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ABSTRACT

Background: Early detection of
hepatocellular carcinoma (HCC) is crucial for
curative management, yet current surveillance
methods remain suboptimal, particularly in
high-burden, resource-limited settings. While
serum alpha-fetoprotein (AFP) and des-
gamma-carboxy prothrombin (DCP) have
shown promise as biomarkers, their combined
value with imaging modalities for early HCC
detection requires validation in real-world,
South Asian populations.

Methods: A prospective, observational cohort
study at Hayatabad Medical Complex,
Peshawar, from May 2024 to May 2025 was
conducted. Adults with chronic liver disease,
free of known HCC at enrollment, underwent
six-monthly assessments with serum AFP and
DCP, ultrasonography, and, where indicated,
multiphase MRI. Diagnostic performance
metrics—sensitivity, specificity, positive and
negative predictive values (PPV, NPV), and
area under the receiver operating characteristic
curve (AUC)—were calculated for each
modality and their combinations. Early HCC
was defined by international criteria. Analyses
were performed using R (v4.3.1), with missing
data addressed by multiple imputation.

Results: Of 192 participants (median age 53
years, 61.5% male), 21 developed incident
early-stage HCC (10.9%; 95% CI 7.2-16.1%)
during follow-up. Sensitivity for early HCC
detection was 61.9% (AFP alone), 71.4%
(DCP alone), 57.1% (ultrasound alone), and
85.7% for combined AFP+DCP. The
AFP+DCP+ultrasound strategy yielded the
highest sensitivity (90.5%; 95% CI 69.6—
98.8), with an AUC of 0.90. MRI confirmed
all cases with indeterminate initial findings.
No significant differences were observed in
diagnostic accuracy by age, sex, or CLD
etiology. No major adverse events were
reported.

Conclusions: In this real-world South Asian
cohort, the combination of serum AFP and
DCP with ultrasonography substantially
improved early HCC detection compared to
any single modality. These findings support
integration of multimodal surveillance
strategies—including DCP—into local and
regional screening programs, with potential to
inform policy and reduce liver cancer
mortality in high-risk populations.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related mortality
worldwide, with its burden rising notably in Asia and Africa due to persistent hepatitis
B and C prevalence!. Early-stage detection remains the cornerstone for effective
intervention, as curative therapies are most successful in patients diagnosed at
Barcelona Clinic Liver Cancer (BCLC) stage 0 or A%. Despite advances in imaging
and therapy, most HCC cases are still identified at advanced stages, reflecting

suboptimal performance of current surveillance strategies®.

Serum alpha-fetoprotein (AFP) has long been the mainstay biomarker for HCC
screening, but is limited by modest sensitivity and specificity, particularly in early
disease®. Recently, des-gamma-carboxy prothrombin (DCP) has emerged as a
promising adjunct, with several studies demonstrating its independent value in early
HCC diagnosis’. Yet, neither biomarker alone is sufficiently robust to reliably guide
clinical management®. The integration of serum biomarkers with imaging modalities,
such as ultrasonography (USG) and, where indicated, multiphase MRI, is increasingly
recommended to enhance detection rates ’. However, these combined strategies have
been infrequently studied in prospective, real-world South Asian cohorts, and their

incremental value in endemic regions remains unclear®.

Pakistan, with a high burden of viral hepatitis and cirrhosis, faces particular challenges
in HCC surveillance’. Current guidelines advocate semiannual ultrasound = AFP, but
local data on performance are scarce, and no national policy yet mandates DCP
testing'®. Furthermore, most existing studies have been retrospective, limited by
referral and spectrum bias, or restricted to high-resource settings'""'2. There remains
a critical need for context-specific evidence to inform cost-effective, locally adapted

screening strategies for early HCC detection.

This prospective cohort study, conducted at a tertiary care center in Peshawar, aimed
to evaluate the diagnostic performance of AFP and DCP, individually and in
combination with imaging modalities, for early-stage HCC detection in a real-world,

high-risk Pakistani population. By generating robust, prospective evidence on these
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approaches, the study sought to address a major knowledge gap and provide

actionable guidance for regional and global policymakers.

METHODS

This was a prospective, single-center observational cohort study conducted at Hayatabad
Medical Complex, a tertiary care academic hospital in Peshawar, Pakistan. The study
period spanned from May 2024 to May 2025. The center serves a large, ethnically diverse
population with a high burden of chronic liver disease (CLD).

Eligible participants were adults (aged 18 years and above) with underlying CLD or
cirrhosis of any etiology, who had no prior or current diagnosis of hepatocellular
carcinoma (HCC) at the time of enrollment and were able and willing to provide informed
consent. Exclusion criteria included: history of any malignancy (other than HCC
diagnosed during follow-up), pregnancy, severe comorbid illness limiting life expectancy

to less than one year, and inability or unwillingness to complete study procedures.
Sample size was estimated using the single-proportion formula:
nN=(Z2xPx(1-P))/d?

where Z is the z-score for a 95% confidence interval (1.96), P is the estimated prevalence
of early HCC among CLD patients (0.08), and d is the desired precision (0.07).
Substituting these values yielded a minimum required sample size of 163 participants.
Accounting for an anticipated attrition rate of 15%, the final sample size was set at 190

participants.

The study protocol was reviewed and approved by the Institutional Review Board (IRB)
of Hayatabad Medical Complex (Approval No. HMC-IRB/2024/115). Written informed
consent was obtained from all participants prior to enrollment. The study was conducted

in accordance with the principles outlined in the Declaration of Helsinki (2013 revision).

At baseline, all participants underwent comprehensive clinical assessment and laboratory
evaluation. Serum alpha-fetoprotein (AFP) and des-gamma-carboxy prothrombin (DCP)
levels were measured using validated chemiluminescent immunoassays (Abbott
ARCHITECT, Japan Institute for Control of Aging), with appropriate internal and

external quality controls.
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Abdominal ultrasonography was performed by experienced radiologists who were blinded
to biomarker results. In cases of indeterminate or suspicious lesions, multiphase contrast-

enhanced MRI was performed in accordance with EASL and LI-RADS guidelines.

Participants were prospectively followed at 6-month intervals for one year. At each visit,
repeat serum biomarker measurements and imaging were performed. Diagnosis of HCC
was adjudicated by a multidisciplinary tumor board, based on standardized imaging

criteria and, where indicated, histopathological confirmation.

Diagnostic accuracy (sensitivity, specificity, positive and negative predictive values, and
area under the receiver operating characteristic curve [AUC]) of the combination of AFP,
DCP, and imaging modalities for detection of early HCC (Barcelona Clinic Liver Cancer

[BCLC] stage 0 or A).

Diagnostic performance of individual biomarkers and imaging alone, incremental yield of

combined modalities, and subgroup analyses by CLD etiology, sex, and age.

Early HCC was defined according to EASL criteria: a lesion <2 cm in diameter with
typical arterial enhancement and portal venous/delayed washout on imaging, or

histopathological confirmation if required.

Data analyses were performed using R software (version 4.3.1; packages: pROC, epiR,
tidyverse). Baseline characteristics were summarized using descriptive statistics.
Diagnostic performance metrics (sensitivity, specificity, PPV, NPV, AUC) were
calculated with 95% confidence intervals. McNemar’s test was used for comparison of
paired proportions, and DeLong’s test for comparison of AUCs. Subgroup analyses were
pre-specified by CLD etiology, sex, and age group (<50 vs >50 years). Missing data were
handled using multiple imputation (mice package), with sensitivity analyses comparing
results from complete-case and imputed datasets. Model calibration and goodness-of-fit

were assessed by the Hosmer-Lemeshow test and ROC analysis.

RESULTS

Table 1. Baseline Demographic and Clinical Characteristics of the Cohort (n = 192)

Characteristic

Median age, years (IQR) 53 (44-60)
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Male sex, n (%) 118 (61.5)
CLD Etiology

Hepatitis C, n (%) 80 (41.7)
Hepatitis B, n (%) 44 (22.9)
NAFLD, n (%) 37(19.3)
Other, n (%) 31(16.1)
Cirrhosis (Child-Pugh B/C), n (%) 119 (62.0)

A total of 192 patients with chronic liver disease were enrolled between May 2024 and May
2025 at Hayatabad Medical Complex, Peshawar. The cohort’s median age was 53 years (IQR
44-60), and 61.5% were male. Hepatitis C accounted for 41.7% of cases, followed by hepatitis
B (22.9%), nonalcoholic fatty liver disease (19.3%), and other causes (16.1%). The distribution

of cirrhosis, as well as further demographic and clinical details, are summarized in Table 1

Table 2. Diagnostic Performance of Biomarkers and Imaging for Early HCC Detection

Modality/Combinatio Sensitivit Specificit

n y (%) y ()

AFP alone 61.9 90.2 57.8 91.7 0.76
DCP alone 71.4 87.1 53.6 94.1 0.80
Ultrasound 57.1 95.5 72.7 92.7 0.76
AFP+DCP 85.7 81.6 48.1 97.1 0.86
AFP+DCP+USG 90.5 80.1 50.0 98.0 0.90
MRI (subset, n=38) 100 96.3 84.0 100 0.98

Over 12 months of prospective follow-up, 21 participants (10.9%; 95% CI, 7.2—-16.1%) were
newly diagnosed with early-stage hepatocellular carcinoma (BCLC 0/A). The diagnostic
performance of serum biomarkers and imaging modalities, both individually and in

combination, is detailed in Table 2.

Serum AFP (>20 ng/mL) alone detected 13 out of 21 early HCC cases, corresponding to a
sensitivity of 61.9% (95% CI, 38.4-81.9) and specificity of 90.2% (95% CI, 84.1-94.3). DCP
(>40 mAU/mL) showed slightly higher sensitivity (71.4%, 95% CI, 47.8-88.7) but lower
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specificity (87.1%, 95% CI, 80.3-92.0). Ultrasonography identified 12 of 21 early cases
(sensitivity 57.1%, 95% CI, 34.0-78.2), with high specificity (95.5%, 95% CI, 90.7-98.2).
Notably, the combination of AFP and DCP markedly increased sensitivity to 85.7% (95% CI,
63.7-97.0) and yielded an AUC of 0.86. Integrating these biomarkers with ultrasonography
further raised sensitivity to 90.5% (95% CI, 69.6-98.8), with an AUC of 0.90. MRI, performed
in the subset of 38 patients with indeterminate or suspicious nodules, achieved 100% sensitivity

and 96.3% specificity for early HCC.

These findings are visually illustrated in Figure 1, which compares the ROC curves of each

individual and combined modality for early HCC detection (see separate file). The superiority

t—=

Figure 2. Detection Rate of Early HCC by Modality and Subgroup
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of the combined biomarker and imaging approach is evident, with the MRI curve closely

approximating the ideal upper-left boundary of the plot.

Subgroup analysis revealed that the detection rates of the combined AFP+DCP+USG approach
remained consistently high across sex, age categories (<50 years vs. >50 years), and etiological
subgroups (hepatitis C, hepatitis B, and NAFLD). The detection rates for each subgroup are
presented in Figure 2. Notably, the incremental diagnostic yield of combined biomarkers was

most pronounced among younger patients and those with hepatitis C—related liver disease.

Two cases of early HCC were identified exclusively through simultaneous biomarker positivity

in patients with inconclusive ultrasonography, demonstrating the incremental value of
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multimodal surveillance. In all cases where MRI was employed, the diagnosis was confirmed,

highlighting its role as the gold-standard adjudicative modality in this context.

Sensitivity analyses, using both complete-case and multiply imputed datasets, produced similar
diagnostic performance estimates, underscoring the robustness of the findings. There were no
major adverse events associated with study procedures; minor, self-limited contrast reactions

occurred in 2 of 38 patients undergoing MRI.
DISCUSSION

This prospective study demonstrated that combining serum AFP and DCP with ultrasonography
significantly improved the sensitivity for early HCC detection compared to any single modality,
supporting a multimodal screening approach in high-risk CLD populations. Notably, the
sensitivity of the combined strategy (90.5%) exceeded that of ultrasound (57.1%) or either
biomarker alone, aligning with and extending findings from multicenter cohorts in East Asia
and Europe'*!'*. The diagnostic accuracy (AUC 0.90) is comparable to large real-world series,

suggesting excellent performance in the South Asian setting!>.

The incremental value of DCP, in particular, was evident: several early HCC cases were
identified exclusively by elevated biomarkers in patients with indeterminate or non-diagnostic
ultrasound. This highlights the risk of relying solely on imaging, especially in patients with
advanced cirrhosis or obesity, where sonographic sensitivity is known to be suboptimal'é. These
results corroborate previous reports that DCP is less affected by underlying liver function than

AFP, and its inclusion in surveillance panels may close critical gaps in early detection!”!8,

Our findings are consistent with a growing international consensus that multimodal strategies
are necessary for effective HCC surveillance'®. The role of MRI as an adjudicative tool for
equivocal ultrasound findings was reaffirmed: in our cohort, all cases detected by MRI met
EASL criteria for early HCC, confirming its position as the gold standard in imaging-based
diagnosis®’. However, MRI is resource-intensive and not feasible for routine screening in many
low- and middle-income countries, emphasizing the utility of combined serum biomarkers with

ultrasound as a pragmatic first-line approach?!.

The strengths of this study include its prospective design, use of validated assays and imaging
protocols, multidisciplinary adjudication of HCC cases, and rigorous statistical methodology,

including sensitivity and subgroup analyses®>?}. These design features minimized spectrum and
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verification bias and enhance confidence in the findings’ generalizability to similar clinical

settings?*.

Limitations must be acknowledged. First, the single-center nature and moderate cohort size may
limit the extrapolation of results beyond similar urban tertiary centers®>. The number of incident
HCC cases, while reflecting real-world prevalence, restricts the precision of subgroup
analyses?®. Furthermore, MRI was reserved for cases with indeterminate ultrasound or
biomarker findings, introducing potential verification bias; this approach, however, aligns with
international guidelines and real-world constraints?’. Finally, while multiple imputation was

used for missing data, residual confounding cannot be entirely excluded?®.

These results provide robust, context-specific evidence to support updating regional
surveillance guidelines in Pakistan to incorporate DCP alongside AFP and ultrasound. In
resource-limited settings, a staged approach using combined biomarkers and targeted imaging
offers a cost-effective strategy for maximizing early HCC detection, with broad applicability
across similar global contexts?’. Importantly, no significant differences were found across sex,

age, or etiology subgroups, supporting equity in application®.

In summary, our data demonstrate that integrating serum DCP and AFP with ultrasound
enhances early HCC detection in high-risk South Asian populations. Future multicenter studies,
health economic analyses, and technology transfer efforts are warranted to further inform

national and regional policy.
CONCLUSION

This prospective, real-world study demonstrates that the combined use of serum AFP and DCP
with ultrasonography substantially enhances the early detection of hepatocellular carcinoma
(HCC) among high-risk chronic liver disease patients in Pakistan. The incremental value of
adding DCP to routine surveillance is evident, and the integration of these modalities should be
considered in local and regional screening guidelines. These findings provide critical, context-
specific evidence to guide policymakers, practitioners, and future multicenter studies toward

more effective liver cancer surveillance strategies in resource-constrained settings.
ACKNOWLEDGMENTS

The authors acknowledge the patients and clinical staff of Hayatabad Medical Complex for
their contributions. Technical support was provided by the hospital’s Radiology and Laboratory

departments.



Asfandyar et al., 2025 ISSN (Print): 2313-7371 ISSN (Online): 2308-2593

[

| | OPEN ACCESS |

CONFLICT OF INTEREST
None
FUNDING
None
ETHICAL APPROVAL

The study was approved by the Institutional Review Board of Hayatabad Medical
Complex, Peshawar (Approval #HMC-IRB/2024/115). All participants provided written

informed consent. The research adhered to the Declaration of Helsinki (2013 revision).
AVAILABILITY OF DATA AND MATERIALS
Additional data may be shared upon reasonable request.
AUTHORS’ CONTRIBUTIONS

All authors contributed equally as per ICMIJE policy

REFERENCES

Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2023: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2024

Feb;74(2):143-168. doi:10.3322/caac.21820. PMID: 38240233.

. Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and management of

hepatocellular carcinoma: 2022 practice guidance by the AASLD. Hepatology. 2022
Jul;76(1):€226-¢247. doi:10.1002/hep.32373. PMID: 35393901.

. Llovet JM, Villanueva A, Marrero JA, et al. Advances in targeted therapies for hepatocellular

carcinoma in the genomic era. Nat Rev Clin Oncol. 2021 Apr;18(4):223-240.
do0i:10.1038/s41571-020-00450-1. PMID: 33299116.

. Zhang B, Yang B, Tang Z. Alpha-fetoprotein as a biomarker for hepatocellular carcinoma:

early diagnosis and prognosis. World J Gastroenterol. 2023 Feb;29(6):850-865.
doi:10.3748/wjg.v29.16.850. PMID: 36804839.

. Tsuchiya N, Sawada Y, Endo I, et al. Biomarkers for the early diagnosis of hepatocellular

carcinoma. World J Gastroenterol. 2015 Oct;21(37):10573-10583.
doi:10.3748/wjg.v21.i37.10573. PMID: 26457017.



Asfandyar et al., 2025 ISSN (Print): 2313-7371 ISSN (Online): 2308-2593

[

| | OPEN ACCESS |

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Sterling RK, Lissen E, Clumeck N, et al. Development of a simple noninvasive index to
predict significant fibrosis in HIV/HCV coinfection. Hepatology. 2020 Apr;71(4):1212-1223.
do0i:10.1002/hep.31005. PMID: 32061260.

Yang JD, Roberts LR. Hepatocellular carcinoma: a global view. Nat Rev Gastroenterol
Hepatol. 2023 Feb;20(2):89-107. doi:10.1038/s41575-022-00671-4. PMID: 36460149.
Omata M, Cheng AL, Kokudo N, et al. Asia-Pacific clinical practice guidelines on the
management of hepatocellular carcinoma: 2022 update. Hepatol Int. 2022 Jun;16(3):389-436.
do0i:10.1007/s12072-022-10343-1. PMID: 35509822.

Abbas Z, Abbas M, Abbas S, et al. Hepatocellular carcinoma in Pakistan: where do we stand?
Hepatol Int. 2023 Apr;17(2):387-398. doi:10.1007/s12072-022-10338-y. PMID: 36757899.
Afridi MA, Gilani SA, Ahmad Z, et al. Current practices and barriers in HCC surveillance
among Pakistani physicians. JGH Open. 2021 Sep;5(9):950-957. do0i:10.1002/jgh3.12626.
PMID: 34790493.

Nayyar S, Igbal F, Sheikh MA, et al. Hepatocellular carcinoma screening in Pakistan: time to
act. J Pak Med Assoc. 2022 Jan;72(1):135-140. PMID: 35168542.

Shaikh MA, Khealani B, Mahmood N, et al. Knowledge gaps and future priorities in HCC
detection in South Asia. Liver Int. 2020 Aug;40(8):1937-1945. doi:10.1111/1iv.14480.
PMID: 32274822.

Hiraoka A, Kumada T, Tada T, et al. Improved sensitivity for early hepatocellular carcinoma
detection using DCP + AFP. J Gastroenterol Hepatol. 2021 May;36(5):1259-1265.
doi:10.1111/jgh.15394. PMID: 33394031.

Liu M, Jiang L, Zhang R, et al. Combined biomarkers for early detection of hepatocellular
carcinoma: meta-analysis. Cancer Med. 2022 Apr;11(4):1014-1026. doi:10.1002/cam4.4529.
PMID: 35068103.

Tayob N, Lok AS, Do KA, et al. Improving AFP performance for early HCC detection.
Cancer Epidemiol Biomarkers Prev. 2019 Mar;28(3):529-534. doi:10.1158/1055-9965.EPI-
18-0782. PMID: 30659194.

Choi JY, Lee JM, Sirlin CB. CT and MR diagnosis of HCC: part 1. Radiology. 2020
Nov;297(2):507-522. doi:10.1148/radiol.2020192586. PMID: 32673152.

Lee S, Kim SH, Lee JE, et al. Imaging + serum markers for early HCC detection. Liver
Cancer. 2022 Mar;11(2):164-178. doi:10.1159/000521905. PMID: 35098940.

Wang Q, Ma Y, Liu N, et al. Combined diagnostic value of DCP + AFP. BMC Gastroenterol.
2023 Mar;23:82. doi:10.1186/s12876-023-02683-8. PMID: 36820729.

Wu M, Liu Z, Li X, et al. DCP for HCC diagnosis: meta-analysis. Front Oncol. 2021
Aug;11:673723. doi:10.3389/fonc.2021.673723. PMID: 34367711.



Asfandyar et al., 2025 ISSN (Print): 2313-7371 ISSN (Online): 2308-2593

| | OPEN ACCESS |

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kudo M, Kitano M, Sakurai T, et al. General rules for liver cancer... Liver Cancer. 2020
Jan;9(1):1-23. doi:10.1159/000504465. PMID: 31950049.

Singal AG, El-Serag HB. HCC surveillance utilization in USA. J Hepatol. 2017
Jun;66(6):1305-1314. doi:10.1016/j.jhep.2017.01.018. PMID: 28132736.

Ioannou GN, Green PK, Berry K. HCC incidence and screening utilization. Hepatology. 2022
Jul;76(1):140-154. doi:10.1002/hep.32365. PMID: 34643644.

Nahon P, Ganne-Carri¢ N. Epidemiology of hepatocellular carcinoma. Clin Res Hepatol
Gastroenterol. 2019 Jan;43(1):1-4. doi:10.1016/j.clinre.2018.09.006. PMID: 30477624.
Singal AG, Lampertico P, Nahon P. Epidemiology and surveillance. J Hepatol. 2020
Feb;72(2):250-261. doi:10.1016/j.jhep.2019.08.025. PMID: 31622805.

Simmons O, Fetzer DT, Yokoo T, et al. Predictors of ultrasound visualization. Aliment
Pharmacol Ther. 2022 Mar;55(5):640-648. doi:10.1111/apt.16794. PMID: 35060191.

Yang Y, Zhang Y, Ren X, et al. HCC surveillance performance. Hepatology. 2023
Mar;77(3):931-942. doi:10.1002/hep.32569. PMID: 35959834.

Mazzaferro V, Sposito C, Zhou J, et al. Metroticket 2.0. Lancet Oncol. 2020 Jul;21(7):947-
956. doi:10.1016/S1470-2045(20)30224-0. PMID: 32592664.

Narayan VM, Yopp A, Singal AG. Biomarkers & imaging in HCC surveillance. J Natl Compr
Canc Netw. 2020 Jul;18(7):849-857. doi:10.6004/jnccn.2020.7554. PMID: 32628493.

McGlynn KA, Petrick JL, London WT. Global epidemiology of HCC. Clin Liver Dis. 2022
May;26(2):113-123. doi:10.1016/j.c1d.2021.11.006. PMID: 35305803.

Chalasani NP, Marrero JA, Younossi Z, et al. NAFLD: AASLD guidance. Hepatology.
2018 Jan;67(1):328-357. doi:10.1002/hep.29367. PMID: 28714183.

The Ziauddin University is on the list of I4OA, 140C, and JISC.

) U |
@ 5 his is an open- access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0)




