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Abstract

AIM: To explore the prognostic value in the monitoring
of treatment efficacy of serial o-fetoprotein (AFP) in
hepatocellular carcinoma (HCC) patients.

METHODS: We searched MEDLINE, EMBASE and CO-
CHRANE LIBRARY through April 21, 2012, to find quali-
fying articles. Our overall search strategy included terms
for HCC, AFP, treatment response, and prognosis. Lit-
erature was limited to English-language, human studies.
Studies reporting cumulative survival rates were summa-
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rized qualitatively. For the prognostic meta-analysis, we
undertook a series of meta-analyses that summarised
the Cox proportional hazard ratios (HRs) by assuming a
random effects model. With regards to the correlation
of AFP change with radiologic response, the categori-
cal dichotomous variables were assessed using Poisson
relative risks (RRs), which were incorporated into the
random effects model meta-analysis of accuracy predic-
tion. Between-study heterogeneity was estimated by use
of the /2 statistic. Publication bias was evaluated using
the Begg funnel plot and Egger plot. Sensitivity analyses
were conducted first by separating systemic treatment
estimates from locoregional therapy estimates, evaluat-
ing different AFP response cut-off point effects, and ex-
ploring the impact of different study sizes.

RESULTS: Of 142 titles identified in our original search,
11 articles (12 clinical studies) met our criteria. Six stud-
ies investigated outcome in a total of 464 cases who
underwent systemic treatment, and six studies investi-
gated outcome in a total of 510 patients who received
locoregional therapy. A random-effects model meta-
analysis showed that AFP response was associated with
an mortality HR of 0.55 (95%(CI, 0.47-0.65) across HCC
in overall survival (OS) and 0.50 (95%CI, 0.38-0.65) in
progression-free survival. Restricting analysis to the six
eligible analyses of systemic treatment, the pooled HRs
were 0.64 (95%CI, 0.53-0.77) for OS. Limiting analysis
to the six analyses of locoregional therapy, the pooled
HRs for OS was 0.39 (95%CI, 0.29-0.53). We showed
a larger pooled HR in the 50% definition studies (HR,
0.67, 95%CI, 0.55-0.83) compared with that from the
20% definition studies (HR, 0.41, 95%CI, 0.32-0.53).
Restricting analysis to the four studies including over
100 patients individually, the pooled HR was 0.65
(95%CI, 0.54-0.79), with a pooled HR for OS of 0.35
(95%CI, 0.23-0.46) in the studies of less than 100 pa-
tients. As to radiological imaging, 43.1% (155/360) of
the patients in the AFP response group presented with
a radiological overall response, while the response rate
decreased to 11.5% (36/313) in the patients from the
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AFP nonresponse group. The RR of having no overall
response was significantly lower in the AFP response
group than the AFP nonresponse group (RR, 0.67;
95%CI, 0.61-0.75). In terms of disease control rate,
86.9% (287/330) in the AFP response group and 51.0%
(153/300) in the AFP nonresponse group showed suc-
cessful disease control, respectively. The RR of disease
control failure, similarly, was significantly lower in the
AFP response group (RR, 0.37; 95%(CI, 0.23-0.58). But
these findings could be overestimates because of publi-
cation and reporting bias.

CONCLUSION: HCC patients presenting with an AFP
response are at decreased risk of mortality. In addi-
tion, patients with an AFP response also present with a
higher overall response rate and disease control rate.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer worldwide, and as a result of the spread of
hepatitis C virus and hepatitis B virus infection during
the past century, its incidence will further increase in the
future in both Asia and in western countries'?. Tran-
sarterial therapy, systemic agents, and radiofrequency
ablation remain as mainstays of treatment in advanced
Hcc, Conventionally, the treatment response of HCC
to systemic therapy or other nonsurgical treatment mo-
dalities is assessed by radiologic imaging using conven-
tional criteria, such as World Health Organization (WHO)
criteria or Response Evaluation Criteria in Solid Tu-
mors. However, despite successful clinical correlations
for other solid tumors, these radiological response-based
criteria have been criticized for not adequately reflecting
treatment response and tumor viability for HCC. It has
constantly been observed that a small subset of HCC
patients could derive benefits from treatment despite the
absence of radiologic response[w]. Thus, the sole use
of radiologic criteria has underestimated the efficacy of
novel treatment in early clinical trials and the search for
better, alternative ways of assessing treatment response
continues to be important.

(49

_gu;ﬁfm,@ WJG | www.wjgnet.com

Xu XS et a/. Highlights for a-fetoprotein

While imaging is being explored, widespread efforts
have been made to identify serological markers that pre-
dict survival and response to treatment' ", and among
which, serum q-fetoprotein (AFP) (a glycoprotein that
is expressed by HCC and secreted into the serum of
approximately 70% of patients with HCC) have been
widely studied""'?. In the half century after AFP was
first described, it was extensively studied as a screening
and diagnostic tool for Hcc™ Although there have
been some eatly observational studies that have suggest-
ed that AFP trend might be useful in assessing treatment
response, until recently, there has been no clinical study
to validate the significance of serial AFP monitoring in
association with the treatment response of HCC"', 1n
the past few years, several studies have investigated the
role of AFP response to treatment in HCC, which main-
ly focused on the overall survival (OS) and progression-
free survival (PES), and validated its correlation with ra-
diological response. However, estimates of the prognos-
tic value of the AFP response between studies differed
wildly. The aim of this analysis is to review published
studies that investigated the correlation between AFP
response and prognosis in HCC, and to use standard
meta-analysis techniques to summarise the accuracy of
AFP response in prediction of survival in HCC patients.

MATERIALS AND METHODS

Study identification

We searched MEDLINE, EMBASE, and COCHRANE
LIBRARY from inception to April 21, 2012, for articles
evaluating the AFP level and response to treatment on the
prognostic outcome in HCC patients. Our overall search
strategy included terms for HCC (e.g, hepatocellular car-
cinoma, liver carcinoma, liver cancer, liver malignant neo-
plasm), AFP (e.g., a-fetoprotein, alpha-fetoprotein, AFP),
treatment response (e.g, change, decline, response), and
prognosis (e.g,, mortality, survival, recurrence). Literature
was limited to English-language, human studies. We also
searched references of included articles. Only published
studies in peer-review journals were included. Data from
review articles, case reports, abstracts, and letters were not
included.

Study eligibility and selection

Studies were eligible if survival was analyzed in HCC
cases stratified by AFP response or not. To be included
in our meta-analysis, articles had to meet both of the fol-
lowing criteria: they reported a risk estimate [e.g., hazard
ratio (HR) or relative risk (RR) relating AFP response
to subsequent death using survival analysis regression
models], and they reported an estimate of precision, such
as a standard error or 95%CIL. We also included articles
that failed to report precision directly but from which we
could reconstruct an estimate of precision using P values
and other study data"”. Correlation of AFP change with
radiologic response was desirable, but it was not a must

(Table 1).
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A 0s PFS Overall Disease
uthor Year Country L. ) L. A L. ) L. A

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis response rate control rate
Chen et al™ 2005 China S S N/A N/A N/A N/A
Chan et al™ 2009 China S S N/A N/A P P
Riaz et al™ 2009  United States S S N/A N/A P P
Vora et al™ 2009  United States N/A NS N/A NS P P
Shao et al™ 2010 China N/A S N/A S P P
Kim et ™! 2011 South Korea S S S S P P
Yau et al™” 2011 China S S S S N/A N/A
Kao et al™ 2012 China N/A S N/A N/A N/A N/A
Lee et al™ 2012/H South Korea S S S NS P P
Lee et al™ 2012/C  South Korea S S S NS P P
Memon et al® 2012  United States S S N/A N/A C N/A
Personeni et al® 2012 Ttaly N/A S N/A N/A N/A N/A

2012/H: Hepatic arterial infusional chemotherapy study; 2012/C: Concurrent chemoradiation therapy study; S: Significant relationship between

o-fetoprotein (AFP) response and survival; NS: No significant relationship between AFP response and survival; N/A: Not available or not applicable; P:

Directly provided by the article; C: Need to be calculated by the data provided by the article; OS: Overall survival; PFS: Progression-free survival.

Data synthesis and statistical analysis

To avoid duplicate data, we identified articles that includ-
ed the same cohort of patients by reviewing inter-study
similarity in the country in which the study was done,
investigators in the study, source of patients, recruitment
period, and inclusion criteria. Harly studies published as
a series of articles from the same author or institution
that contained significant overlap of patient data were
excluded and only the most recently published study con-
taining the most up-to-date data was included. If several
estimates were reported in the same article, we chose the
most fully adjusted estimate (i.e., multivariate regression
was selected over univariate regression, which was se-
lected over unadjusted Kaplan-Meier analysis).

For the prognostic meta-analysis, we undertook a
series of meta-analysis that summarised the HRs by as-
suming a random effects model. With regards to the
correlation of AFP change with radiologic response, the
categorical dichotomous vatiables were assessed using the
RRs, which were incorporated into the random effects
model meta-analysis of accuracy prediction. Between-
study heterogeneity was estimated by use of the I* sta-
tistic; typically, values above 50% are deemed to suggest
large between-study heterogeneity, values below 50% are
deemed to represent low heterogeneity. Publication bias
was evaluated using the Begg funnel plot and Egger plot.
However, these estimates can have large uncertainty, es-
pecially in the presence of few trials, and should be inter-
preted with caution"”

Sensitivity analysis were conducted first by separating
systemic treatment estimates from locoregional therapy
estimates. Second, to evaluate AFP response cut-off
point effects, we calculated estimates for studies whose
AFP response was defined as 20% decline of the initial
level »s those with the AFP response definition of 50%
decline. Third, to explore the impact of study size, we
conducted sensitivity analyses by components which
included over 100 patients. Finally, we evaluated the in-
fluence of each study on the overall estimate by calculat-
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ing a pooled HR, omitting each estimate 1 at a time. All
analysis were conducted using Stata 12 (StataCorp, Col-
lege Station, Texas).

RESULTS
Eligible studies

Thirteen studies were identified that provided survival
data stratified by AFP response or not™ . Two studies
were excluded from further analysis: one was excluded
because it did not provide a definite AFP response cut-
off point, and extraction of survival data for the AFP
response cases and AFP nonresponse cases was not
possible, and another article, which was a letter to edi-
tor, was also excluded” . Hence a total of 11 articles
remained eligible for pooling risk estimates, reporting on
974 patients, of whom 463 had a positive AFP response.
The main characteristics and results of eligible studies
evaluating AFP response in HCC patients were sum-
matrised in Table 1.

Description of studies

Of the 11 eligible articles, all were based on retrospective
analysis of survival data with quite heterogeneity. Sample
sizes ranged from 42 to 149 patients with a median of
02 patients. Six eligible articles assessed survival in the
systemic treatment setting, with data from a total of 464
patients available for pooling (sample size range, 42 to 107
patients)™*"***** Tn the locoregional therapy setting, five
articles were eligible, including 6 individual clinical stud-
ies, resulting in a total of 510 patients available for pool-
ing (sample size range, 51 to 149 patients)™**". In one
of these studies, patients were treated in the locoregional
setting either by hepatic artery infusion chemotherapy, or
concurrent chemoradiation therapy””. In this study, it was
possible to assess estimators of survival in the two patient
cohorts separately, and each cohort was therefore con-
sidered separately for pooling purposes. In the systemic
treatment studies, all patients received systemic regimens
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No. of patients

Author Year Treatment HCC stage AFP change level (%) Study size M/F AFP response
(n = 974) (776/198) (n = 463)
Chen et al™ 2005 Sys/ thalidomide I-10 50 42 33/9 10 (23.8%)
Chan et al™ 2009 Sys/ doxorubicin or PIAF I-II 20 117 104/13 47 (40.2%)
Riaz et al®™ 2009  Loc/chemoembolization or radioembolization [-IV 50 125 91/34 81 (64.8%)
Vora et al® 2009 Sys/five systemic regimens I-10 50 107 78/29 18 (16.8%)
Shao et al™ 2010 Sys/ Antiantiogenic agents -1 20 72 65/7 12 (16.7%)
Kim et al™ 2011 Loc/chemoradiotherapy m-1v 50 149 127/22 101 (67.8%)
Yau et al™ 2011 Sys/ sorafenib I-Iv 20 41 36/5 9 (21.9%)
Kao et al™ 2012 Loc/radiofrequency ablation I-II 20 58 34/24 46 (79.3%)
Lee et al® 2012/H Loc/HAIC -1V 20 60 49/11 25 (41.7%)
Lee et al® 2012/C Loc/CCRT -V 20 67 55/12 52 (77.6%)
Memon et al™ 2012 Loc/ transarterialtherapy I-10 50 51 30/21 30 (58.8%)
Personeni et al®™ 2012 Sys/ sorafenib I-I0 20 85 74/11 32 (37.6%)

Sys: System treatment; Loc: Locoregional therapy; HAIC: Hepatic artery infusion chemotherapy; CCRT: Concurrent chemoradiation therapy. 2012/H:
HAIC study of Lee et al; 2012/ C: CCRT study of Lee et al; M/F: Male/female. HCC: Hepatocellular carcinoma; AFP: a-fetoprotein.

Overall survival Progression-free survival
HR 95%Cl Pvalue HR 95%CI P value
Chenetal™ 2005 024 010061 0003 - = =
Chanetal™ 2009 041> 027-0.63 0.0001 - = =
Riaz et al™ 2009 0377 0.13-1.01' 0.0002 - = =
Vora et al™ 2009 095" 0.73-1.23' 0.88  0.48> 015-145' 0.09
Shao et al™ 2010 036 0.15-0.83 0.017 0.31> 0.14-0.67 0.003
Kim et al™ 2011  0.43° 0.29-0.65 0.001 0.48 033-0.70 0.001
Yau et al™” 2011 0.3*  0.09-1.02 0.05 0.31> 013-076 0.01
Kao et al™ 2012 018" 0.02-1.67' 0.023 - = =
Lee et al™ 2012/H 0.43° 0.23-0.81 0.009 0.67° 0.35-127 0.22
Lee et al™ 2012/C 0.33° 0.15-0.75 0.008 0.97° 042225 0.97
Memon et al™ 2012 014> 0.02-0.83 0.03 = = =
Personeni et al™ 2012 0.52* 0.31-0.85 0.009 - = =

Author Year

'Calculated result from data presented in article; *Multivariate result; -:
Not performed; 2012/H: Hepatic arterial infusional chemotherapy study;
2012/C: Concurrent chemoradiation therapy study; HR: Hazard ratio;
AFP: a-fetoprotein.

(sorafenib, thalidomide, doxotubicin, ¢#.). In the locore-
gional therapy studies, chemotherapy and radiotherapy
wete used. Of all the included analysis, five defined AFP
response as a 50% decline from the initial level #2272
and another seven proposed a definition of 20% de-
cline®?**%%%% " Across the included studies that reported
the number of participants with AFP response, the overall
prevalence of AFP response was 47% (range, 17%-79%),
with a median sample size of 38 (range, 9 to 101). Follow-
up time varied widely across studies, with a median of
35.3 mo (range, 4 to 100 mo) (Table 2).

With regards to radiologic response, the evaluation
criteria were based on the WHO criteria. Complete re-
sponse (CR) was defined as the complete disappearance
of all known lesions on radiologic grounds. Partial re-
sponse (PR) was defined as a decrease of 50% or more
in the product of two perpendicular diameters of the
largest tumor nodule for at least 4 wk without the ap-
pearance of new lesions or progression of lesions. Sta-
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ble disease (SD) was defined as a less than 50% decrease
or not more than a 25% increase in the product of two
perpendicular diameters of the largest tumor nodule.
Progressive disease was defined as more than a 25%
increase in the product of two perpendicular diameters
for the largest tumor nodule or one of the measurable
lesions or as the appearance of new lesions. In view of
these indices, the overall response rate referred to the
total rate of CR and PR, whereas the disease control rate
was defined as the total rate of CR, PR and SD.

Relationship between AFP response and OS in HCC

Of the 12 clinical studies eligible for pooling of OS data,
9 provided estimates of the HR associated with AFP re-
sponse and its 950 CI***" #2025 1 the remaining stud-
ies, these data ]Zaoints were calculated from data presented
in the articles” . Table 3 details the results of survival
analyses performed ineligible studies'”, and Figure 1 dis-
plays a plot of HRs and associated 95%Cls for OS from
each study. AFP response was associated with a decrease
in all-cause mortality following HCC, with a pooled HR
for OS across all studies of 0.55 (95%CI, 0.47-0.65), and
with significant evidence of heterogeneity between the
contributing studies (I’ = 65%, P = 0.001). Evidence of
significant publication bias was observed according to
the funnel plot of InHRs, with smaller studies showing
significant effects'™,

Because the investigators’ approaches to adjustment
for confounding factors vatied widely by study and type
of treatment, we conducted a sensitivity analysis to con-
firm robustness. Restricting analysis to the six eligible
analysis in which patients received systemic treatment,
the pooled HR was 0.64 (95%CI, 0.53-0.77) (I’ = 77%,
P = 0.001) for OS***"***** Timiting analysis to the six
analysis in which patients under went locoregional thera-
py, the pooled HR for OS was 0.39 (95%CI, 0.29-0.53) (I
= 0%, P = 0.83)***" (Figure 1A).

To assess the effect of cut-off point of AFP response,
HRs were pooled from particular studies that defined AFP
response as either 50% decline of initial level #2272 o
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A Study % B Study %

D HR (95%CI)  Weight D HR (95%CI)  Weight
Systemic treatment § AFP response as 50%
Chen (2005) + 0.24 (0.10, 0.61)  3.13 Chen (2005) —=— 0.24 (0.10, 0.61)  3.13
Chan (2009) = 0.41 (0.27,0.63) 14.24 Riaz (2009) —— 0.37(0.13,1.01) 243
Vora (2009) | 0.95(0.73,1.23) 37.56 Vora (2009) —= 0.95(0.73, 1.23) 37.56
Shao (2010) — 0.36 (0.15,0.83)  3.49 Kim (2011) - 0.43 (0.29, 0.65) 15.70
Yau (2011) f 0.30 (0.09, 1.02)  1.73 Memon (2012) 0.14 (0.02,0.83) 0.74
Personeni (2012) + 0.52 (0.31, 0.85) 10.05 Subtotal (* = 80.5%, P = 0.000) 0.67 (0.55, 0.83) 59.56
Subtotal (/> = 76.7%, P = 0.001) O 0.64 (0.53,0.77) 70.21 AFP response as 20% §
Iocoregional therapy Chan (2009) —*-r 0.41 (0.27,0.63) 14.24
Riaz (2009) } 0.37 (0.13,1.01)  2.43 Shao (2010) — 0.36 (0.15,0.83)  3.49
Kim (2011) ——t 0.43 (0.29, 0.65) 15.70 Yau (2011) + 0.30 (0.09, 1.02) 1.73
Kao (2012) : 0.18 (0.02, 1.67)  0.52 Kao (2012) * ; 0.18 (0.02, 1.67)  0.52
Lee (2012/H) —— 0.43 (0.23,0.81)  6.45 Lee (2012/H) —=— 0.43 (0.23,0.81) 6.45
Lee (2012/C) — 0.33(0.15,0.75)  3.95 Lee (2012/C) + 0.33(0.15,0.75)  3.95
Memon (2012) : 0.14 (0.02, 0.83) 0.74 Personeni (2012) e 0.52 (0.31, 0.85) 10.05
Subtotal (2 = 0.0%, # = 0.832) <> 0.39 (0.29, 0.53) 29.79 Subtotal (2 = 0.0%, P = 0.918) <> 0.41 (0.32, 0.53) 40.44
Heterogeneity between groups: P = 0.0b6 Heterogeneity between groups: £ = 0.003
Overall (> = 64.6%, P = 0.001) & 0.55 (0.47, 0.65) 100.00 Overall (7 = 64.6%, P = 0.001) <> 0.55 (0.47, 0.65) 100.00

| N 1 1 L |
0.1 051 10 0.1 0.5 1 10

Reduce mortality Increase mortality

Reduce mortality Increase mortality

C Study %

ID HR (95%CI)  Weight
Study size less than 100 §
Chen (2005) —= 0.24 (0.10, 0.61)  3.13
Shao (2010) —— 0.36 (0.15, 0.83) 3.49
Yau (2011) —=—— 030(0.09,1.02) 173
Kao (2012) ; 0.18 (0.02, 1.67)  0.52
Lee (2012/H) B 0.43 (0.23, 0.81) 6.45
Lee (2012/C) —#— | 033(0.15075 3.95
Memon (2012) <« | 0.14(0.02,083) 074
Personeni (2012) . 0.52 (0.31, 0.85) 10.05
Subtotal (/> = 0.0%, P = 0.727) < 0.38 (0.29, 0.51) 30.06
Study size more than 100 §
Chan (2009) = 0.41(0.27,0.63) 14.24
Riaz (2009) — =+ 037(0.13,1.01) 243
Vora (2009) f—— 095 (0.73, 1.23) 37.56
Kim (2011) Eeon 0.43 (0.29, 0.65) 15.70
Subtotal (7% = 83.2%, P = 0.000) © | 0.65(0.54, 0.79) 69.94
Heterogeneity between groups: P = 0.0b3
Overall (1'2 = 64.6%, P = 0.001) & 0.55 (0.47, 0.65) 100.00

L L L
0.1 051 10

Reduce mortality Increase mortality

D Study %
1D HR (95%CT)  Weight
Vora (2009) L 04815145 533
Shao (2010) S 031(0.14,067) 11.18
Kim (2011) - 0.48 (0.3, 0.70) 48.47
Yau (2011) — 031(0.13,0.76) 879
Lee (2012/H) e 067(035,127) 1650
Lee (2012/C) 4007 (042,225) 973
Overall (7 = 13.7%, 7 = 0.327)<> 0.50 (0.38, 0.65) 100.00
L { L

0.1 05 1 10
Reduce mortality Increase mortality

Figure 1 Forest plots representing hazard ratios of overall survival and progression free survival in hepatocellular carcinoma patients associated with
o-fetoprotein response. A: Subgroup analysis according to systemic treatment and locoregional therapy; B: Subgroup analysis according to o-fetoprotein (AFP) re-
sponse definition of 20% decline of its initial level and 50% decline; C: Subgroup analysis according to study size larger than 100 patients and less than 100 patients; D:
Hazard ratios (HRs) of progression free survival in hepatocellular carcinoma patients associated with AFP response.

20% decline, respectively[20 . This demonstrated a

larger pooled HR in the 50% definition studies (HR, 0.67,
95%¢CI, 0.55-0.83) compared with that from the 20% defi-
nition studies (HR, 0.41, 95%CI, 0.32-0.53). In the 50%
group, there was significant evidence of study heteroge-
neity (I' = 81%, P < 0.001) (Figure 1B). This observed
increased HR of mortality in the 50% definition studies
contradicts our supposition that greater AFP response in
the patient would predict better overall survival.
Restricting analysis to the four studies including over
100 patients individually, the pooled HR was 0.65 (95%ClI,
0.54-0.79), again with evidence of study heterogeneity (I
= 83%, P = 0.003)*"***°*% The remaining eight studies
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included less than 100 patients individually, and the pooled
HR for OS was 0.35 (95%CIl, 0.23-0.46), with no evidence
of heterogeneity (I’= 0, P < 0.001)*"**"* (Figure 1C).

Finally, we excluded individual study estimates 1 at a
time to examine the influence of each study on the overall
HR. It turned out that heterogeneity was mainly from the
study by the Vora ¢ ai”” study, that only the omission of
this study appreciably changed the pooled HR, with the
HR decreasing to 0.40 (95%CI, 0.33-0.49) and eliminating
the heterogeneity across all studies (I’= 0, P = 0.91).

Relationship between AFP response and PFS in HCC
Only 6 of the 12 eligible analyses presented data evalu-
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Overall response rate (%)

Disease control rate (%)

Author Year . .
AFP responders AFP nonresponders RR AFP responders AFP nonresponders RR
Chen et al™ 2005 - - = - = =
Chan et al™ 2009 46.8 7.1 0.57 91.5 41.4 0.15
Riaz et al™ 2009 435 31.6 0.61 91.3 68.4 0.22
Vora et al® 2009 25.0 10.0 0.83 93.8 56.7 0.14
Shao et al™ 2010 33.0 8.0 0.73 83.0 35.0 0.26
Kim et al® 2011 445 125 0.63 87.1 58.3 0.50
Yau et al® 2011 = = = = . =
Kao et al™ 2012 = = > = > >
Lee et al® 2012/H 36.0 8.6 0.70 64.0 457 0.66
Lee et al® 2012/C 36.5 20.0 0.79 80.8 66.7 0.58
Memon et al®™ 2012 36.7 7.7 0.69 = - -

Personeni et al® 2012 5 . _

!Calculated result from data presented in article; 2012/ H: Hepatic arterial infusional chemotherapy study; 2012/C: Concur-
rent chemoradiation therapy study; -: Not performed; AFP: a-fetoprotein; RR: Relative risk.

A Study %
D RR (95%CI)  Weight
Chan (2009) — 0.57 (0.43,0.75) 13.80
Riaz (2009) — 0.61(0.46,0.82) 1231
Vora (2009) —————0.83(0.61,1.13) 1115
Shao (2010) S+ 073(048,1.09) 6.34
Kim (2011) — 0.63(0.52,0.78) 25.03
Lee (2012/H) ————— | 070(051,09) 1087

Lee (2012/C)
Memon (2012) ;
Overall (7 = 0.0%, P = 0.651)<__>

Note: Weights are from random effects analysi

——=—7— 0.79(0.57,1.10)  9.86
0.69 (0.50, 0.94) 10.64
0.67 (0.61, 0.75) 100.00

- &

S

B Study %
D RR (95%CI)  Weight

Chan (2009) + 0.15 (0.06, 0.38) 13.69

Riaz (2009) . 0.22 (0.07, 0.65) 11.52

Vora (2009) 0.14 (0.02, 1.01) 475

Shao (2010) 0.26 (0.07,0.92)  9.29
Kim (2011) m 0.50 (0.30, 0.82) 24.63
Lee (2012/H) ~ =l 066(0.36 121) 21.53
Lee (2012/C) — =1 0.58(0.23,1.43) 14.60

Overall (7 = 45.1%, P = 0.090) <> 0.37 (0.23, 0.58) 100.00

Note: Weights are from random effeﬁs arwalysis

1 1
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Il
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Figure 2 Forest plots representing the correlation between o-fetoprotein response and radiological response. A: Risks of no radiological response; B: Risks

of disease control failure. AFP: a-fetoprotein; RR: Relative risk.

able for assessment of PFS, and the pooled HR was 0.50
(95%CI, 0.38-0.65), with no obvious hetereogeneity (I =
13%, P = 0.33)****% This result should, however, be
interpreted with caution because of the small number of
contributing studies (Figure 1D).

AFP response in association with radiological response
Of the 12 eligible clinical studies, 8 provided data evaluable
for assessment of radiological overall response rate? )
and 7 reported on disease control rate™? A radio-
logical response summary is presented in Table 4. Over-
all, 43.1% (155/360) of the patients in the AFP response
group presented the radi logical overall response, while
the response rate declined to 11.5% (36/313) in the
patients from the AFP nonresponse group. The RR of
having no overall response rate (Figure 2A) was signifi-
cantly lower in the AFP response group than the AFP
nonresponse group (RR, 0.67; 95%CI, 0.61-0.75) with
no heterogeneity (P = 0.65, I'= 0%). In terms of disease
control rate, 86.9% (287/330) in the AFP response group
and 51.0% (153/300) in the AFP nonresponse group

(4 9
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showed successful disease control, respectively. The RR
of disease control failure, similatly, was significantly lower
in the AFP response group (RR, 0.37; 95%CI, 0.23-0.58)
(Figure 2B). No significant heterogeneity of studies was
found on these parameters (P = 0.09, I'= 45%).

DISCUSSION

Treatment response in HCC patients has been hetero-
geneous, with some patients showing impressive treat-
ment effects, but others showing limited or no evidence
of response[33’34]. The hypothesis that AFP response to
treatment is a determinant of prognosis in HCC is an
attractive mechanism for explaining any inter-individual
variation in clinical outcome"”. For patients with elevated
AFP at baseline, the AFP trend was shown to be static or
rising during the course of the disease, and a number of
patients with undetectable AFP at baseline were found
to have detectable and rising trends of AFP value upon
disease progressionm’m. For patients who underwent par-
tial hepatectomy, the AFP level fell rapidly and remark-
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ably after removal of tumors, but this rose at the time
of recurrence” . These findings suggested that AFP
response could be potentially useful in predicting survival
and the efficacy of treatment.

The present systematic review of the literature and
meta-analysis was done to assess the impact of AFP re-
sponse on HCC prognosis. Twelve eligible studies were
identified that investigated the relationship between AFP
response and prognosis in HCC. Strengths of the study
included a comprehensive, systematic review of the liter-
ature by a multidisciplinary team including specialists in
cancet, hepatology, and epidemiologic methods, thereby
avoiding selection bias on the basis of study quality.

Using these studies, pooled estimates of outcome
of HCCs expressing AFP were derived. Although our
results showed that estimates of the significance of AFP
response varied substantially between studies, these re-
sults support the notion that in the HCC patients who
underwent systemic treatment and locoregional therapy,
AFP response is predictive for better overall survival,
with a pooled HR of 0.55 (95%CI, 0.47-0.65). In the
HCC patients, AFP response had prognostic significance,
whether it was defined by 50% decline of its initial level
or 20% decline. This latter result, however, contradicted
our supposition that greater AFP response should be as-
sociated with better survival, which was probably due to
the individual differences from different clinical trials, and
the small number of contributing studies. AFP response
also seems to predict better PFS, with a pooled HR of
0.50 (95%CI, 0.38-0.65). However, this result should be
interpreted with caution considering the small number
of contributing studies. Our findings suggest that AFP
response has a strong correlation with radiological re-
sponse. When compared with the AFP nonresponse
group, there were significant trends toward higher overall
response rates (RR, 0.67; 95%CI, 0.61-0.75) and disease
control rates (RR, 0.37; 95%CI, 0.23-0.58) in the AFP
response group.

Although our results showed that HCCs express-
ing AFP response to treatment seem to be associated
with a better prognosis, one caveat to this conclusion is
publication bias, which is a major concern in all forms
of meta-analysis, as smaller studies showing no statisti-
cally significant effects are more likely to remain un-
pubhshed[39’40J. Indeed, it is not unusual for small, early
studies to report a positive relationship or large effect
that subsequent much larger studies fail to replicate. In
the present study, there was some evidence for publica-
tion bias in the AFP response, and the risks calculated in
our meta-analysis could be overestimates as a result of
publication and reporting bias". Furthermore, advanced
tumors were over-represented in the studies, given that
they constituted approximately 64% of all HCC.

Heterogeneity between studies may represent a further
potential source of bias in our analysis. The importance
of heterogeneity between studies on summary estimates
of HRs was carefully assessed. Although no attempt was
made in our meta-analysis to quality-score reports*
it is clear that the design of some studies is not optimal.

(4 9
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The larger study by Vora ez al” showed less of an effect
of AFP response on prognosis, probably due to the great
heterogeneity produced by the HCC patients selected
from the different clinical trials. Through sensitivity analy-
sis, we found that this study was the main source of the
heteregeneity in this meta-analysis, and after the exclusion
of this study, the HR estimate decreased to 0.40 (95%CI,
0.33-0.49), as did heterogeneity (= 0, P = 0.91).

Hete we describe substantial inconsistency of results
on the effectiveness of AFP response to predict survival
of HCC. The main factors we identified as responsible
for these findings are: long periods of patient recruit-
ment, which leads to heterogeneity within a study be-
cause treatment of HCC has evolved over the course of
the study; selection bias of patients because of different
treatment clinical trials included, suggesting that AFP
might be sensitive to some kinds of therapies but not
to others; and the absence of a uniform definition of
positive AFP response, leading to different results when
using different cut-off points. Moreover, variability in
the length of follow-up used to detect the events of in-
terest also hampers comparability between studies since
risk of survival is time-dependent. Inconsistency in the
inclusion of clinical and pathological factors predicting
survival mortality as covariables in multivariate analysis
could be an additional contributing factor"",

Notwithstanding this, the studies pooled in this meta-
analysis provide data on 974 HCC cases and support the
opinion that AFP response to treatment is a determinant
of prognosis in HCC. However, multicenter prospective
studies that are better designed, with assessors blinded to
the clinical data, and homogeneous HCC cohorts analyzed
prospectively, are required to unequivocally assess the
precise prognostic effect of AFP response in the HCC.
In addition, most studies have empirically defined a 50%
drop or 20% drop as an AFP response, while it has to be
validated critically in future prospective series.
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Background

Conventionally, the treatment response of hepatocellular carcinoma (HCC) to
systemic therapy or other nonsurgical treatment modalities is assessed by ra-
diologic imaging using conventional criteria, such as World Health Organization
criteria or Response Evaluation Criteria in Solid Tumors. However, despite suc-
cessful clinical correlations for other solid tumors, these radiological response-
based criteria have been criticized for not adequately reflecting treatment
response and tumor viability for HCC.

Research frontiers

In the half century after a-fetoprotein (AFP) was first described, it was exten-
sively studied as a screening and diagnostic tool for HCC. Although there have
been some early observational studies that suggested that AFP trend might be
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useful in assessing treatment response, until recently, there has been no clini-
cal study to validate the significance of serial AFP monitoring in association with
treatment response of HCC.

Innovations and breakthroughs

This is the first attempt to systemically review the prognostic value of AFP
response world wide. A total of 11 articles and 974 cases of HCC patients
were collected from the international literature and evaluated for clinical and
biochemical features such as AFP response. This study results revealed that
AFP response was associated with a decreased mortality across HCC in overall
survival and progression-free survival, respectively. As to radiological imaging,
when compared with the AFP nonresponse patients, there were significant
trends toward higher overall response rates and disease control rates in the
AFP response patients.

Applications

The study results suggest that the AFP is a potentially monitoring serum index
and the AFP response to treatment could be used for monitoring treatment ef-
ficacy and determining the prognosis of HCC patients. In addition, the results
demonstrate that AFP could also make up for the drawbacks of imaging and is
able to aid radiological tools in the monitoring of prognosis and treatment.

Terminology

AFP, which is a glycoprotein that is secreted into the serum of approximately
70% of patients with HCC, has potential values in monitoring of prognosis and
treatment for HCC. AFP response, that AFP level would reduce during treat-
ment of HCC patients, was defined as 20% or 50% decline of the initial level by
most studies.

Peer review

The authors provide results of a meta-analysis, with this manuscript, on level
changes of circulating AFP in HCC patients receiving local and systemic thera-
pies, and gave some reasonable comments and proposals for further validation
of the results from literature. The analysis is of importance for prognosis as-
sessment and evaluation of different therapies. A multi-center study is needed
for further confirmation.
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