.414

ALB(mean±SD),g/L 38.7 (4.31) 38.4 (4.25) 0.141

ALT(mean±SD),u/L 42.4 (41.1) 39.0 (33.0) 0.132

AST(mean±SD),u/L 45.8 (29.5) 46.2 (31.9) 0.867

TC(mean±SD),
mmol/L

4.85 (1.17) 4.88 (1.19) 0.661

Platelet(mean
±SD),109/L

198 (74.7) 198 (80.5) 0.922

Neutrophil(mean
±SD),109/L

3.66 (1.50) 3.71 (1.59) 0.647

Monocyte(mean
±SD),109/L

0.48 (0.32) 0.52 (0.50) 0.221

Lym(mean±SD),109/L 1.83 (1.26) 1.95 (2.14) 0.320

CEA(mean±SD),
ng/mL

2.89 (5.18) 5.08 (37.5) 0.265

PT(mean±SD),S 12.6 (1.27) 12.5 (1.35) 0.341

AFP(%) 0.562

>400 ng/mL 293 (33.9%) 118 (32.0%)

≤400 ng/mL 572 (66.1%) 251 (68.0%)

Hepatisis(%) 0.037

HBV-negtive 397 (45.9%) 194 (52.6%)

HBV-positive 468 (54.1%) 175 (47.4%)

Gender(%) 0.920

Female 130 (15.0%) 57 (15.4%)

Male 735 (85.0%) 312 (84.6%)

Portal.H(%) 0.260

No 756 (87.4%) 313 (84.8%)

Yes 109 (12.6%) 56 (15.2%)

Ascites(%) 0.626

>20ml 64 (7.40%) 31 (8.40%)

≤20ml 801 (92.6%) 338 (91.6%)

(Continued)
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proportional function. Therefore, the results of Cox regression are

usually presented in the form of hazard ratio (HR). In our analysis,

it was revealed that cirrhosis (HR: 1.26; 95% CI: 1.05 - 1.5; P=0.011),

C3 (HR: 0.49; 95% CI: 0.34 - 0.71; P<0.001),PT(HR: 0.86; 95% CI:

0.81-0.92; P<0.001), tumor-capsule(HR: 1.39; 95% CI: 1.16 - 1.66;

P<0.001), MVI-M2(HR: 1.9; 95% CI: 1.56-2.32; P<0.001) were the

most significant variables for OS prediction. Of the variables,

cirrhosis, tumor-capsule, and MVI -M2 were identified as having

a hazardous effect, whereas C3 and PT were considered to have a

protective effect.
Development of the nomogram for
overall survival

Using the five previously identified critical prognostic factors,

a sophisticated nomogram capable of graphically representing 1

year, 3 year, and 5 year OS rates of patients with early stage
Frontiers in Oncology 05
hepatocellular carcinoma who undergone curative surgical

intervention is constructed (Figure 3). Each prognostic factor

was scored and then aggregated into a composite score, plotted

on a comprehensive range of a total points scale. This scale has

proved to demonstrate the projected survival probabilities at these

intervals and provides a detailed prognostic for clinical outcomes.
Performance of the established nomogram

In primary cohort, the nomogram achieved a C-index of 0.772

with a 95% confidence interval spanning from 0.652 to 0.833

(Figure 4A). This result demonstrates the model’s proficiency in

distinguishing between individuals with differing survival times.

Subsequently, we developed time-dependent ROC curves for

predicting 1-year, 3-year, and 5-year OS within the primary

cohort (Figure 4C). The analysis revealed that the Area Under the

Curve (AUC) values for the 1-year, 3-year, and 5-year OS

predictions were 0.715, 0.718, and 0.738, respectively. These AUC

values underscore the model’s strong predictive performance. The

calibration curves for 1-year, 3-year, and 5-year OS probabilities

demonstrated a high level of concordance between the observed

clinical outcomes and the survival probabilities estimated by the

nomogram (Figure 5A). This consistent accuracy in survival

predictions at various time points enhances the nomogram’s

utility in personalized patient care.
Validation of the nomogram

The validation cohort achieved a C-index of 0.774 (Figure 4B),

with a 95% confidence interval spanning from 0.662 to 0.868, which

reflects a superior level of discriminative power. Additionally, the

AUC values for OS at 1-year, 3-year, and 5-year intervals were

significantly elevated, recording scores of 0.725, 0.748, and 0.799,

respectively (Figure 4D). These elevated AUC values demonstrate the

nomogram’s exceptional ability to differentiate between patients who

are likely to survive beyond specific time points and those who are

not. Such findings are crucial in establishing the nomogram’s high

predictive accuracy. Furthermore, the calibration curves for 1-year, 3-

year, and 5-year OS indicated that the nomogram’s predicted

probabilities closely matched the actual observed outcomes

(Figure 5B), thereby confirming its strong consistency and reliability.
Prognostic stratification of the patients
based on the nomogram scores

Utilizing the aggregate scores generated by the nomogram, a

detailed risk stratification framework was developed, effectively

dividing patients into two principal categories: low-risk and high-

risk. The implementation of Kaplan-Meier survival analysis

illuminated the significant implications of this stratification
TABLE 1 Continued

Characteristics
Primary
cohort
N=865

Validation
cohort
N=369

p.overall

Tumor.size(%) 0.275

>5cm 460 (53.2%) 183 (49.6%)

≤5cm 405 (46.8%) 186 (50.4%)

Cirrhosis(%) 0.886

No 255 (29.5%) 111 (30.1%)

Yes 610 (70.5%) 258 (69.9%)

Tumor-number(%) 0.902

Multiple 104 (12.0%) 46 (12.5%)

Single 761 (88.0%) 323 (87.5%)

Tumor-capsule(%) 0.517

Complete 636 (73.5%) 264 (71.5%)

Incomplete 229 (26.5%) 105 (28.5%)

Edmondson-stage(%) 0.290

I-II 512 (59.2%) 231 (62.6%)

III-IV 353 (40.8%) 138 (37.4%)

MVI(%) 0.810

M1 545 (63.0%) 244 (66.1%)

M2 320 (37.0%) 125 (33.9%)
AFP,alphafetoprotein;C3,complement C3;Th,helper T cells;Ts,suppressor T cells;NK, natural
killercells; B-Lym,B-lymphocytes;Lym,general lymphocytes;Neu, neutrophil; Lym,
lymphocytes; Mon, monocyte; PLT, platelet; ALT, alanine aminotransferase;AST,aspartate
aminotransferase; TBIL: total bilirubin;TC,total cholesterol;PT,prothrombin time;CEA,
carcinoembryonic antigen;MVI,microvascular invasion.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1559083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xia et al. 10.3389/fonc.2025.1559083
approach. The analysis outcomes demonstrated a marked

separation in survival probabilities between the two identified risk

groups. Specifically, within the primary cohort, individuals

categorized under the low-risk group exhibited substantially

higher survival rates over the study period, whereas those

assigned to the high-risk category faced considerably poorer

prognoses (Figure 6A). Furthermore, the analysis conducted on

the validation cohort replicated and reinforced the findings
Frontiers in Oncology 06
observed in the primary cohort (Figure 6B). All results showing

statistical significance (P < 0.001) (Figure 6).
Discussion

This work investigates an integrated Lasso regression with

multivariate Cox proportional hazards modelling for a thorough

assessment of the initial demographic and clinical profiles of the

patient cohort. After a thorough evaluation, a prognostic

nomogram was meticulously created and proven to reliably

predict OS rates out to one, three, and five years following a

surgical cure for early stage HCC patients with MVI who

undergo surgical curative resection. Accurate prognostic

assessment and the precision of survival prediction and

appointment of effective post-treatment patient management

strategies was improved using the developed nomogram.

Several distinct advantages of this investigation over previous

studies examining prognostic outcome of early stage HCC patients

after curative surgical resection are then identified. Secondarily, the

study narrowed its patient population to MVI positive patients. HCC

patients with MVI are recognized as an important prognostic factor

with significant effects on early recurrence rates and longterm

survival outcomes (20). Since MVI are present in about 30% to

50% of persons diagnosed with early stage HCC, these patients

represent an important subgroup that should be examined in order

to identify the prognostic determinants for their survival.

Furthermore this research has an extended sample cohort as a

second strength. To that end, we obtained comprehensive data for

a large group of early-stage HCC patients who underwent curative

resection, composed of clinical information, pathological

characteristics, and survival metrics. Due to the large size of this

cohort, this cohort allows for more reliable comparison (with greater

degrees of freedom) between patient groups and therefore increases

reliability and validity of predictive model (laboratory changes

importance). Furthermore, the relatively large sample size reduces
FIGURE 2

Lasso regression analysis in the primary cohort. (A) Variation features of the coefficient of variables; (B) Determination of the optimal value of l
through cross-validation method.
TABLE 2 Univariate and multivariate Cox analysis of the primary cohort.

Variables
Univariate analysis Multivariate analysis

HR 95%CI P.value HR 95%CI P.value

Gender 0.91 0.74-1.14 0.417

Ascites 0.81 0.59-1.13 0.217

Portal.H 0.78 0.61-1.01 0.055

Tumor-
number

0.8 0.64-1.01 0.063

Cirrhosis 1.35 1.14-1.6 0.001 1.26 1.05-1.5 0.011

C3 0.46 0.32-0.67 <0.001 0.49 0.34-0.71 <0.001

CEA 1 0.99-1.01 0.907

AST 1 1-1 0.081

PT 0.9 0.84-0.96 0.001 0.86 0.81-0.92 <0.001

Th 1.01 1-1.02 0.103

B.Lym 0.99 0.98-1.01 0.403

Monocyte 1.09 0.91-1.3 0.374

Neutrophil 1.05 1-1.11 0.074

Tumor-
capsule

1.51 1.27-1.81 <0.001 1.39 1.16-1.66 <0.001

MVI 1.84 1.51-2.24 <0.001 1.9 1.56-2.32 <0.001
Bold represents statistical significance, with univariate Cox <0.1 and multivariate Cox <0.05.
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the possibility of model overfitting, guaranteeing higher

generalizability of our predictive results. Rigorous protocols for

maintaining the quality and accuracy of the data were realized

through the data collection phase. A standardized data collection

framework was developed in terms of timing of data collection, data

sources, and manner of data presentation in order to achieve

consistency and precision. Data verification for subsequent data
Frontiers in Oncology 07
included data consistency cheque, outlier identification and missing

data management. Data cleaning procedures were performed when

necessary to remove abnormal or unreasonable entries and/or to

correct or complete incomplete data points when needed. In addition,

data sampling and random audits were performed for quality

assessments to notice potential problems so corrective actions

could be done in a timely manner. Third, the study has long term
FIGURE 3

Nomogram for predicting the 1-, 3-, and 5-year overall survival (OS). C3, complement C3; PT, prothrombin time; MVI, microvascular invasion.
FIGURE 4

The C-index and time-point roc curves of the nomogram in the primary and validation cohort. (A) The C-index in the primary cohort. (B) The C-
index in the validation cohort. (C) The AUCs for OS at 1, 3and 5 years in the primary cohort. (D) The AUCs for OS at 1, 3and 5 years in the
validation cohort.
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follow up data that is essential in explaining the prolonged survival of

patients after treatment. To capture accurately the long term

effectiveness of curative resection on patient outcomes, our research

team undertook years of follow up after resection. Lastly, this study

provides an important advantage of use of machine learning

techniques in conjunction with traditional statistical methods.

What machine learning algorithms can do is they can handle a lot

of data, and they can find complex relationships between one thing

and another in that data. In particular, we conducted Lasso regression

to discover prognostic factors and integrated these with multivariate

Cox regression analyses to build a better survival prediction model.

The hybrid approach promotes a more nuanced understanding of the

complex associations between patient survival and numerous

potential factors, and supports a strong basis for customized

treatment strategies.

Researchers have introduced numerous staging frameworks to

improve evaluation of survival outcomes for patients with HCC

(21, 22). Despite this, the majority of these existing frameworks lack
Frontiers in Oncology 08
the ability to capture the nuances that go along with certain HCC

treatment modalities, requiring more of a complex assessment

system. As far as we are aware, the nomogram developed in this

study is the first to concurrently incorporate five unique factors: We

developed a predictive model (C3, PT, cirrhosis, tumor capsule, and

MVI-M2) to predict OS in patients with early stage HCC after

curative resection. Because these parameters are readily obtainable

from standard clinical evaluations, there is no additional expense

and little burden on the patient. Unlike previous nomograms,

besides conventional imaging and pathological variables (i.e.,

cirrhosis and tumor size, number, resectability and location) our

nomogram incorporates serological biomarkers including C3 and

PT. As a result, this nomogram is an innovative approach in

overcoming the shortcomings of current staging systems, to

predict more whole and individualized prognosis to individuals

with hepatocellular carcinoma.

For this investigation, we incorporated major nodal points from

both the complement and coagulation pathways, complement
FIGURE 6

Risk stratification for overall survival (OS) based on the nomogram risk scores (A) primary cohort. (B) validation cohort.
FIGURE 5

Calibration curves of the nomogram for predicting the 1-, 3-, and 5-year overall survival (OS) in the cohorts. (A) Calibration curves in the primary
cohort. (B) Calibration curves in the validation cohort.
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C3and PT, into the nomogram model. The complement C3, a

plasma protein, produced by the liver and macrophages is an

important part of the complement cascade (23). The complement

system is an important component of the immune system and can

be activated through multiple pathways and plays a vital role in

response to cellular damage independent of pathogens, but

functions in a dual manner in liver injury exacerbating and

mitigating it (24, 25).Activation of the complement cascade is

implicated in many hepatic conditions such as alcohol related

liver disease, metabolic steatosis, fibrosis, autoimmune liver

disorders, and hepatocellular carcinoma, and uncontrolled

activation of complement cascade play a role as pathogenic

mediator in progression of liver diseases (26).Diverse antigen

antibody complexes bring about complement system activation

and excessive depletion of complement components, C3 for

example, in HBV infection related hepatocellular carcinoma

(27).Furthermore, the results show that PIWIL1 induces HCC

cells to secrete complement C3, which promotes HCC

development by interacting with myeloid derived suppressor cells

(MDSCs), and promotes the production of the immunosuppressive

cytokine interleukin 10 (IL-10). The immunosuppressive activity of

PIWIL1 influenced MDSCs in the HCC tumor microenvironment

is diminished by an inhibition of IL-10 secretion which leads to a

promotion of hepatocellular carcinoma (HCC) initiation,

development and progression (28).The imbalance of the

complement system, with excessive activation and consumption,

can change the microenvironment of the tumor of hepatocellular

carcinoma cells causing development and progression of the tumor

(29).The present study determined that the hazard ratio (HR) for

complement C3 with values below one indicates a protective factor.

One reason for this observation is the fact that the majority of the

recruited population are infected with HBV leading to excessive

consumption of complement components.

Cirrhotic patients often have an extended PT, due to decreased

liver production of coagulation factors. On the other hand, we

found that the HR for our PT is less than one, indicating it acts as a

protective element. Yugawa K (30) also showed that decreased PT is

correlated with a low ratio of lymphocytes to C reactive protein

(CRP), which had been associated with poorer outcomes in HCC

patients. An increased PT has been widely accepted as an indicator

of advanced stage of cirrhosis, but the association between PT and

HCC remains unrevealed and needs further study.

Cirrhosis and incomplete tumor capsule are reported as

significant risk factors for the presence of MVI, and are

associated with worse prognostic outcomes in HCC patients (31–

33). Our results confirm these findings, and we find that patients

with these features are more likely to develop more aggressive

tumor forms and have a tumor microenvironment that is bad for

patient prognosis.

M2 states that if there are more than five MVIs, or the MVIs are

more than one centimeter from the primary tumor, the tumor is

more adhesive, infiltrative and also able to breach tissues

surrounding it (34).Previous studies have identified vascular
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endothelial growth factor A (VEGF-A) and stathmin 1 (STMN1)

as biomarkers associated with different grades of MVI. Wang (35)

discovered that patients classified as M2 exhibited the highest

average serum concentrations of VEGF-A. Cai (36) demonstrated

that STMN1 levels in HCC tissues rise progressively with higher

MVI grades (M1, M2), and these findings reached statistical

significance. Both VEGF-A and STMN1 are recognized as crucial

biological markers that contribute to the advancement and poor

prognosis of liver cancer. Additional research has established that

the severity of MVI grading is independently correlated with OS

following radical resection in early-stage HCC, particularly in

patients classified as M2 (37).In our study, the HR for MVI-M2

was determined to be 1.9, with a 95% CI ranging from 1.56 to 2.32,

and a P-value of less than 0.001. This indicates that MVI-M2 serves

as an independent risk factor influencing overall survival, aligning

with previous research findings. Furthermore, a propensity score

analysis revealed that the combination of lenvatinib and PD-1

inhibitors administered post-surgery significantly enhanced the

prognosis of HCC patients with early MVI, especially those

categorized as MVI-M2, suggesting potential benefits from

adjuvant therapy (38).

In conclusion, the integration of the five previously identified

risk factors into nomograms significantly enhances the accuracy of

predicting overall survival in early-stage HCC patients with positive

MVI. The performance of the nomograms in evaluating and

modelling therapeutic efficacy and treatment adverse effects in

individual patients is shown, in addition to classifying patients

into distinct risk categories, allowing high risk patients for whom

such a classification is established to choose between equally

efficacious treatment modalities to favor those with low adverse

effects and the other group to prefer treatment modalities that offer

low efficacy with low treatment adverse effects. This custom

approach to treatment selection improves survival outcomes and

also results in more effective interventions and fewer instances of

unnecessary complications. In addition, this technique optimizes

the usage of medical resources which attenuates the total load of the

healthcare system.

Our study has many limitations. Firstly, the development and

validation of nomogram relied only on data of a single center in

China. And, this limitation might deconstrain the generalizability of

our findings to broader populations. Accordingly, future studies

should include external validation and prospective randomized

controlled trials to confirm and validate our results. Secondly, our

findings can only be applied to early stage HCC patients who

underwent curative surgery. Further research is required to realize

the relevance of nomogram to other patient groups or treatment

modalities. The nomogram outing can be used to help clinical

decision making by identifying those at highest risk and guiding

the selection of appropriate therapeutic strategies. Yet this data must

be explored more thoroughly, since there is not a current wide dataset

of this. Such data could be integrated into future investigations to

yield a more thorough interpretation of the factors that determine

HCC outcomes, which may improve the quality and relevance of our
frontiersin.org

https://doi.org/10.3389/fonc.2025.1559083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xia et al. 10.3389/fonc.2025.1559083
findings in clinical practice. Thirdly, the majority of patients in this

study had HBV infection associated HCC, a trend that is becoming

less common due to the rising incidence of non HBC etiologies. This

shift may change the behavior of tumor markers and thus the

generalizability of our results to other types of HCC patients,

mostly HBV-associated HCC patients. Future studies should focus

on larger patients cohorts with non HBV etiologies, and should

explore the interactions between these different etiologies to validate

and extend our findings in a more general clinical setting. Fourthly,

we limited our study to demographic and clinical variables. Research

into molecular biological factors which influence cancer progression

has begun to emerge. As a result, including these molecular factors in

future studies should offer increased predictive power of our models.

Finally, indicators such as C3 and PT are undergoing dynamic

change, and this study only considered the patients’ baseline

characteristics. Future research should include collection of

dynamic data for these indicators to understand patients’

conditions and their response to treatments to a greater degree.
Conclusion

In our research, a nomogram was developed to deliver accurate

prognostic predictions for HCC patients who have undergone

curative surgical resection. This predictive tool enables healthcare

professionals to precisely identify individuals at elevated risk, thereby

facilitating timely and appropriate therapeutic interventions.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Ethics

Committee of Affiliated Cancer Hospital of Guangxi Medical

University. The studies were conducted in accordance with the

local legislation and institutional requirements. Written informed

consent for participation was not required from the participants or

the participants’ legal guardians/next of kin in accordance with the

national legislation and institutional requirements.
Author contributions

GX: Conceptualization, Investigation, Methodology, Resources,

Writing – original draft, Writing – review & editing. ZY:

Conceptualization, Data curation, Investigation, Writing – review
Frontiers in Oncology 10
& editing. SL: Data curation, Methodology, Writing – original draft.

XW: Formal analysis, Project administration, Validation, Writing –

review & editing. YZ: Formal analysis, Project administration,

Software, Writing – review & editing. JC: Conceptualization,

Funding acquisition, Investigation, Resources, Supervision,

Validation, Visualization, Writing – original draft, Writing –

review & editing.
Funding

The author(s) declare financial support was received for the

research, authorship, and/or publication of this article. This work

was supported by the National Natural Science Foundation of

China (82260345), the Key Research and Development Program

of Guangxi (AB22080066), the “139” Plan for Training High-level

Backbone Medical Talents in Guangxi (G202003008), the Guangxi

Medical University Outstanding Young Talents Training Program

and The Guangxi Science and Technology Base and Talent Special

Fund(2024AC43021).supported by Hunan Provincial Natural

Science Foundation of China (2024JJ7479).
Acknowledgments

We sincerely thank all patients who participated in our study.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1559083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Xia et al. 10.3389/fonc.2025.1559083
References
1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin. (2022) 72:7–33. doi: 10.3322/caac.21708

2. Koshy A. Evolving global etiology of hepatocellular carcinoma (Hcc): insights and
trends for 2024. J Clin Exp Hepatol. (2025) 15:102406. doi: 10.1016/j.jceh.2024.102406

3. Mak L-Y, Liu K, Chirapongsathorn S, Yew KC, Tamaki N, Rajaram RB, et al. Liver
diseases and hepatocellular carcinoma in the asia-pacific region: burden, trends,
challenges and future directions. Nat Rev Gastroenterol Hepatol. (2024) 21:834–51.
doi: 10.1038/s41575-024-00967-4

4. Yang X, Yang C, Zhang S, Geng H, Zhu AX, Bernards R, et al. Precision treatment
in advanced hepatocellular carcinoma. Cancer Cell. (2024) 42:180–97. doi: 10.1016/
j.ccell.2024.01.007

5. Barcena-Varela M, Monga SP, Lujambio A. Precision models in hepatocellular
carcinoma. Nat Rev Gastroenterol Hepatol. (2024) 1–15. doi: 10.1038/s41575-024-
01024-w

6. Safri F, Nguyen R, Zerehpooshnesfchi S, George J, Qiao L. Heterogeneity of
hepatocellular carcinoma: frommechanisms to clinical implications. Cancer Gene Ther.
(2024) 31:1105–12. doi: 10.1038/s41417-024-00764-w

7. Chen K, Shuen TWH, Chow PKH. The association between tumour heterogeneity
and immune evasion mechanisms in hepatocellular carcinoma and its clinical
implications. Br J Cancer. (2024) 131:420–9. doi: 10.1038/s41416-024-02684-w

8. CongWM, Bu H, Chen J, Dong H, Zhu YY, Feng LH, et al. Practice guidelines for
the pathological diagnosis of primary liver cancer: 2015 update. World J Gastroenterol.
(2016) 22:9279–87. doi: 10.3748/wjg.v22.i42.9279

9. Fuster-Anglada C, Mauro E, Ferrer-Fàbrega J, Caballol B, Sanduzzi-Zamparelli M,
Bruix J, et al. Histological predictors of aggressive recurrence of hepatocellular carcinoma
after liver resection. J Hepatol. (2024) 81:995–1004. doi: 10.1016/j.jhep.2024.06.018

10. Sun JX, Yang Z, Wu JY, Shi J, Yu HM, Yan ML, et al. A new scoring system for
predicting the outcome of hepatocellular carcinoma patients without microvascular
invasion-a large-scale multicentre study. HPB (Oxford). (2024) 26:741–52.
doi: 10.1016/j.hpb.2024.02.007

11. Wang H, Chen JJ, Yin SY, Sheng X, Wang HX, Lau WY, et al. A grading system
of microvascular invasion for patients with hepatocellular carcinoma undergoing liver
resection with curative intent: A multicenter study. J Hepatocell Carcinoma. (2024)
11:191–206. doi: 10.2147/JHC.S447731

12. Yuan E, Chen Y, Song B. Quality of radiomics for predicting microvascular
invasion in hepatocellular carcinoma: A systematic review. Eur Radiol. (2023) 33:3467–
77. doi: 10.1007/s00330-023-09414-5

13. Li J, Wang Q, Yan Y, Sun L, Zhang G, Li G, et al. Development and validation of
a prognostic nomogram to predict the recurrence of afp-negative and dcp-positive
hepatocellular carcinoma after curative resection. Front Oncol. (2024) 14:1414083.
doi: 10.3389/fonc.2024.1414083

14. Bao D, Zhang C, Li L, Wang H, Li Q, Ni L, et al. Integrative analysis of
complement system to prognosis and immune infiltrating in colon cancer and gastric
cancer. Front Oncol. (2020) 10:553297. doi: 10.3389/fonc.2020.553297

15. Lawal B, Tseng SH, Olugbodi JO, Iamsaard S, Ilesanmi OB, Mahmoud MH, et al.
Pan-cancer analysis of immune complement signature C3/C5/C3ar1/C5ar1 in
association with tumor immune evasion and therapy resistance. Cancers (Basel).
(2021) 13:4124. doi: 10.3390/cancers13164124

16. Su H, Chen Y, Wang W. Novel prognostic model of complement and
coagulation cascade-related genes correlates with immune environment and drug
sensitivity in hepatocellular carcinoma. Heliyon. (2024) 10:e38230. doi: 10.1016/
j.heliyon.2024.e38230

17. Huang CT, Chu YL, Su TH, Huang SC, Tseng TC, Hsu SJ, et al. Optimizing
survival benefit by surgical resection by the seven-eleven criteria in barcelona clinic
liver cancer stage a/B hepatocellular carcinoma beyond the milan criteria. Liver Cancer.
(2023) 12:539–49. doi: 10.1159/000529143

18. Tang S-C, Zhang K-L, Lin K-Y, Tang Y-D, Fu J, Zhou W-P, et al. A multicenter
propensity score analysis of significance of hepatic resection type for early-stage
hepatocellular carcinoma. Hepatol Int. (2024) 18:623–35. doi: 10.1007/s12072-023-10602-0

19. Zhang H, Sheng S, Qiao W, Han M, Jin R. A novel nomogram to predict the
overall survival of early-stage hepatocellular carcinoma patients following ablation
therapy. Front Oncol. (2024) 14:1340286. doi: 10.3389/fonc.2024.1340286

20. Hao X, Xu L, Lan X, Li B, Cai H. Impact of hepatic inflammation and fibrosis on
the recurrence and long-term survival of hepatitis B virus-related hepatocellular
Frontiers in Oncology 11
carcinoma patients after hepatectomy. BMC Cancer. (2024) 24:475. doi: 10.1186/
s12885-024-12187-9

21. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A, et al.
Bclc strategy for prognosis prediction and treatment recommendation: the 2022
update. J Hepatol. (2022) 76:681–93. doi: 10.1016/j.jhep.2021.11.018

22. Hao S, Yongguang W, Xiwen L, Guangzhi Z, Minhao P, Fang F, et al.
Interpretation of the updates of the chinese guidelines for the diagnosis and
treatment of primary liver cancer (Cnlc-2024 edition). Hepatoma Res. (2024) 10:30.
doi: 10.20517/2394-5079.2024.70

23. Merle NS, Roumenina LT. The complement system as a target in cancer
immunotherapy. Eur J Immunol. (2024) 54:e2350820. doi: 10.1002/eji.202350820

24. Pritzlaff R, Baweja S, Kaul A, Kaul R. The role of complement regulatory proteins
during liver homeostasis and hepatitis C virus-related liver disease. Mol Biomarkers
Cancer Diagnosis Ther. (2024) 305:318. doi: 10.1007/978-981-99-3746-2_15

25. Mastellos DC, Hajishengallis G, Lambris JD. A guide to complement biology,
pathology and therapeutic opportunity. Nat Rev Immunol. (2024) 24:118–41.
doi: 10.1038/s41577-023-00926-1

26. Qian X, Yang Z, Gao L, Liu Y, Yan J. The role of complement in the clinical
course of hepatocellular carcinoma. Immun Inflammation Dis. (2022) 10:e569.
doi: 10.1002/iid3.569

27. Xiao Z, Yeung CLS, Yam JWP, Mao X. An update on the role of complement in
hepatocellular carcinoma. Front Immunol. (2022) 13:1007382. doi: 10.3389/
fimmu.2022.1007382

28. Wang N, Tan HY, Lu Y, Chan YT, Wang D, Guo W, et al. Piwil1 governs the
crosstalk of cancer cell metabolism and immunosuppressive microenvironment in
hepatocellular carcinoma. Signal Transduct Target Ther. (2021) 6:86. doi: 10.1038/
s41392-021-00485-8

29. Senent Y, Tavira B, Pio R, Ajona D. The complement system as a regulator of
tumor-promoting activities mediated by myeloid-derived suppressor cells. Cancer Lett.
(2022) 549:215900. doi: 10.1016/j.canlet.2022.215900

30. Yugawa K, Maeda T, Kinjo N, Kawata K, Ikeda S, Edahiro K, et al. Prognostic
impact of lymphocyte–C-reactive protein ratio in patients who underwent surgical
resection for hepatocellular carcinoma. J Gastrointestinal Surg. (2022) 26:104–12.
doi: 10.1007/s11605-021-05085-z

31. Yang J, Qian J, Wu Z, Zhang W, Yin Z, Shen W, et al. Exploring the factors
affecting the occurrence of postoperative mvi and the prognosis of hepatocellular
carcinoma patients treated with hepatectomy: A multicenter retrospective study.
Cancer Med. (2024) 13:e6933. doi: 10.1002/cam4.6933

32. Hwang YJ, Bae JS, Lee Y, Hur BY, Lee DH, Kim H. Classification of
microvascular invasion of hepatocellular carcinoma: correlation with prognosis and
magnetic resonance imaging. Clin Mol Hepatol. (2023) 29:733–46. doi: 10.3350/
cmh.2023.0034

33. Yu Y, Wang XH, Hu WJ, Chen DH, Hu ZL, Li SQ. Patterns, Risk Factors, and
Outcomes of Recurrence after Hepatectomy for Hepatocellular Carcinoma with and
without Microvascular Invasion. J Hepatocell Carcinoma. (2024) 11:801–12.
doi: 10.2147/JHC.S438850

34. Xu W, Wang Y, Yang Z, Li J, Li R, Liu F. New insights into a classification-based
microvascular invasion prediction model in hepatocellular carcinoma: A multicenter
study. Front Oncol. (2022) 12:796311. doi: 10.3389/fonc.2022.796311

35. Zhao X, Wang Y, Xia H, Liu S, Huang Z, He R, et al. Roles and molecular
mechanisms of biomarkers in hepatocellular carcinoma with microvascular invasion: A
review. J Clin Transl Hepatol. (2023) 11:1170–83. doi: 10.14218/JCTH.2022.00013S

36. Cai Y, Fu Y, Liu C, Wang X, You P, Li X, et al. Stathmin 1 is a biomarker for
diagnosis of microvascular invasion to predict prognosis of early hepatocellular
carcinoma. Cell Death Dis. (2022) 13:176. doi: 10.1038/s41419-022-04625-y

37. Yao LQ, Li C, Diao YK, Liang L, Jia HD, Tang SC, et al. Grading severity of
microscopic vascular invasion was independently associated with recurrence and
survival following hepatectomy for solitary hepatocellular carcinoma. Hepatobiliary
Surg Nutr. (2024) 13:16–28. doi: 10.21037/hbsn-22-411

38. Danzeng A, Guo L, Yang Z-H, He Z-W, Zeng C-L, Ciren P, et al. Postoperative
Lenvatinib + pd-1 Blockade Reduces Early Tumor Recurrence in Hepatocellular
Carcinoma with Microvascular Invasion (Barcelona Clinic Liver Cancer Stage 0 or
a): A Propensity Score Matching Analysis. J Gastrointestinal Surg. (2024) 28:1104–12.
doi: 10.1016/j.gassur.2024.05.001
frontiersin.org

https://doi.org/10.3322/caac.21708
https://doi.org/10.1016/j.jceh.2024.102406
https://doi.org/10.1038/s41575-024-00967-4
https://doi.org/10.1016/j.ccell.2024.01.007
https://doi.org/10.1016/j.ccell.2024.01.007
https://doi.org/10.1038/s41575-024-01024-w
https://doi.org/10.1038/s41575-024-01024-w
https://doi.org/10.1038/s41417-024-00764-w
https://doi.org/10.1038/s41416-024-02684-w
https://doi.org/10.3748/wjg.v22.i42.9279
https://doi.org/10.1016/j.jhep.2024.06.018
https://doi.org/10.1016/j.hpb.2024.02.007
https://doi.org/10.2147/JHC.S447731
https://doi.org/10.1007/s00330-023-09414-5
https://doi.org/10.3389/fonc.2024.1414083
https://doi.org/10.3389/fonc.2020.553297
https://doi.org/10.3390/cancers13164124
https://doi.org/10.1016/j.heliyon.2024.e38230
https://doi.org/10.1016/j.heliyon.2024.e38230
https://doi.org/10.1159/000529143
https://doi.org/10.1007/s12072-023-10602-0
https://doi.org/10.3389/fonc.2024.1340286
https://doi.org/10.1186/s12885-024-12187-9
https://doi.org/10.1186/s12885-024-12187-9
https://doi.org/10.1016/j.jhep.2021.11.018
https://doi.org/10.20517/2394-5079.2024.70
https://doi.org/10.1002/eji.202350820
https://doi.org/10.1007/978-981-99-3746-2_15
https://doi.org/10.1038/s41577-023-00926-1
https://doi.org/10.1002/iid3.569
https://doi.org/10.3389/fimmu.2022.1007382
https://doi.org/10.3389/fimmu.2022.1007382
https://doi.org/10.1038/s41392-021-00485-8
https://doi.org/10.1038/s41392-021-00485-8
https://doi.org/10.1016/j.canlet.2022.215900
https://doi.org/10.1007/s11605-021-05085-z
https://doi.org/10.1002/cam4.6933
https://doi.org/10.3350/cmh.2023.0034
https://doi.org/10.3350/cmh.2023.0034
https://doi.org/10.2147/JHC.S438850
https://doi.org/10.3389/fonc.2022.796311
https://doi.org/10.14218/JCTH.2022.00013S
https://doi.org/10.1038/s41419-022-04625-y
https://doi.org/10.21037/hbsn-22-411
https://doi.org/10.1016/j.gassur.2024.05.001
https://doi.org/10.3389/fonc.2025.1559083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	A novel nomogram based on complement C3 to predict the overall survival of early-stage hepatocellular carcinoma patients with microvascular invasion-positive undergoing curative resection
	Introduction
	Patients and methods
	Patients
	Data collection
	Follow-up
	Statistical analysis

	Results
	Baseline characteristics
	Screened risk factors for overall survival
	Development of the nomogram for overall survival
	Performance of the established nomogram
	Validation of the nomogram
	Prognostic stratification of the patients based on the nomogram scores

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


