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Development and validation of a
prognostic nomogram to predict
the recurrence of AFP-negative
and DCP-positive hepatocellular
carcinoma after
curative resection
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Gongming Zhang4, Guangming Li4* and Ronghua Jin1*

1Beijing Key Laboratory of Emerging Infectious Diseases, Institute of Infectious Diseases, Beijing Ditan
Hospital, Capital Medical University, Beijing, China, 2People’s Hospital of Donghai County,
Lianyungang, China, 3Beijing Institute of Hepatology, Beijing You 'an Hospital, Capital Medical
University, Beijing, China, 4Department of General Surgery, Beijing You 'an Hospital, Capital Medical
University, Beijing, China
Purpose: Approximately one-third of hepatocellular carcinoma (HCC) cases are

characterized by alpha-fetoprotein (AFP) negativity (AFP-NHCC. Among these

patients, around 60% exhibit des-gamma-carboxyprothrombin (DCP) positivity,

and DCP-positive patients have a poorer prognosis. As a curative treatment,

recurrence after liver resection poses significant challenges to the prognosis of

HCC patients. Therefore, it is necessary to determine the relevant risk factors of

these patients and provide timely treatment options.

Methods: This study included 540 patients who underwent resection at Beijing

You’an Hospital. 292 patients from 2014 to 2018 constituted the training cohort,

while 248 patients from 2018 to 2020 constituted the validation cohort. All

patients underwent routine follow-ups until December 2023. Variables were

identified through Cox regression, and a nomogram was developed. The

nomogram was evaluated using time-dependent receiver operating

characteristic curves (ROC), calibration curves, Decision curve analysis (DCA),

and Kaplan-Meier (KM) curve analysis

Results: We found that age, tumor number, tumor size, g-glutamyl

transpeptidase (g-GT), and prothrombin time (PT) are independent risk factors

for HCC recurrence, and a nomogramwas developed and validated based on this

result to predict recurrence-free survival (RFS) at 1, 2, and 3 years. The

performance of the nomogram was further confirmed by the ROC curve,

calibration curve, and DCA, all of which showed favorable results. The KM
Abbreviations: HCC, Hepatocellular carcinoma; AFP, Serum alpha-fetoprotein; AFP-NHCC, AFP negative

HCC; TBIL, total bilirubin; DBIL, direct bilirubin; ALB, albumin; AST, aspartate aminotransferase; ALT,

alanine aminotransferase; g-GT, g-glutamyltransferase; PT, prothrombin time; t.s, tumor size; t.n, tumor

number; SD, standard deviation; RFS, recurrence-free survival; DCA, Decision curve analysis; ROC, Receiver

Operating Characteristic Curve; AUC, Area Under Curve; BCLC, Barcelona Clinic Liver Cancer.
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curve analysis clearly distinguishes between two groups of people with different

risks in terms of prognosis in both the training and validation sets.

Conclusion: In summary, we established and validated a novel nomogram by

multivariate Cox regression analysis to predict recurrence in DCP-positive

patients with AFP-NHCC after resection. The nomogram, including age, tumor

number, tumor size, g-GT, and PT, demonstrates better predictive ability for AFP-

NHCC patients with DCP positive.
KEYWORDS

hepatocellular carcinoma, AFP negative, DCP positive, resection, recurrence
Introduction

Hepatocellular carcinoma (HCC), the most common primary liver

cancer, is one of the most malignant diseases in the world, with the

sixth most common cancer worldwide and the third leading cause of

cancer death in the world. There were approximately 906,000 new

cases and over 830,000 deaths from HCC in 2020, with 410,000 new

cases and 390,000 deaths. China accounts for half of these new cases

and deaths, suggesting a universally poor prognosis (1, 2). In China, the

main pathogenic factor is chronic HBV infection or aflatoxin exposure

(3). For patients with early-stage HCC, there are a few curative therapy

options currently available, including surgical resection, liver

transplantation, and local ablations (4–6). Surgical resection is the

primary treatment for HCC, but they are only effective in 15%-30% of

cases (7, 8). The most significant factor affecting treatment outcomes is

tumor recurrence after surgery. According to the research, the

postoperative recurrence rate at 5 years is reported to be >70%,

which seriously affects the survival and prognosis of patients (9).

Serum alpha-fetoprotein(AFP)is considered the most reliable

biomarker of HCC diagnosis, it is widely applied for the screening,

diagnosis, and monitoring of HCC recurrence and metastasis (10, 11).

However, approximately one-third of HCC cases are characterized

by AFP negativity (AFP-NHCC) (AFP < 20 ng/mL) (12), which

poses challenges to the diagnosis and treatment of patients with

AFP-NHCC and adversely affects their prognosis (13, 14). In these

patients, a considerable proportion exhibit elevation of des-gamma-

carboxyprothrombin (DCP) level (>40mAU/ml) (15, 16). DCP, also

known as a protein induced by vitamin K absence or antagonist-II

(PIVKA-II), is an aberrantly elevated prothrombin protein in the

serum of HCC patients. Currently, in the Asia-Pacific region (such

as Japan and South Korea), DCP has been listed as a specific indicator

for diagnosing HCC (17–20). Moreover, research indicates that the

prognosis of AFP-negative and DCP-positive patients is only slightly

inferior to that of double-positive patients for AFP and DCP (21).

Some indicators are predicting the prognosis of AFP-NHCC

patients, such as Barcelona Clinic Liver Cancer (BCLC) staging and

American Joint Committee on Cancer (AJCC TNM) staging, TBS-

PIVKA II score, ALBI, MLR, and NrLR (22–24), as their descriptions
02
of diseases are not comprehensive enough due to the introduction of

heterogeneity. Nomograms have emerged as a simpler and more

advanced method. The main advantage of nomograms is their ability

to assess individual risk based on patient and disease characteristics

(25). Currently, many studies have utilized nomograms to predict

recurrence-free survival (RFS) and overall survival (OS) in AFP-

NHCC patients after surgical resection (26, 27). However, there is a

lack of research in the field for AFP-NHCC patients with elevated

DCP levels. Therefore, there is an urgent need to identify relevant risk

factors and establish a comprehensive nomogram to predict

recurrence in this specific subtype of patients. and offer timely

treatment choices for this subset of patients.
Patients and methods

Patients

This study included 540 AFP-NHCC patients with elevated

DCP levels who underwent liver resection at Beijing You’an

Hospital, Capital Medical University. 292 patients from 2014 to

2018 constituted the training cohort, while 248 HCC patients from

2018 to 2020 constituted the validation cohort.

Inclusion criteria for this study were as follows (1): The

pathological diagnosis was HCC (2); Child-Pugh stage A or B and

BCLC stage 0 or A (3); Patients received radical hepatectomy (4);

The serum AFP level < 20 ng/mL and DCP level > 40mAU/ml

before hepatectomy. Exclusion criteria included as follows (1): Had

received other treatments before surgery (2); Have distant

metastasis or other malignant disease (3); Have other primary

malignancies (4); Patients with Vit. K or warfarin administration

(5); Before recurrence, have other treatment after surgery (6);

Clinical follow-up data are incomplete

As a retrospective study, the study protocol was approved by the

Ethics Committee of Beijing You’an Hospital and complied with the

requirements of the Declaration of Helsinki. As a low-risk study by

the Helsinki protocol, written informed consent was waived by the

same local committee.
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Laboratory examination and
clinicopathologic data

Clinicopathological data and baseline data were obtained from

the electronic medical record system, including (1) demographics

and medical history: age, gender, hypertension, diabetes, antiviral,

smoking, drinking, and cirrhosis, (2) liver function and coagulation

action test: total bilirubin (TBIL), direct bilirubin (DBIL), albumin

(ALB), aspartate aminotransferase (AST), alanine aminotransferase

(ALT), g-glutamyl transferase (g-GT), prothrombin time (PT), and

Child-Pugh grade, (3) complete blood count: white blood cells

(WBCs), red blood cells (RBCs), and hemoglobin (Hb). (4) tumor

information: tumor number, tumor size, and BCLC stage.
Follow-up

All patients were routinely followed up after liver resection until

December 2023. After hepatectomy, abdominal CT or MRI, AFP

levels, and other laboratory examinations should be performed.

Follow-up was conducted every 3 months for the first two years and

every 6 months thereafter. The endpoint of the study was

recurrence-free survival (RFS), which was the time from

hepatectomy to the first detection of recurrence, the time of death

without detection of HCC recurrence, or the last observation time.
Statistical analysis

Statistical analysis was done using SPSS 26.0 and R 4.1.2

software. Categorical variables are presented as numbers

(percentage) and compared using chi-square, while continuous

data are expressed as mean ± standard deviation (SD) and

analyzed by Student’s t-test. Univariate and multivariate COX

regression analyses were used to identify independent risk factors

for recurrence. The recurrence curve was plotted by the Kaplan-

Meier (KM) method, and the data were compared by log test.

Nomogram was developed by R software. Discrimination and

calibration of the nomogram were performed by the training

cohort and verification cohort respectively. Decision curve

analysis (DCA) was performed to determine the clinical decision

benefit of the nomogram. A two-tailed P value < 0.05 was

considered statistically significant.
Results

Basic characteristics

To develop and validate the nomogram, we assigned 292 patients

from 2014 to 2018 to the training cohort and 248 patients from 2018

to 2020 to the validation cohort. The clinicopathological features of

the training and validation cohorts were evaluated. Table 1 shows the

characteristics of 292 patients in the training cohort and 248 patients
Frontiers in Oncology 03
TABLE 1 Patient clinical characteristics in the training cohort and
validation cohort.

Characteristics
Training
Cohort
(N = 292)

Validation
cohort
(N = 248)

P
value

Age— no. (%) 0.991

≤60 years 180 (61.6) 153 (61.7)

>60 years 112 (38.4) 95 (38.3)

Gender— no. (%) 0.438

Male 243 (83.2) 200 (80.6)

Female 49 (16.8) 48 (19.4)

Hypertension— no. (%) 75 (25.7) 75 (30.2) 0.239

Diabetes— no. (%) 84 (28.8) 70 (28.2) 0.890

Etiology— no. (%)

HBV/HCV 268 (91.8) 218 (87.9) 0.134

Other 24 (8.2) 30 (12.1)

Antiviral— no. (%) 188 (64.4) 166 (66.9) 0.534

Smoking— no. (%) 129 (44.2) 110 (44.4) 0.967

Drinking— no. (%) 111 (38.0) 79 (31.9) 0.135

Cirrhosis— no. (%) 266 (91.1) 224 (90.3) 0.757

BCLC stages— no. (%) 0.420

0 109 (37.3) 101 (40.7)

A 183 (62.7) 147 (59.3)

Child-Pugh class—
no. (%)

0.190

A 218 (74.7) 197 (79.4)

B 74 (25.3) 51 (20.6)

Tumor number —
no. (%)

0.440

Single 240 (82.2) 210 (84.7)

Multiple 52 (17.8) 38 (15.3)

Tumor size — no. (%) 0.647

≤3 cm 202 (69.2) 167(67.3)

>3 cm 90 (30.8) 81(23.7)

WBC (mean ± SD),109/L 5.02 ± 2.21 5.11 ± 2.13 0.625

RBC (mean ± SD),106/L 4.15 ± 0.61 4.22 ± 0.6 0.181

Hb (mean ± SD),g/L 130.33
± 19.51

131.24
± 19.41

0.590

Total Protein (mean± SD), g/L 64.91 ± 8.33 65.96 ± 7.64 0.130

Globulin (mean ± SD), g/L, 27.72 ± 4.97 28.55 ± 5.08 0.056

g-GT (mean ± SD), U/L 62.72 ± 47.73 61.82 ± 53.61 0.837

PT (mean ± SD), s 12.24 ± 1.48 12.37 ± 1.5 0.573
fro
BCLC, Barcelona Clinic Liver Cancer; WBC, white blood cell; RBC, red blood cell; Hb,
Hemoglobin; g-GT, g-glutamyltransferase; PT, prothrombin time.
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in the validation cohort. Furthermore, the absence of statistically

significant differences in baseline variables between the two cohorts

suggests a high level of consistency.
Independent prognostic factors for RFS

To investigate the risk factors associated with RFS, univariate

analyses were performed on 27 clinical variables. The results

showed that (Table 2), age, tumor number, tumor size, g-GT, PT,
Child-Pugh, BCLC, and Hb were significantly correlated with RFS.

Through further Cox multivariate analysis, we found that age
Frontiers in Oncology 04
(HR:1.016; 95%CI: 1.001-1.032), tumor number (HR: 1.552; 95%

CI: 1.016-2.371), tumor size (HR:1.638; 95%CI: 1.108-2.421), g-GT
(HR:1.006; 95%CI: 1.003-1.009), PT (HR: 1.174; 95%CI: 1.046-

1.317) are independent risk factors for HCC recurrence.
Prognostic nomogram for RFS and the
evaluation of the nomogram

Based on the five identified risk factors, a nomogram was

constructed to predict RFS at 1, 2, and 3 years after resection

(Figure 1). The nomogram is valued to obtain the probability of 1, 2,
TABLE 2 Univariate and multivariate Cox analysis of the training cohort.

Variables Univariate analysis Multivariate analysis

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

Age 1.015 1.000-1.030 0.043 1.016 1.001-1.032 0.040

Sex 0.773 0.534-1.121 0.175

Hypertension 0.844 0.618-1.154 0.288

Diabetes 0.876 0.617-1.245 0.461

Etiology 1.025 0.996-1.055 0.086

Antiviral 0.890 0.681-1.163 0.394

Smoking 1.102 0.842-1.442 0.480

Drinking 1.255 0.955-1.648 0.103

Cirrhosis 1.107 0.780-1.572 0.570

ChildPugh 1.336 0.989-1.805 0.059 0.912 0.641-1.297 0.607

BCLC 1.483 1.121-1.963 0.006 1.051 0.703-1.571 0.807

t.n. 1.363 0.966-1.923 0.078 1.552 1.016-2.371 0.042

t.s. 1.670 1.260-2.215 <0.001 1.638 1.108-2.421 0.013

WBC 0.981 0.922-1.043 0.535

RBC 1.17 0.65-1.12 0.26

Hb 0.767 0.632-0.945 0.013 1.001 0.993-1.009 0.848

PLT 0.998 0.996-1.000 0.129

ALT 1.003 0.997-1.008 0.387

AST 1.000 0.99-1.01 0.829

AST/ALT 1.009 0.994-1.025 0.242

TBIL 1.000 0.98-1.01 0.707

DBIL 1.010 0.95-1.02 0.533

Total Protein 0.991 0.976-1.007 0.255

ALB 0.970 0.94-1.01 0.195

Globulin 1.020 0.99-1.06 0.148

g-GT 1.006 1.003-1.008 <0.001 1.006 1.003-1.009 <0.001

PT 1.149 1.050-1.258 0.003 1.174 1.046-1.317 0.007

INR 0.62 0.5-5.11 0.425
Bold represents statistical significance, with univariate Cox <0.1 and multivariate Cox <0.05.
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and 3 years of recurrence by adding up the points identified on the

points scale for each variable.

In the training cohort, the median follow-up time was 67.63

months (11.1-114.5) and the median RFS was 30.4 months (2.37-

112.6). The Harrell’s concordance index (C-index) for RFS

prediction was 0.785 (95%CI = 0.748-0.822). Time-point receiver

operating characteristic (ROC) curves are used to evaluate the

discrimination ability of the nomogram. The AUCs of ROC

curves for RFS at 1, 2, and 3 years were 0.703,0.732, and 0.755

(Figure 2A). In addition, the calibration curves for RFS at 1, 2, and 3

years confirmed a high degree of agreement between nomogram

predictions and actual observations (Figures 3A–C).
Analysis of the nomogram in the
validation cohort

In the validation cohort, the median follow-up time was 34.8

months (4.6-54.7) and the median RFS was 23 months (1.4-54.7).

The C-index for RFS prediction was 0.799 (95%CI = 0.75-0.848).

Time-point roc curves are used to evaluate the discrimination

ability of this nomogram. The AUCs (ROC curve) for RFS at 1, 2,

and 3 years were 0.651,0.75 and 0.848 (Figure 2B). After

hepatectomy, the calibration curves for RFS at 1, 2, and 3 years

confirmed a high degree of agreement between nomogram

predictions and actual observations (Figures 3D–F).
Decision curve analysis

DCA displays the benefits obtained using a predictive model at

different treatment decision thresholds. It plots the sensitivity and

specificity of the predictive model on the x-axis against the net
Frontiers in Oncology 05
benefit on the y-axis. The net benefit of the reference strategy is set

to zero, meaning its decision curve always lies below the x-axis. The

DCA curve of this nomogram being further away from the decision

curve of the reference strategy indicates the higher clinical utility.

According to the DCA of this nomogram, if a patient’s threshold

probability is closer to 10% or higher, this nomogram is more

beneficial in predicting RFS whether all patients with recurrence or

no patients with early recurrence (Figure 4).
Risk strata of nomogram

Finally, we calculate the total risk score for all patients based on

the nomogram. Then, using the median score, we divide the

patients into low-risk and high-risk groups. Kaplan-Meier curves

demonstrate distinct prognostic categorization for HCC patients in

these two distinct risk groups. This stratification approach was

similarly employed for patients in the validation cohort, with all

results showing statistical significance (P < 0.001). (Figure 5)
Discussion

HCC, as the primary type of liver cancer, is a leading cause of

cancer-related deaths worldwide. this increases the length of hospital

stays for patients and severely impacts their prognosis (28). AFP-

NHCC with DCP level elevation exhibits a worse prognosis

compared to other subgroups where these two indicators do not

show elevation. Therefore, it is of paramount importance to identify

high-risk patients prone to recurrence after hepatectomy and to

initiate early monitoring along with appropriate clinical decisions.

In our study, we included 540 patients with AFP-NHCC with

elevation of DCP level who underwent hepatectomy. We identified
FIGURE 1

Nomogram, including Age, t.n, t.s, g-GT, and PT, for one, two, and three years RFS in patients with AFP-NHCC and elevated DCP level. The
nomogram is valued to obtain the probability of 1, 2, and 3 years’ recurrence by adding up the points identified on the points scale for each variable.
t.n, tumor number; t.s, tumor size; g-GT, g-glutamyl transpeptidase; PT, prothrombin time.
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risk factors for early HCC recurrence and used these factors to

establish a nomogram to predict the recurrence of HCC. This model

based on multivariate Cox regression analysis shows effective

prediction performance, as supported by high AUCs of the time-

dependent ROC curves for the training and validation cohorts,

especially for the 2- and 3-year time points. The calibration curves

displayed good agreements, suggesting predictive accuracy for our

nomogram, and the DCA curves confirmed a high net clinical

benefit rate. In addition, the clinical indicators applied in this study
Frontiers in Oncology 06
cover a wide range, including demographics, liver function, and

tumor load, allowing for a more comprehensive assessment of

patients. What’s more, our nomogram has high guiding value to

the clinic, the model is not only simple and easy to obtain but also

helps clinicians to assess patients and treat them precisely in the

shortest time, such as considering repeat surgical resection, liver

transplantation, ablation, and close follow-up.

In univariate Cox regression, it showed a significant correlation

between Child-Pugh score, BCLC stage, HB, and RFS. Child-Pugh
A B

FIGURE 2

Time-point roc curves of the nomogram in the training and validation cohort. (A) The AUCs for RFS at 1, 2and 3 years in the training cohort. (B) The AUCs
for RFS at 1, 2and 3 years in the validation cohort.
A B

D E F

C

FIGURE 3

Calibration curve of the nomogram in the training and validation cohort. A.1-year RFS in the training cohort. (B) 2-year RFS in the training cohort.
(C) 1-year RFS in the training cohort. (D) 1-year RFS in the validation cohort. (E) 2-year RFS in the validation cohort. (F) 3-year RFS in the
validation cohort.
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stage as grading of liver reserve function in cirrhotic patients has

significant roles in prognostic prediction for HCC patients and is

associated with an increased risk of unfavorable outcomes. BCLC

stage is the most widely used staging system worldwide and has been

validated in several large studies for prognostic prediction in patients

with HCC, especially early HCC (29, 30). However, these variants

were not significant in multivariate Cox regression. This nomogram

contains five independent risk factors for early recurrence, namely

age, tumor number, tumor size, g-GT, and PT. Several possible

mechanisms can explain the rationale of our model. Advanced age

has been confirmed by numerous studies as an independent risk

factor for adverse postoperative outcomes in many diseases (31). This
Frontiers in Oncology 07
is mainly due to the lower immune response and physical resilience in

elderly patients, leading to slower postoperative recovery and an

increased risk of recurrence. One study showed that tumor size >5 cm

may be associated with higher recurrence and lower survival (32).

Multiple tumors are more prone to microvascular infiltration (MVI)

than single tumors, which may lead to an increase in postoperative

tumor recurrence. Additionally, GGT is a glycosylated mitochondrial

transferase located on the cytoplasmic membrane of liver cells (33).

When the body undergoes oxidative stress, GGT levels significantly

increase. However, high levels of GGT can, in turn, affect the

glutathione (GSH) antioxidant balance, thus promoting the

development and progression of tumors (34, 35). Serum GGT
A B C

D E F

FIGURE 4

DCA for nomogram depicts the clinical net benefit. (A) 1-year DCA in the training cohort. (B) 2-year DCA in the training cohort. (C) 1-year DCA in
the training cohort. (D) 1-year DCA in the validation cohort. (E) 2-year DCA in the validation cohort. (F) 3-year DCA in the validation cohort.
A B

FIGURE 5

Kaplan–Meier survival curves for patients with high- and low-risk recurrence after resection by the nomogram score. (A) Training cohort.
(B) Validation cohort.
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levels were demonstrated to increase with hepatocarcinogenesis and

promote tumor progression in an animal HCC model (36). In

addition, it has been established that GGT is an independent risk

factor for predicting postoperative recurrence of liver cancer and has

value in the early diagnosis of HCC (37–39). And, another study (40)

showed that GGT has no correlation with AFP concentration or

tumor size, and in AFP-NHCC patients, the positivity rate reaches

75%, which can compensate for the deficiency of AFP. Therefore,

GGT not only serves as a complement to the diagnosis of AFP-

NHCC but also has a certain impact on the prognosis of AFP-NHCC

patients. The liver plays a crucial role in the metabolism and synthesis

of clotting factors, and when the liver is damaged, the synthesis of

both clotting factors and anticoagulant proteins can be impaired (41).

HCC patients experience disease progression, cancer cell

proliferation, and infiltration, decreased immune function, and

hindered nutrient absorption, all of which have a certain impact on

the synthesis of coagulation factors in the body (42–44). The

imbalance of tumor, coagulation, and inflammation in the

bloodstream can promote tumor growth, invasion, and metastasis

by causing coagulation disorders (45).

In summary, nomograms that include the five risk factors

mentioned above demonstrate superior identification of early

recurrence in patients with AFP-NHCC and elevation of DCP level.

In addition, in patients with a high risk of early recurrence predicted by

nomogram, repeat surgical resection, liver transplantation, and other

adjunctive therapy options should be considered as an alternative

treatment with shorter follow-up intervals.

Although this nomogram has good predictive performance, this

study has some limitations. First of all, this study was a retrospective

study conducted in a single center, and selection and indication bias

are inevitable. Secondly, the establishment of our model is based on

HCC patients receiving hepatectomy in the early stage, and whether

it applies to middle to end-stage HCC patients remain to be verified.

Thirdly, in this study, most patients had viral etiologies, but recent

years have seen an increase in non-viral etiologies, which may lead

to variations in tumor marker behavior. These variations could

affect the generalizability of our findings, primarily applicable to

patients with viral etiologies. Future studies should include a larger

cohort of patients with non-viral etiologies and consider potential

interactions between different etiologies to validate and extend our

findings, enhancing their applicability and accuracy in a broader

clinical context. Finally, our model lacks external validation. Future

multi-center trials are still needed for further analysis.
Conclusion

In summary, we established and validated a novel nomogram by

multivariate Cox regression analysis to predict early recurrence in

patients with AFP-NHCC and elevated DCP levels after resection. The

nomogram, which includes five independent risk factors: age, tumor

number, tumor size, g-GT, and PT, demonstrates better predictive

ability, and our predictive model is simple to calculate and contains

readily available clinical indicators, which can greatly help physicians

make personalized treatment decisions for this subgroup patient.
Frontiers in Oncology 08
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 Beijing You ’an Hospital, Capital Medical

University. The studies were conducted in accordance with the

local legislation and institutional requirements. As a low-risk study

by the Helsinki protocol, written informed consent was waived by

the same local committee.
Author contributions

JL: Formal analysis, Methodology, Writing – original draft. QW:

Data curation, Writing – original draft. YY: Writing – review &

editing. LS: Writing – original draft. GZ: Methodology, Writing –

review & editing. GL: Conceptualization, Writing – original draft,

Writing – review & editing. RJ: Conceptualization, Supervision,

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 Beijing Nova Program (No. Z201100006820051

to XY) and, the National Natural Science Foundation of China

(81700508 to XY).
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.
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.2024.1414083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Li et al. 10.3389/fonc.2024.1414083
References
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/
caac.21660

2. Rumgay H, Arnold M, Ferlay J, Lesi O, Cabasag CJ, Vignat J, et al. Global burden
of primary liver cancer in 2020 and predictions to 2040. J Hepatol. (2022) 77:1598–606.
doi: 10.1016/j.jhep.2022.08.021

3. Kim DY. Changing etiology and epidemiology of hepatocellular carcinoma: Asia
and worldwide. J Liver Cancer. (2024) 24:62–70. doi: 10.17998/jlc.2024.03.13

4. Couri T, Pillai A. Goals and targets for personalized therapy for HCC.Hepatol Int.
(2019) 13:125–37. doi: 10.1007/s12072-018-9919-1

5. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet. (2018) 391:1301–14.
doi: 10.1016/S0140-6736(18)30010-2

6. Zhou J, Sun H, Wang Z, Cong W, Wang J, Zeng M, et al. Guidelines for the
diagnosis and treatment of hepatocellular carcinoma (2019 edition). Liver Cancer.
(2020) 9:682–720. doi: 10.1159/000509424

7. Treska V. Methods to increase future liver remnant volume in patients with
primarily unresectable colorectal liver metastases: current state and future perspectives.
Anticancer Res. (2016) 36:2065–71.

8. Bruix J, Llovet JM. Prognostic prediction and treatment strategy in hepatocellular
carcinoma. Hepatology. (2002) 35:519–24. doi: 10.1053/jhep.2002.32089

9. Shim JH, Jun MJ, Han S, Lee YJ, Lee SG, Kim KM, et al. Prognostic nomograms
for prediction of recurrence and survival after curative liver resection for hepatocellular
carcinoma. Ann Surg. (2015) 261:939–46. doi: 10.1097/SLA.0000000000000747

10. Zheng Y, Zhu M, Li M. Effects of alpha-fetoprotein on the occurrence and
progression of hepatocellular carcinoma. J Cancer Res Clin Oncol. (2020) 146:2439–46.
doi: 10.1007/s00432-020-03331-6

11. Sauzay C, Petit A, Bourgeois AM, Barbare JC, Chauffert B, Galmiche A, et al.
Alpha-foetoprotein (AFP): A multi-purpose marker in hepatocellular carcinoma. Clin
Chim Acta. (2016) 463:39–44. doi: 10.1016/j.cca.2016.10.006

12. Tateishi R, Yoshida H, Matsuyama Y, Mine N, Kondo Y, Omata M. Diagnostic
accuracy of tumor markers for hepatocellular carcinoma: a systematic review. Hepatol
Int. (2008) 2:17–30. doi: 10.1007/s12072-007-9038-x

13. Beale G, Chattopadhyay D, Gray J, Stewart S, Hudson M, Day C, et al. AFP,
PIVKAII, GP3, SCCA-1 and follisatin as surveillance biomarkers for hepatocellular
cancer in non-alcoholic and alcoholic fatty liver disease. BMC Cancer. (2008) 8:200.
doi: 10.1186/1471-2407-8-200

14. Agopian VG, Harlander-Locke MP, Markovic D, Zarrinpar A, Kaldas FM, Cheng
EY, et al. Evaluation of patients with hepatocellular carcinomas that do not produce
alpha-fetoprotein. JAMA Surg. (2017) 152:55–64. doi: 10.1001/jamasurg.2016.3310

15. Nakamura S, Nouso K, Sakaguchi K, Ito YM, Ohashi Y, Kobayashi Y, et al.
Sensitivity and specificity of des-gamma-carboxy prothrombin for diagnosis of patients
with hepatocellular carcinomas varies according to tumor size. Am J Gastroenterol.
(2006) 101:2038–43. doi: 10.1111/j.1572-0241.2006.00681.x

16. Lok AS, Sterling RK, Everhart JE, Wright EC, Hoefs JC, Di Bisceglie AM, et al.
Des-gamma-carboxy prothrombin and alpha-fetoprotein as biomarkers for the early
detection of hepatocellular carcinoma. Gastroenterology. (2010) 138:493–502.
doi: 10.1053/j.gastro.2009.10.031

17. Norman JS, Li PJ, Kotwani P, Shui AM, Yao F, Mehta N. AFP-L3 and DCP
strongly predict early hepatocellular carcinoma recurrence after liver transplantation.
J Hepatol. (2023) 79:1469–77. doi: 10.1016/j.jhep.2023.08.020

18. Imaoka Y, Ohira M, Kobayashi T, Honmyo N, Hamaoka M, Onoe T, et al.
Impact of geriatric nutritional risk index after initial hepatectomy for hepatocellular
carcinoma: a retrospective cohort study with the hiroshima surgical study group of
clinical oncology (HiSCO). J Gastrointest Surg. (2023) 27:1152–8. doi: 10.1007/s11605-
023-05624-w

19. Zhang YS, Chu JH, Cui SX, Song ZY, Qu XJ. Des-gamma-carboxy prothrombin
(DCP) as a potential autologous growth factor for the development of hepatocellular
carcinoma. Cell Physiol Biochem. (2014) 34:903–15. doi: 10.1159/000366308

20. Johnson P, Zhou Q, Dao DY, Lo YMD. Circulating biomarkers in the diagnosis
and management of hepatocellular carcinoma. Nat Rev Gastroenterol Hepatol. (2022)
19:670–81. doi: 10.1038/s41575-022-00620-y

21. Pan YX, Sun XQ, Hu ZL, Xie W, Nie KX, Fang AP, et al. Prognostic values of
alpha-fetoprotein and des-gamma-carboxyprothrombin in hepatocellular carcinoma in
China: an analysis of 4792 patients. J Hepatocell Carcinoma. (2021) 8:657–70.
doi: 10.2147/JHC.S316223

22. Qiu ZC, Wu YW, Qi WL, Li C. PIVKA-II combined with tumor burden score to
predict long-term outcomes of AFP-negative hepatocellular carcinoma patients after
liver resection. Cancer Med. (2023) 13. doi: 10.1002/cam4.6835

23. Wu Q, Zeng J, Zeng J. Inflammation-related marker nrLR predicts prognosis in
AFP-negative HCC patients after curative resection. J Hepatocell Carcinoma. (2023)
10:193–202. doi: 10.2147/JHC.S393286
Frontiers in Oncology 09
24. Krilov LR, Kamani N, Hendry RM, Wittek AE, Quinnan GV Jr.Longitudinal
serologic evaluation of an infant with acquired immunodeficiency syndrome. Pediatr
Infect Dis J. (1987) 6:1066–7. doi: 10.1097/00006454-198711000-00016

25. Balachandran VP, Gonen M, Smith JJ, DeMatteo RP. Nomograms in oncology:
more than meets the eye. Lancet Oncol. (2015) 16:e173–180. doi: 10.1016/S1470-2045
(14)71116-7

26. Sun Y, Xiong Y, Wang Q, Qiao W, Zhang H, Zhang Y. Development and
validation of a nomogram to predict the recurrence of hepatocellular carcinoma
patients with dynamic changes in AFP undergoing locoregional treatments. Front
Oncol. (2023) 13:1206345. doi: 10.3389/fonc.2023.1206345

27. Huang J, Liu FC, Li L, Zhou WP, Jiang BG, Pan ZY. Nomograms to predict the
long-time prognosis in patients with alpha-fetoprotein negative hepatocellular
carcinoma following radical resection. Cancer Med. (2020) 9:2791–802. doi: 10.1002/
cam4.2944

28. Vogel A, Meyer T, Sapisochin G, Salem R, Saborowski A. Hepatocellular
carcinoma. Lancet. (2022) 400:1345–62. doi: 10.1016/S0140-6736(22)01200-4

29. Grieco A, Pompili M, Caminiti G, Miele L, Covino M, Alfei B, et al.
Prognostic factors for survival in patients with early-intermediate hepatocellular
carcinoma undergoing non-surgical therapy: comparison of Okuda, CLIP, and BCLC
staging systems in a single Italian centre. Gut. (2005) 54:411–8. doi: 10.1136/
gut.2004.048124

30. Cillo U, Vitale A, Grigoletto F, Farinati F, Brolese A, Zanus G, et al. Prospective
validation of the Barcelona Clinic Liver Cancer staging system. J Hepatol. (2006)
44:723–31. doi: 10.1016/j.jhep.2005.12.015

31. Chatsirisupachai K, Lesluyes T, Paraoan L, Van Loo P, de Magalhaes JP. An
integrative analysis of the age-associated multi-omic landscape across cancers. Nat
Commun. (2021) 12:2345. doi: 10.1038/s41467-021-22560-y

32. Tsilimigras DI, Bagante F, Moris D, Hyer JM, Sahara K, Paredes AZ, et al.
Recurrence Patterns and Outcomes after Resection of Hepatocellular Carcinoma within
and beyond the Barcelona Clinic Liver Cancer Criteria. Ann Surg Oncol. (2020)
27:2321–31. doi: 10.1245/s10434-020-08452-3

33. Catalano M, Roviello G, Aprile G, Ramello M, Conca R, Petrioli R, et al.
Prognostic value of alkaline phosphatase and gamma-glutamyl transferase in patients
with metastatic pancreatic cancer. Future Oncol. (2023) 19:937–46. doi: 10.2217/fon-
2023-0137

34. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB. Oxidative stress,
inflammation, and cancer: how are they linked? Free Radic Biol Med. (2010)
49:1603–16. doi: 10.1016/j.freeradbiomed.2010.09.006

35. Shackshaft L, Van Hemelrijck M, Garmo H, Malmstrom H, Lambe M, Hammar
N, et al. Circulating gamma-glutamyl transferase and development of specific breast
cancer subtypes: findings from the Apolipoprotein Mortality Risk (AMORIS) cohort.
Breast Cancer Res. (2017) 19:22. doi: 10.1186/s13058-017-0816-7

36. Moreira AJ, Rodrigues GR, Bona S, Fratta LX, Weber GR, Picada JN, et al.
Ductular reaction, cytokeratin 7 positivity, and gamma-glutamyl transferase in
multistage hepatocarcinogenesis in rats. Protoplasma. (2017) 254:911–20.
doi: 10.1007/s00709-016-1000-0

37. Hu G, Tuomilehto J, Pukkala E, Hakulinen T, Antikainen R, Vartiainen E, et al.
Joint effects of coffee consumption and serum gamma-glutamyltransferase on the risk
of liver cancer. Hepatology. (2008) 48:129–36. doi: 10.1002/hep.v48:1

38. Fu SJ, Zhao Q, Ji F, Chen MG, Wu LW, Ren QQ, et al. Elevated preoperative
serum gamma-glutamyltranspeptidase predicts poor prognosis for hepatocellular
carcinoma after liver transplantation. Sci Rep. (2016) 6:28835. doi: 10.1038/srep28835

39. Zhang TT, Zhao XQ, Liu Z, Mao ZY, Bai L. Factors affecting the recurrence
and survival of hepatocellular carcinoma after hepatectomy: a retrospective study of
601 Chinese patients. Clin Transl Oncol. (2016) 18:831–40. doi: 10.1007/s12094-015-
1446-0

40. Yao DF, Dong ZZ. Hepatoma-related gamma-glutamyl transferase in laboratory or
clinical diagnosis of hepatocellular carcinoma.Hepatobiliary Pancreat Dis Int. (2007) 6:9–11.

41. Vlodavsky I, Ilan N, Nadir Y, Brenner B, Katz BZ, Naggi A, et al. Heparanase,
heparin and the coagulation system in cancer progression. Thromb Res. (2007) 120
Suppl 2:S112–120. doi: 10.1016/S0049-3848(07)70139-1

42. Rak J, Milsom C, May L, Klement P, Yu J. Tissue factor in cancer and
angiogenesis: the molecular link between genetic tumor progression, tumor
neovascularization, and cancer coagulopathy. Semin Thromb Hemost. (2006) 32:54–
70. doi: 10.1055/s-2006-933341

43. Francis JL, Biggerstaff J, Amirkhosravi A. Hemostasis and Malignancy. Semin
Thromb Hemost. (1998) 24:93–109. doi: 10.1055/s-2007-995829

44. Donati MB, Gambacorti-Passerini C, Casali B, Falanga A, Vannotti P, Fossati G,
et al. Cancer procoagulant in human tumor cells: evidence from melanoma patients.
Cancer Res. (1986) 46:6471–4.

45. Zwicker JI, Furie BC, Furie B. Cancer-associated thrombosis. Crit Rev Oncol
Hematol. (2007) 62:126–36. doi: 10.1016/j.critrevonc.2007.01.001
frontiersin.org

https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jhep.2022.08.021
https://doi.org/10.17998/jlc.2024.03.13
https://doi.org/10.1007/s12072-018-9919-1
https://doi.org/10.1016/S0140-6736(18)30010-2
https://doi.org/10.1159/000509424
https://doi.org/10.1053/jhep.2002.32089
https://doi.org/10.1097/SLA.0000000000000747
https://doi.org/10.1007/s00432-020-03331-6
https://doi.org/10.1016/j.cca.2016.10.006
https://doi.org/10.1007/s12072-007-9038-x
https://doi.org/10.1186/1471-2407-8-200
https://doi.org/10.1001/jamasurg.2016.3310
https://doi.org/10.1111/j.1572-0241.2006.00681.x
https://doi.org/10.1053/j.gastro.2009.10.031
https://doi.org/10.1016/j.jhep.2023.08.020
https://doi.org/10.1007/s11605-023-05624-w
https://doi.org/10.1007/s11605-023-05624-w
https://doi.org/10.1159/000366308
https://doi.org/10.1038/s41575-022-00620-y
https://doi.org/10.2147/JHC.S316223
https://doi.org/10.1002/cam4.6835
https://doi.org/10.2147/JHC.S393286
https://doi.org/10.1097/00006454-198711000-00016
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.1016/S1470-2045(14)71116-7
https://doi.org/10.3389/fonc.2023.1206345
https://doi.org/10.1002/cam4.2944
https://doi.org/10.1002/cam4.2944
https://doi.org/10.1016/S0140-6736(22)01200-4
https://doi.org/10.1136/gut.2004.048124
https://doi.org/10.1136/gut.2004.048124
https://doi.org/10.1016/j.jhep.2005.12.015
https://doi.org/10.1038/s41467-021-22560-y
https://doi.org/10.1245/s10434-020-08452-3
https://doi.org/10.2217/fon-2023-0137
https://doi.org/10.2217/fon-2023-0137
https://doi.org/10.1016/j.freeradbiomed.2010.09.006
https://doi.org/10.1186/s13058-017-0816-7
https://doi.org/10.1007/s00709-016-1000-0
https://doi.org/10.1002/hep.v48:1
https://doi.org/10.1038/srep28835
https://doi.org/10.1007/s12094-015-1446-0
https://doi.org/10.1007/s12094-015-1446-0
https://doi.org/10.1016/S0049-3848(07)70139-1
https://doi.org/10.1055/s-2006-933341
https://doi.org/10.1055/s-2007-995829
https://doi.org/10.1016/j.critrevonc.2007.01.001
https://doi.org/10.3389/fonc.2024.1414083
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Development and validation of a prognostic nomogram to predict the recurrence of AFP-negative and DCP-positive hepatocellular carcinoma after curative resection
	Introduction
	Patients and methods
	Patients
	Laboratory examination and clinicopathologic data
	Follow-up
	Statistical analysis

	Results
	Basic characteristics
	Independent prognostic factors for RFS
	Prognostic nomogram for RFS and the evaluation of the nomogram
	Analysis of the nomogram in the validation cohort
	Decision curve analysis
	Risk strata of nomogram

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	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


