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Abstract

Sorafenib is thus far the only systemic treatment for
hepatocellular carcinoma (HCC) based on the results of
two randomized controlled trials performed in Western
and in Eastern countries, despite a poor response
rate (from 2% to 3.3%) following conventional eva-
luation criteria. It is now recognized that the criteria
(European Association of the Study of the Liver criteria,
modified response evaluation criteria in solid tumors)
based on contrast enhanced techniques (computed
tomography scan, magnetic resonance imaging) aimed
to assess the evolution of the viable part of the tumor
(hypervascularized on arterial phase) are of major interest
to determine the efficacy of sorafenib and of most antian-
giogenic drugs in patients with HCC. The role of alpha-
fetoprotein serum levels remains unclear. In 2016, in
accordance with the SHARP and the Asia-Pacific trials,
sorafenib must be stopped when tolerance is poor
despite dose adaptation or in cases of radiological and
symptomatic progression. This approach will be different
in cases of available second-line therapy trials. Some
recent data (in renal cell carcinoma) revealed that despite
progression in patients who received sorafenib, this
drug can still decrease tumor progression compared
to drug cessation. Then, before deciding to continue
sorafenib post-progression or shift to another drug,
knowing other parameters of post-progression survival
(Child-Pugh class, Barcelona Clinic Liver Cancer, alpha-
fetoprotein, post-progression patterns in particular, the
development of extrahepatic metastases and of portal
vein thrombosis) will be of major importance.

Key words: Tumor evaluation; Response evaluation
criteria in solid tumors; Sorafenib; Hepatocellular
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carcinoma; Modified response evaluation criteria in
solid tumors
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Core tip: The response rate of sorafenib in hepato-
cellular carcinoma is low using standard parameters
and is better assessed using new criteria based on
tumor vascularization (European Association of the
Study of the Liver criteria, modified response evaluation
criteria in solid tumors). In case of minor progression,
if sorafenib is well tolerated, knowing the predictors of
post-progression survival will be of value in deciding
whether to continue or stop sorafenib.
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INTRODUCTION

In the majority of solid tumors, assessing the efficacy
or failure of a systemic treatment is based on the
tumor size, which is measured either bidimensionally
using the World Health Organization criteria (WHO)
criteria or unidimensionally using response evaluation
criteria in solid tumors (RECIST). The response rate is
used as a surrogate marker of drug efficacy in clinical
trials, and in clinical practice, the evolution of tumor
size is @ major parameter to decide whether to stop or
continue treatment. In a palliative setting, a treatment
is continued as long as the disease is controlled (stable
disease or response) and the regimen is tolerated. This
approach is less simple with targeted therapies. In
gastrointestinal stromal tumors, the efficacy of imatinib
was associated with modifications in tumor content and
not always with a decrease in tumor size. That finding
leads researchers to propose new response criteria'! not
only based on tumor size but also based on combining
size and density shown on computed tomography (CT)
scans. The efficacy of bevacizumab that is associated
with chemotherapy is also underestimated under the
standard criteria. In a large series, Chun et af*’ demon-
strated that CT scan-based morphologic criteria cor-
related better with the histological response than the
response by RECIST in patients with liver metastases of
colorectal cancer treated with bevacizumab-containing
chemotherapy. In hepatocellular carcinoma (HCC),
despite a low and disappointing response rate (2%)
using conventional criteria in a phase 1I trial”®, sorafenib
is thus far the only systemic treatment™** that has been
demonstrated to improve overall survival. In this era of
great expectations regarding new drugs, we would like
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to briefly review these response evaluation criteria used
in patients with HCC and the determination of when to
continue or stop sorafenib treatment.

CONVENTIONAL CRITERIA FOR
EVALUATING TUMOR RESPONSE: WHO
AND RECIST

The WHO criteria for defining a response to treatment
are based on bidimensionally measured lesions (i.e., the
product of the greatest tumor diameter and the greatest
perpendicular distance summed over all measured
tumors). The RECIST guidelines were published in 2000,
with the major change being that the RECIST 1.0 uses
unidimensional measurements of the sum of the longest
diameters of the tumors. All unmeasurable lesions are
considered to be “non-target” lesions, and lymph nodes
are not distinguished from extranodal lesions. Progression
is defined by an increase of at least 20% of the sum of
the longest diameter and the appearance of new lesions
or the progression of a non-target lesion. In 14 studies,
the application of the WHO criteria and RECIST to the
same patients with a large range of cancers has shown
similar results’®. A few years later, the RECIST 1.1 criteria
were published"’, which better defined the minimal
target size and reduced the number of allowed target
lesions to 2 per organ and to a total of 5. It was also
stated that a lymph node was considered as a target only
if the short axis was larger than 15 mm. Ascites, pleural
effusion, and lymph nodes from 10 mm to 14 mm on the
short axis were considered as non-measurable lesions.
Progression of non-target lesions was, by definition,
considered to be a sign of disease progression. In a
comparison of RECIST 1.0 with RECIST 1.1 in patients
with lung cancer treated by erlotinib, the latter group
demonstrated a slightly better performance™.

However, all these criteria were subject to failure in
HCC. Ascites or pleural effusions are usually related to
the underlying liver cirrhosis, lymph nodes are frequent
and may be large in the case of viral hepatitis, and
the appearance of non/malignant small liver nodules
is common. Moreover, most non-surgical treatments
target tumor vascularization (chemo-embolization, radio-
embolization, antiangiogenic drugs), and efficacy might
be poorly reflected by size only.

NEW CRITERIA SPECIFICALLY
DEDICATED TO HCC

Thus, new, more appropriate criteria were required
to assess treatment efficacy in patients with HCC.
European Association of the Study of the Liver (EASL)
criteria were introduced during the EASL conference in
Barcelona in 2000. They were based on bidimensional
WHO criteria and the targeting of viable tumors, which
were defined as those that showed contrast material-
enhancing areas in the arterial phase of a dynamic CT
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scan®. These criteria were later adapted to RECIST"?;

in addition to this new definition of target lesions, non-
target lesions were revisited, and new hepatic nodules
were considered as evidence of progression only if they
had typical imaging and a longest diameter of at least
10 mm. Cytopathological confirmation of the neopla-
stic nature of any effusion that appeared or worsened
was required. These new parameters, nhamed modified
RECIST (mRECIST), were considered to be a better tool
for assessing HCC tumors!'!, Several Japanese authors
proposed response evaluation criteria in cancer of the
liver (RECICL), based on the bidirectional measurement
of tumors showing arterial enhancement and considering
non-hypervascularized tumors™?. In a series of 156
patients receiving sorafenib for more than 30 d, response
rates and the evaluation of overall survival by mRECIST
and RECICL were similar. Recently, mRECIST was pro-
spectively validated™ in a phase 3 study (brivanib in
second-line treatment). In this study comparing 395
patients who progressed after sorafenib was administered
or were intolerant (brivanib to placebo; 2:1 ratio), tumor
assessment every 6 wk by contrast-enhanced CT or
magnetic resonance imaging was performed by a central
review using mRECIST. A partial response was achieved
in 8% of patients who received brivanib and 2% of
patients who received placebo; the median overall
survival was 16.4 mo for mRECIST responders and 8.3
mo for non-responders, and mRECIST evaluation had a
prognostic value in multiparametric analysis.

Another way to evaluate tumor vascularization is
contrast-enhanced ultrasound. In a short series of 19
patients (16 who received sorafenib and 3 who received
sunitinib), this technique seemed effective at distin-
guishing progressors from non-progressors at 1 mot™*.
In a prospective series of 37 patients treated with sora-
fenib and explored by contrast-enhanced ultrasound
before treatment and on days 7, 14 and 28, Sugimoto et
al™ found that this technique was not only predictive of
tumor response (tumor vascularization) but also of major
adverse events (liver parenchyma vascularization). Addi-
tional data are still necessary to validate these results.

The impact of alpha-fetoprotein (AFP) evaluation is
unclear. In a series of 72 patients who had an elevated
baseline AFP and were treated with different antian-
giogenic drugs (thalidomide, bevacizumab), a decline
of > 20% from the baseline AFP level within the first 4
wk (early AFP response) was associated with a higher
response rate and a longer PFS and OS"®., In contrast, in
patients who received brivanib''”, a longer survival rate
was not associated with either an early AFP response (i.e.,
a decrease by more than 20% from baseline within the
first 4 week) or an AFP response (i.e., an AFP decrease
by more than 50% from baseline). In a Japanese
retrospective study™®, the best way to assess prognosis
was a combination of mRECIST and AFP ratio (AFP under
treatment/AFP before treatment), but this ratio (< or > 1)
was only associated with survival at 8 wk.
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COMPARISON OF THESE RESPONSE
EVALUATION CRITERIA IN HCC CASES

After transarterial chemoembolization (TACE) and per-
cutaneous ablation in 55 patients, Forner et af*® demon-
strated that RECIST missed all complete responses
(including patients treated by curative options) and un-
derestimated the extent of tissue necrosis. The authors
concluded that RECIST should not be used and that dynamic
imaging techniques and evaluations must become the
standard for assessing treatment efficacy. In a series
of 143 patients with HCC who underwent TACE, a
comparison of various response criteria showed that
volumetric functional imaging is better correlated with
outcome than other parameters and that AFP serum
levels® and new 3D-imaging approaches are of great
value in differentiating the responders from the non-
responders to TACE®" and can be used early to predict
outcome after initial TACE. Shim et af*? compared WHO,
RECIST, EASL and mRECIST in a cohort of 332 patients
with intermediate HCC treated by TACE. They concluded
that the enhancement models (EASL guidelines and
mMRECIST) were the best independent predictors of overall
survival after chemoembolization. Similarly, the same
results were found in an English series of 83 patients’®.
Thus, measuring the viable part of the tumor seems to
be the best option after loco-regional treatment of HCC.
In the seminal SHARP™ and AP™ trials, the response
rates using RECIST were 2% and 3.3% for patients
who received sorafenib and 1% and 1.3% for those
who received placebo, respectively; however, the overall
survival analysis was clearly in favor of sorafenib, showing
a discrepancy between the response rate by RECIST
and outcome, with sorafenib efficacy being related to an
increase in the time to progression. Many retrospective
series have analyzed tumor responses using different
criteria for patients receiving sorafenib. Their common
features were that the evaluation of the viable part of the
tumor based on arterial enhancement provided better
results than the usual parameters and showed a real
response rate and, thus, should be used for assessing
treatment efficacy. Edeline et ai*", in a series of 53
patients, determined that 1 out of 10 patients considered
as PD by RECIST was scored as SD using mRECIST.
Forty-two patients evaluated as stable by RECIST were
reassessed as complete response in 1 case, partial
response in 10 cases, SD in 29 cases and PD in 2 cases
using mRECIST. Then, the objective response rate of
1.9% by RECIST increased to 22.6% with mRECIST. The
mMRECIST result was associated with outcome, as those
initially considered as SD by RECIST but as responders
(n = 11), stable (n = 29) or progressive (n = 2) by
mRECIST had different median overall survival rates of
17.1, 9.7 and 3.7 mo, respectively. However, there was
no difference between these two criteria regarding the
median time to progression. Another retrospective study™
compared RECIST 1.1 with vascularization-based criteria
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Table 1 Parameters of post-progression survival for patients
receiving sorafenib

Performance status
Child-Pugh class

BCLC class

CLIP score

Macroscopic venous invasion
AFP serum level

TTP on sorafenib

Pattern of progression

BCLC: Barcelona Clinic Liver Cancer staging classification; CLIP: Cancer
of the Liver Italian Program; AFP: Alpha-fetoprotein; TTP: Time to
progression.

(Choi criteria, EASL criteria, and mRECIST). The response
rates were 3%, 51%, 28% and 28%, respectively, in
a cohort of 64 patients treated using sorafenib. The
tumor response following RECIST 1.1 did not correlate
well with the overall survival rate, whereas other criteria
were more appropriate to identify responders with longer
survival rates. In two phase 1 trials (101 patients)
evaluating brivanib, an independent review compared the
outcomes between the WHO criteria and mRECIST!'”.
The response rates were higher with mRECIST vs WHO
in both cohorts, and PD assessed by mRECIST, was
associated with a poorer overall survival rate than when
assessed using the WHO criteria.

Thus, these vascularization-based criteria are better
than size-only criteria to categorize responders. However,
the essential problem exists: How do we define when
sorafenib treatment is no longer effective? Progression
can be related to an increase in tumor size (or of its
viable part) and also to the appearance of new liver
nodules (considering vascularization, size, and evolution),
effusion and ascites (cytology required), and lymph
nodes (size and vascularization). These parameters are
listed in a recent paper from the BCLC®®. However, is
progression a strict criterion to stop sorafenib treatment?

IN 2016, WHEN TO STOP SORAFENIB?

In the SHARP trial, treatment was continued until both
radiological and symptomatic progression or un-
acceptable toxicity occurred. In our experience, many
patients seem to clinically benefit from the drug despite
progression; in clinical practice, progression is not
always a clear indication to stop sorafenib, particularly
if there is no second-line trial available. In patients with
poor prognostic factors at progression (worsening of
performance status or of Child-Pugh status), cessation
of the drug is recommended. In contrast, if the patients
are candidates for second-line therapies, then inclusion
is the best option if available. In other cases, we can
postulate that sorafenib may retain some efficacy in
certain instances despite tumor progression and that
cessation of the drug might lead to an acceleration of
tumor growth. In metastatic renal cell cancer, some data
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DC Appropriate dosing
ce CT scan
Symptoms—»| or /BSC alone
ce MRI PD
>Sec0nd line trial
ce CT scan PD BSC alone
Follow-up —| or ?
ce MRI DC Continue sorafenib

Figure 1 Proposed algorithm for deciding to continue or stop sorafenib
in patients with hepatocellular carcinoma. ce CT scan: Contrast-enhanced
computed tomography scan; ce MRI: Contrast-enhanced magnetic resonance
imaging; DC: Disease controlled; PD: Progressive disease; BSC: Best supportive
care.

show that, at progression, the tumor growth rate is lower
than before initiation of the treatment using sorafenib
and lower than will be observed after cessation of the
drug. More interestingly, in renal cell carcinoma, this
persistent activity beyond progression with an apparent
flare-up effect after drug discontinuation of the drug was
observed only with sorafenib and not with everolimus®”.
Then, even after progression, this treatment can par-
ticipate in slowing down the disease. However, continuing
sorafenib treatment after progression can be of interest
only for patients who have a reasonable life expectancy
and an excellent tolerance of the drug. Analysis of
post-progression survival (Table 1) showed that, in
addition to performance status, Child-Pugh score, and
macrovascular invasion at progression, some other
parameters are valuable. These include AFP, time to
progression (correlation between time to progression
using sorafenib and post-progression survival)®®, and
pattern of progression®!. Post-progression survival is
significantly worse for patients who developed new
extrahepatic lesions compared to patients with intra- or
extra-hepatic growth or new intrahepatic lesions. These
data in a Spanish cohort were later confirmed in Asian
patients”**", Thus, continuing sorafenib is a possibility if
second-line trials are unavailable or if the patient cannot
be included. This is particularly relevant for patients who
had mild intrahepatic progression, who had a good PS
with no worsening in BCLC or the Child-Pugh scores, and
who had progressed very slowly (Figure 1).

CONCLUSION

Contrast-enhanced imaging techniques using mRECIST
criteria are the best objective approach to appreciate the
efficacy of vascularization targeting agents, particularly
sorafenib. The value of AFP serum levels is not clear
and not sufficient to impact therapeutic decisions. The
enrollment of progressing patients in second-line trials
is the best option. If this is not possible, then sorafenib
must be discontinued if patients have poor prognostic
factors or poor tolerance. In contrast, if patients do
not have worsening PS or Child-Pugh classification or
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if macrovascular invasion occurs, then sorafenib can
be pursued; however, we must consider the important
prognostic values of the progression pattern.
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