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Abstract

Background and Aims—Alpha-fetoprotein (AFP) is a universally recognized tumor marker in
hepatocellular carcinoma (HCC). Its utility in assessing response to treatment remains
controversial. We sought to study the: a) correlation between AFP response and imaging response,
and b) ability of AFP, EASL and WHO response to predict survival outcomes in patients with
solitary HCC.

Methods—629 HCC patients were treated with transarterial locoregional therapies over an 11-
year period. To eliminate confounding factors, we included patients with single tumors, baseline
AFP>200 ng/mL, and no extrahepatic disease; this identified our study cohort of 51 patients. AFP
response was defined as >50% decrease from baseline; this was correlated to EASL and WHO
response criteria by Kappa agreement, Pearson correlation and receiver operating curves. Survival
analyses were performed by Landmark, risk-of-death and Mantel-Byar methodologies. None of
the patients received sorafenib.

Results—Three months post-treatment, AFP and EASL response correlated well (Kappa: 0.83;
Pearson: 0.84); the sensitivity, specificity, positive and negative predictive values of AFP in
predicting EASL response at 3 months were 96.6%, 85.7%, 92.3% and 93.3% respectively.
Correlation with WHO response was low. From the 3-month landmark, WHO, EASL and AFP
responders survived longer than nonresponders (P=0.006, 0.0001 and <0.0001 respectively). The
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risk of death was lower for EASL and AFP responders by both risk-of-death and Mantel-Byar
methodologies (P<0.05).

Conclusion—Response by AFP and EASL are predictors of survival outcome in patients with
solitary HCC. AFP correlates with imaging response assessment by EASL guidelines. Achieving
AFP response should be one of the therapeutic intents of locoregional therapies.

Keywords

transarterial chemoembolization; radioembolization; hepatocellular carcinoma; imaging response,
AFP response, correlation, survival

INTRODUCTION

The incidence of HCC is increasing;[1] it has tripled between 1975 and 2005.[2] Most
patients present at an advanced stage beyond curative therapies, with sorafenib prolonging
survival in advanced HCC.[3, 4] LRTs play a palliative role by inducing tumor necrosis,
delaying progression and improving survival.[5-14] Following HCC treatment, it is the
clinical standard of care to follow patients with CT/MR imaging. The utility of tumor
markers to assess response, such as AFP, remains controversial.

AFP is the only universally recognized tumor marker for hepatocellular carcinoma. It has
been investigated as a potential screening, diagnostic and a prognostic tool.[15-17] Several
studies have reported the capability of AFP response in prognosticating response to therapy
and survival outcomes. Riaz et al demonstrated that AFP response to LRTs can be used for
assessing tumor response, time-to-progression and overall survival.[18] Such studies have
also been reported with resection, chemotherapy and radiofrequency ablation.[19-21]

The observation of response to any treatment by imaging or AFP is time-dependent.[22]
Since treatment algorithms for HCC using LRTSs are based on staged sessions separated by
weeks/months, it is of interest to correlate these variables in a time-dependent fashion. Does
AFP response correlate with imaging response, or is it better able to predict survival than
imaging response? [10, 23] Establishing a correlation between AFP and imaging response
has the potential to help assess response in clinical scenarios where standard cross-sectional
imaging findings are equivocal.

Recently, 3 novel statistical methods were used to demonstrate the importance of imaging
response in HCC; the study concluded that tumor response was a potentially significant
surrogate of survival.[22] Given the well-known difficulties in assessing treatment response
in HCC (inter-observer subjectivity, scan thickness, variable enhancement, regenerative/
dysplastic nodules, perfusional abnormalities), we hypothesized that AFP response
(objective, no interobserver variability) may provide a simple, reproducible and potentially
less subjective method of response assessment.[10, 23] We performed a comprehensive
study addressing whether: a) AFP correlates with imaging response by WHO and EASL
methodologies, and b) if AFP response can predict improved survival.

METHODS

This study was compliant with the Health Insurance Portability and Accountability Act and
approved by the Northwestern University Institutional Review Board. Between 2000-2010,
629 HCC patients were treated with LRTs (%0Y: N=406; TACE: N=223); this constitutes the
source population. Patients were eligible for LRTs if they exhibited unresectable HCC and
bilirubin <3.0 mg/dL (discussed at weekly multidisciplinary HCC conference). To create the
study population for this specific analysis, we selected patients who: a) had solitary tumors,
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b) expressed baseline AFP >200 ng/mL and, c) did not have extrahepatic metastases (Figure
1: Flow chart). This minimized the number of patients with unknown confounding variables
and maximized the number of patients reaching the 3 and 6-month landmarks. This
methodology in HCC has recently been thoroughly described. [22, 24, 25] Furthermore,
given that LRTSs in multifocal HCC are performed as staged procedures, we eliminated
patients with multifocal and extrahepatic disease in order to exclude the effect of AFP
production by untreated disease and metastatic foci.[18] This resulted in the identification of
our study population comprised of 51 patients with solitary HCC, no metastases and AFP
>200 ng/mL. In such a cohort, survival becomes dependent on the HCC and background
cirrhosis. Survival outcomes were studied with respect to AFP and imaging response using
Landmark, risk-of-death and Mantel Byar methodologies.[22] 36 patients had died at the
time of data closure. 13 patients received liver transplantation; their survival was censored at
transplantation. In order to exclude the effect of transplantation on survival, a survival sub-
analysis was performed in non-transplanted patients.

Evaluation/Staging

All patients underwent pretreatment assessment consisting of history, laboratory and
imaging work-up. Diagnosis of HCC was made by following guidelines.[26] Baseline
staging was performed using CP, UNOS and BCLC classification systems.[26] Patients
were categorized as having portal hypertension if they exhibited varices, splenomegaly and/
or thrombocytopenia (defined as <100,000/uL).

Locoregional Therapies

Chemoembolization was performed using 30 mg mitomycin, 30 mg adriamycin and 100 mg
cisplatinum followed by embolization using 300-500 micron particles per previous reports.
[8] Radioembolization was performed using glass microspheres per previous methodology.
[27, 28]

Patient follow-up

Patients were followed using CT or MRI at scheduled 3 and 6 months as our standard of
care. The median number of treatment sessions per patient was 1 (1, 2 and 3 treatments in
32, 15 and 4 patients, respectively). None of the patients who received %0Y were retreated
with TACE or vice versa; no patient received sorafenib. Subsequent to initial LRT, 4
patients received RFA at 1, 1, 4 and 7 years, respectively. One patient underwent surgical
resection 1 year after treatment. These treatments did not affect response assessment at 3 and
6 months.

AFP and liver function testing coincided with the imaging scans (permitting time-dependant
correlation). Patients were scanned by MRI (our institutional standard) or CT (in case of
pacemakers, claustrophobia). For each patient, the imaging modality remained the same
throughout the study period. Our protocols MR and CT have been described.[22]

Methodology of Response Assessment

AFP response—All patients exhibited baseline AFP >200 ng/mL. The rationale for
selecting an AFP cut-off of 200 ng/mL includes: a) AFP>200 has been part of the AASLD
guidelines to diagnose HCC,[29] b) this cutoff has been reported in another analysis relating
AFP to response, TTP and survival,[18] c) it was deemed necessary to select a value of AFP
sufficiently high that in its presence, HCC was likely present and active but not too low that
the AFP level could be fluctuating as part of underlying cirrhosis, and d) a higher cut-off
would have reduced the analyzable patient population. Hence, we chose a cut-off of 200 to
achieve balance between study population and reasonable sensitivity/specificity of AFP. We
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defined >50% AFP decrease as AFP responders; patients with <50% reduction or any
increase were AFP nonresponders (Supplementary Table 1).[18] For assessment of
response, AFP levels were obtained at the same time-points as cross-sectional imaging (3, 6
months). We also performed a quantitative sub-analysis at 3-months post treatment, where
AFP response was defined as decreasing from >500 ng/mL to <500 ng/mL (Supplementary
Table 1). To investigate if the magnitude of AFP reduction was dependent on baseline AFP
level, the percentage reduction in AFP levels were analyzed at 3 and 6 months stratified by
baseline AFP level of 200-1000, 1000-3000 and >3000 ng/mL. Median AFP at baseline, 3
and 6 months were also studied.

Imaging Response—~Response status was assessed using WHO and EASL guidelines
(Supplementary Table 1) at 3 and 6 months using the index (biomarker) lesion concept.[3,
10, 30-32] Patients with CR or PR were categorized as responders; those with SD or PD
were categorized as nonresponders.[22] In order to report most conservatively, PVT did not
affect the assessment of response in the index lesion, only progression (Supplementary
Table 2). That is, a stable lesion by WHO/EASL with retracting/disappearing PVT
following treatment was reported as SD. On the other hand, a stable lesion by WHO/EASL
with progressing PVT following treatment was reported as PD.

Response assessment was performed by two board-certified radiologists expert in HCC (one
specialist in cross-sectional imaging, one interventional radiologist) with blinding to AFP
and survival outcomes. WHO/EASL response were correlated with survival. WHO (not
RECIST) guidelines were used since we have previously demonstrated the high inter-
method correlation between WHO/RECIST.[10] It is also the oncologic gold standard to
report tumor size in two (not one) dimensions. EASL methodology is the bidimensional
equivalent to the recently described mRECIST.[33]

Statistical Analyses

AFP-Imaging response correlation—For this study, imaging response was the gold
standard, AFP was the test variable. We performed statistical correlation of AFP and
imaging response using: 1) Kappa (k) agreement, 2) Pearson coefficient (r) and 3) Receiver
Operating Characteristics [to assess sensitivity, specificity, NPV, PPV for AFP response in
predicting imaging response-only at 3 months].[34, 35]

Survival analysis—Sherman previously commented on AFP-Imaging correlation, stating
that AFP response was only relevant if it correlated with survival outcomes better than the
imaging.[36] To overcome guarantee-time bias, we assessed survival of AFP responders vs.
nonresponders using 3 novel statistical tools.[24, 25, 37] These methods have been detailed
elsewhere.[22, 24, 25, 38]

i. Landmark Method: Survival is calculated from the landmark, thereby eliminating
patients with unfavorable biology. It decreases the probability of effects caused by unknown
confounding variables on survival. We selected the 3 and 6-month landmarks; these were
deemed clinically relevant.[24] Survival analysis was based on AFP and imaging (WHO/
EASL) response status at each landmark (Supplementary Table 1). Survival curves were
plotted by Kaplan-Meier and compared using the log-rank test.[39]

We performed two exploratory survival sub-analyses based on AFP response: 1) considering
quantitative AFP response (i.e. from >500 ng/mL pre-treatment to <500 ng/ mL post-
treatment); and 2) analyzing survival based on 50% AFP reduction after excluding patients
with PVT.

J Hepatol. Author manuscript; available in PMC 2013 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Memon et al.

RESULTS

Page 5

ii. Risk-of-Death: This method compares the death rate by AFP and imaging response
status in the 6 months following each landmark. The chi-square test was used to compare
death-rates.

iii. Mantel-Byar Method: [38] Detailed methodology is described elsewhere.[22] It
includes all patients from day 0 and treats response as a time-dependent covariate; all
patients enter the study in the *‘no-response’ state. With time, AFP or imaging responders
shift to ‘responder’ status; responders may ultimately progress and shift back to ‘non-
responder’ state. At every endpoint (death), the number of patients in each response category
(responder and nonresponder) is calculated, the risk-of-death is estimated for each response
category, and a cumulative risk-of-death is generated.[38] Since no accepted definition of
AFP progression exists, patients who AFP responders continued as ‘responders’ without
ever shifting to a ‘nonresponder’ state (even if AFP increased significantly). The statistical
significance is determined based on the difference in expected and actual deaths for
responders and nonresponders, thereby minimizing biases and comparing patients
dynamically by response status at multiple periods of time.

Uni/Multivariate analysis—Uni/multivariate analyses were performed using Cox
proportional hazards model at each landmark, investigating whether survival was affected
by imaging or AFP response status, liver function and disease stage (at the landmark).
Hazard ratio estimates were based on simultaneous analysis of all variables. P-values <0.05
on univariate analyses were corrected for multiple comparisons using Bonferroni
methodology.[40, 41] Variables included in univariate analysis were AFP, WHO and EASL
response status and bilirubin/albumin. AFP 200-1000 or >1000 ng/mL was included to
assess if higher baseline AFP influenced survival outcomes irrespective of imaging or AFP
response. Baseline tumor size and presence/absence of PVT were added to investigate the
effect of tumor characteristics on outcomes. Variables with P<0.25 (with Bonferroni
correction) on univariate analysis were included in the multivariate analysis. All analyses
were conducted using SAS 9.2 (SAS, Cary, NC). P<.05 was considered significant.

Baseline Characteristics

Table 1 describes the baseline characteristics. 28 (55%) were >65, 30 (59%) were male, and
48 (94%) were treatment naive. Eighteen patients were diagnosed by biopsy. Tumor grade
information was only available for 9 patients (well-differentiated: N=3, moderately
differentiated: N=2, poorly-differentiated: N=4). Baseline imaging, laboratory
characteristics and cancer stages are also summarized.

AFP-Imaging response correlation

Table 2 summarizes the correlation between AFP and imaging response by WHO and EASL
guidelines at 3 and 6 months. The highest Kappa agreement (k=0.83) and Pearson
correlation (r=0.84) were seen between AFP and EASL response at 3 months. The
sensitivity, specificity, positive and negative predictive values of AFP in predicting EASL
response at 3 months were 96.6%, 85.7%, 92.3% and 93.3% (Figure 2). Correlation between
AFP and EASL at 6 months was moderate (x=0.59, r=0.59). Correlation between AFP and
WHO response was low. The sensitivity of AFP at detecting EASL and WHO response was
moderate-high; however, specificity fluctuated between time points (high for EASL at 3
months and moderate at 6 months, low for WHO).
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Pattern of AFP reduction

The pattern of AFP reduction is summarized in Supplementary Tables 2 and 3. Median AFP
level at baseline, 3 and 6 months was 1360, 145 and 52 ng/mL, respectively. At 3 and 6
months, 47% and 74% of patients exhibited >90% reduction in AFP levels. The finding of
>90% AFP reduction was relatively uniform when stratified by baseline AFP of 200-1000,
1000-3000 and >3000 ng/mL. Thus, there was no significant heterogeneity in AFP response
when stratified by baseline AFP. (Supplementary Table 2).

Survival Analyses (Table 3)

i. Landmark Method—From the 3-month landmark, median survival for responders and
nonresponders was: WHO [NC and 9.3 months (P=0.006)]; EASL [27.6 and 4.0 months
(P=0.0001)] and AFP [27.6 and 2.6 months (P<0.0001)]. From the 6-month landmark,
median survival for responders and nonresponders was: WHO [NC and 12.7 months
(P=0.34)]; EASL [24.6 and 10.8 months (P=0.353)] and AFP [24.6 and 5.6 months
(P=0.044)].

Exploratory survival analysis (Supplementary Table 4) at 3-month landmark revealed the
following: 1) patients achieving quantitative AFP response (i.e. AFP<500 ng/mL) survived
longer than nonresponders (29.4 and 6.8 months, P=0.003); 2) survival sub-analysis
excluding patients with PVT also suggested that AFP responders (>50% reduction) survived
longer than nonresponders (27.6 and 4.0 months, P=0.0003)

ii. Risk-of-Death—From the 3-month landmark, the death rate in responders and
nonresponders was: WHO [0% and 32% (P=0.06)]; EASL [7% and 57% (P=0.001)] and
AFP [7% and 61% (P=0.0004)]. From the 6-month landmark, the death rate in responders
and nonresponders was: WHO [20% and 23% (P=0.73)], EASL [17% and 40% (P=0.612)]
and AFP [16% and 51% (P=0.4)].

iii. Mantel-Byar Method—By Mantel-Byar, survival outcomes favored EASL (P=0.002)
and AFP response (P=0.0009) over WHO (P=0.177), confirming the association of EASL
and AFP response with survival.

Analyses i, ii, and iii when repeated excluding transplanted patients demonstrated consistent
results (Table 3).

Uni/Multivariate analyses (Table 4)

At the 3-month landmark, univariate analysis confirmed the following as independent
prognosticators of survival: WHO response (P=0.006, HR:0.10, CI:0.04-0.27), EASL
response (P=0.0001, HR:0.18, CI:0.06-0.50), and AFP response (P<0.0001, HR:0.16, CI:
0.05-0.52); multivariate analysis confirmed only AFP response (P=0.03, HR:0.14, CI:
0.02-0.83) and bhilirubin <1.2 mg/dL (P=0.01, HR: 0.2, CI:0.06-0.72) as independent
prognosticators of survival. Since no variable attained significance on univariate analysis, no
multivariate analysis was performed at the 6-month landmark.

Effect of tumor size/liver function on response/survival

Supplementary Table 5 illustrates that responders and nonresponders were comparable by
their baseline tumor size and liver function at each landmark. Baseline tumor size did not
affect survival on univariate analysis (Table 4).
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DISCUSSION

HCC patients usually present beyond potentially curative options.[42] In this scenario,
systemic agents and LRTs have an established palliative role.[3, 4, 7, 8, 12, 26]
Consequently, response assessment following LRTSs has also been extensively studied in
order to develop appropriate guidelines for accurate response monitoring.[10, 26, 33]. AFP
may play a potential role in this scenario, where, combined with imaging, it may improve
the ability to assess treatment response and consequently, directly impact clinical care and
future therapy.[10]

Radiological response has been established to correlate with pathological response (gold
standard).[23, 43, 44] The purpose of this study was to analyze if AFP response correlates
with imaging response. If a correlation can be demonstrated, the potential advantages of
AFP assessment in patient follow-up become apparent: 1) AFP response is a test that may
reduce the cost burden of repeat imaging scans; 2) high-quality imaging scans are not
readily available in developing countries (where HCC is potentially the most relevant health
crisis), limiting its universal role; 3) difficulties persist in assessing response and progression
in cirrhotic livers (infiltrative tumors, dyplastic nodules vs early HCC); 4) patients
responding by one guideline (e.g. EASL) may not respond by another (e.g. WHO) and, 5)
controversies persist in the optimal response assessment tool. Therefore, it is critical to
establish response algorithms that incorporate multiple variables and parallel clinical
practice, including AFP.

AFP-imaging response correlation was performed at multiple time-points by 3 separate
statistical methods. Our findings suggest that AFP has a strong correlation with EASL
response at 3 months and maintains a moderate correlation at 6 months. Translated
clinically, AFP responders have a high likelihood of exhibiting EASL response; AFP
nonresponders don't exhibit EASL response. The sensitivity of AFP in detecting imaging
response by both EASL and WHO is moderate to high; when there is imaging response,
AFP is likely to detect it. The specificity for detecting the absence of EASL response at 3-
months (85.7) and moderate at 6-months (60); however, specificity was low for detecting the
absence of WHO response, where size (rather than necrosis) is taken into consideration. This
leads to the question of whether achieving imaging response is necessary, or if AFP
response is sufficient from an overall survival standpoint. Studies have shown that patients
may experience symptomatic improvement and pathological remission despite the absence
of imaging response.[45] This question was investigated by our AFP response-survival
analysis.

AFP response was shown to be a strong predictor of survival outcomes, with better
consistency than WHO or EASL response. As demonstrated by 3 statistical tools, AFP
responders seem to survive much longer than nonresponders; this was consistent after
excluding transplanted and PVT patients. Supplementary Table 4 also demonstrates that not
only the percentage reduction, a quantitative reduction in AFP (i.e. from >500 ng/mL to
<500 ng/mL) is also a prognosticator of better survival outcomes. Although a 500 ng/mL
cut-off was chosen arbitrarily, it has been reported that pre-transplant AFP level <500 ng/
mL leads to lower transplant dropout compared to >500 ng/mL.[46]

Multivariate analysis reinforced this concept where AFP response was noted to predict
longer survival independent of EASL and WHO response. Longer survival for AFP
responders was also found to be independent of baseline tumor size and liver function
(Supplementary Table 5). Potentially, AFP responders survive longer than nonresponders
since AFP is more reflective of overall subclinical disease than imaging. At 6 months, AFP-
imaging correlation was lower than 3 months. Moreover, although survival for responders at
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6 months landmark is longer than nonresponders, it was not found to be significant. This is
likely explained by extrahepatic progression/multifocality that developed at the 6 month
landmark confounding any correlation, suggesting that AFP-imaging-survival correlations
are best studied at the 3-month landmark.

The median times-to-response were: WHO: 5.9 months; EASL; 1.2 months and AFP: 1.2
months. This shows that patients exhibit AFP/EASL response earlier than WHO, supporting
their role in early response assessment.

This analysis studied AFP-imaging response in a time-dependent fashion, with 2 time-points
and 3 robust methodologies. The 2 landmarks predicted survival outcomes after exclusion of
patients with aggressive tumor biology and underlying liver disease. On the other hand, the
Mantel-Byar method included all patients from day 0 and calculated the risk-of-death at
multiple time-points based on respective response status, confirming longer survival for
EASL and AFP responders. WHO response did not demonstrate survival benefit by Mantel-
Byar, potentially explained by the lower number of patients reaching WHO response
endpoints (compared with EASL). Alternatively, these results may imply that necrosis and
AFP reduction is a superior indicator of tumor response than size decrease, and indirect
measure of the regenerative capacity of cirrhotic livers. Finally, we observed that the
magnitude of AFP reduction was relatively uniform when stratified by baseline AFP.

Strengths/Limitations

There are strengths to this analysis. First, this is a novel study where AFP and imaging
response were correlated at multiple time-points in a time-dependent manner. Second,
Landmark/Mantel-Byer methods corrected for responder versus nonresponder guarantee-
time bias, enabling a biologic “test-of-time” minimizing unknown confounders. Multiple
statistical methods converging to the same conclusion (as in this study) lend strength to the
conclusions presented.[47] Third, the statistical methods included adjusted P-values;
conclusions were drawn following adjustment, permitting cautious interpretation.[40, 41]
Finally, imaging was recognized as the gold standard; AFP correlative analyses were based
on imaging as the reference standard.[36] There are limitations. First, the limited size of the
study is recognized. Highly conservative selection criteria were deemed essential to
minimize variables that would confound AFP levels (multiple lesions, extrahepatic
metastases) and permit AFP-producing single lesion imaging-AFP-survival analyses.
Second, given the absence of accepted definitions of AFP progression, this could not be
incorporated in our analysis. Third, the small sample size prevented TACE/?0Y subset
analyses; these findings may be equally applicable to TACE or 20Y treated solitary HCCs.
Fourth, this study only establishes individual (not trial) level association; since trial level
association would require RCTs to establish AFP response as a surrogate of the true
endpoint (survival), these findings should be considered hypothesis-generating. Fifth, only
30% of patients are AFP producers, and these levels may fluctuate because of underlying
liver disease; this may impact AFP response assessment. Sixth, we do recognize that as time
goes on, solitary HCCs progress and AFP becomes confounded by multifocality/
extrahepatic disease. However, our study does suggest that AFP and imaging do correlate
strongly, most evident at the 3-month landmark. Finally, we cannot conclude that AFP
response directly causes longer survival. Rather, AFP response as a biomarker likely
identifies patients with unknown characteristics that favor longer survival.[24, 25]

CONCLUSION

This study investigates AFP response in a time-dependent fashion. AFP response assessment
is simple, reproducible, operator independent and is highly sensitive for detecting radiologic
response. Response by AFP and EASL predicts improved survival. Consideration should be
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made to develop HCC treatments that not only prolong TTP, but also elicit AFP and tumor
response.[22] Future research should focus on incorporating AFP in response assessment

methodologies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Study flow chart
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Figure 2.
ROC curve at 3 months between AFP and EASL response

Abbreviations: AFP: Alpha-fetoprotein; EASL: European Association for the Study of the

Liver; ROC: Receiver Operating Characteristics
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Table 2

Correlation and receiver operating characteristics between AFP and radiological tumor response by WHO and
EASL guidelines

3 months 6 months
WHO | EASL | WHO | EASL
N 43 43 23 23
Kappa agreement 0.20 0.83 0.11 0.59
Pearson Correlation 0.29 0.84 0.17 0.59
Sensitivity 91.7 96.6 90 94.4
Specificity 387 | 857 | 231 60
Negative Predictive Value | 92.3 923 75 75
Positive Predictive Value 36.7 93.3 47.4 89.5

Abbreviations: AFP: Alpha-fetoprotein; EASL: European Association for the Study of the Liver; WHO: World Health Organization
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