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Bevacizumab as first-line treatment of ovarian cancer:
strengths and weaknesses of subgroup analyses
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Abstract

Bevacizumab is approved as first-line treatment for ovarian cancer, in combination with carboplatin-paclitaxel,
in patients with FIGO lllb or IV disease, and as maintenance therapy. The results of subgroup analyses of data
from the ICON7 study have resulted in bevacizumab use being restricted to “high-risk” patients in several
countries. While a goal of obtaining as much information as possible from clinical trial data is understandable,
there are also a number of limitations associated with subgroup analyses. Interpretation can be limited by

the multiplicity of statistical tests (increasing the risk of false positive findings) and by low statistical power
(increasing the chance of false negative results). In addition, the credibility of subgroup analyses is improved

if they are restricted to the primary study outcome and limited to a small number of predefined patient
subgroups. Overall, subgroup findings should be considered exploratory and hypothesis-generating. The
subgroup analysis in ICON7 had a number of limitations, including post hoc definition of “high-" and "“low-
risk” groups, and questionable applicability of these definitions to clinical practice. Use of residual disease as a
determinant of risk status is also problematic. Excessive emphasis on the role of subgroup analyses may lead to
misunderstanding of the true results generated by the overall trial data, and support the incorrect selection of
patients to be treated with the new or experimental therapy. Caution should be used in translating results of

subgroup analysis to clinical practice guidelines.
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Bevacizumab is approved as first-line treatment of ovar-
ian cancer, given concurrently with carboplatin-paclitaxel
and continued as maintenance. Approval was based on the
results of the GOG218 randomized trial, that enrolled only
patients with incompletely resected stage III or stage [V
disease [1]. Bevacizumab has been approved by the Euro-
pean Medicines Agency (EMA) without any restriction in
terms of baseline patient characteristics, with the exception
of disease stage, because approved was granted only for
FIGO IlIbto IV patients. In contrastto GOG218, the ICON7
trial investigated the efficacy of adding bevacizumab
to standard chemotherapy in a population that included
both patients with high-risk early stage disease and those
with more advanced disease. As a result, ICON7 included
a subgroup of patients with an absence of residual disease
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after surgery. The primary endpoint of the ICONT7 trial, as
in GOG218, was progression-free survival (PFS), and the
intention-to-treat (ITT) analysis demonstrated a signifi-
cant PFS prolongation in favor of bevacizumab. Overall
survival (OS), a secondary endpoint, was not significantly
prolonged in the overall study population [2]. However,
the authors have also published subgroup analyses, show-
ing that OS benefit was evident only in the subgroup of
“high-risk™ patients (defined as those not operated on or
with residual disease of >1 cm after primary surgery, or
those with stage IV disease) [2]. In several countries, these
subgroup analysis results have affected clinical practice,
and resulted in the use of bevacizumab being limited to
“high-risk” patients. The aim of this paper is to underline
the potential usefulness, but also the limitations, of these
kinds of subgroup analyses.

It is quite reasonable that investigators and sponsors want
to gain as much useful information as possible from clini-
cal trial data. Regulatory agencies also are keen to know
whether there are subgroups of trial participants who are
more likely to benefit from the intervention under inves-
tigation. Several surveys of trials published in leading
journals have consistently found that most publications of
clinical study results include subgroup analyses [3-5].

The interpretation of subgroup analyses from a random-
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ized trial is limited by the multiplicity of statistical tests
(increasing the risk of false positive findings) and by low
statistical power (increasing the chance of false negative
results). Therefore, there is a gap between the reasonable
desire to identify heterogeneity in the efficacy of trial in-
terventions in different patient groups and the technical
capacity to produce reliable results when exploring sub-
groups. It has been identified that the reporting of subgroup
analyses of clinical trials is characterized by suboptimal
quality and methodological pitfalls [3, 5, 6].

Investigators should be cautious when undertaking sub-
group analyses. As a general rule, subgroup findings
should be exploratory and hypothesis-generating, in order
to produce evidence that warrants confirmation in further
prospective trials. Consistent with this approach, the re-
sults of subgroup analyses should only influence the con-
clusion of the overall trial when a clear interaction between
the absence or presence of treatment efficacy and a specific
patient characteristic is evident.

The credibility of subgroup analyses is improved if confined
to the primary outcome and to a few predefined subgroups
selected based on biologically-plausible hypotheses. Inves-
tigators should recognize that their trial is not large enough
to detect realistic subgroup effects, and be particularly wary
of claiming a treatment difference in a subgroup when the
overall treatment comparison is not statistically significant.
Such subgroup rescues of globally negative trials should be
methodologically discouraged [7].

Statistical tests of interaction should be used to assess
the presence of heterogeneity in treatment efficacy for
different subgroups, rather than making comparisons be-
tween study treatments within each specific subgroup,
which is prone to producing inappropriate claims both in
terms of false negative and false positive results [8, 9].
Unfortunately, if the study of interaction was not among
the original trial endpoints, analysis of interaction will
often be characterized by a low statistical power. How-
ever, this could be considered and discussed in the study
conclusions only if the statistical test of interaction
supports a differential effect among subgroups. Even
in that case, however, emphasis and claims will de-
pend on many factors, including biological plausibility,
the number of subgroup analyses performed, their pre-
specification and pre-planning in study protocol, and the
statistical strength of evidence. How does the acknowledg-
ment of these limitations apply to the correct interpretation
of subgroup analyses performed in ICON7?

Ideally, for the reasons described above, subgroups analy-
ses should be defined before starting the trial and should be
limited to a small number of clinically important questions.
In ICON7, the subgroup analysis was not planned at time
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of trial design, and the “high-" and “low-risk” subgroups
were identified later, after the presentation of the GOG218
primary analysis. Furthermore, the definition of “high-risk”
has been changed over time, between the first presentation
during a symposium and the final publication, although
three different definitions of “high-risk” patients were
tested in the final paper with consistent results [2]. Mul-
tiple unplanned subgroups were tested, not only “high-"
and “low-risk” based on residual disease, but also histol-
ogy (clear cells, low grade serous), in addition to other
stratification variables.

It is common practice to conduct subgroup analyses not
only on the primary study endpoint, but also on other sec-
ondary endpoints. From this point of view, the ICON7 au-
thors are not the first to present these kinds of subgroup re-
sults, and they will probably not be the last. However, once
an endpoint is considered acceptable for drug approval, as
it often has for PFS in the setting of first-line ovarian can-
cer treatment, it could be risky to use subgroup analyses of
a secondary endpoint to condition the interpretation of the
overall study results and to limit use of the drug in clinical
practice.

From a clinical point of view, the main variable of the
“high-risk” definition in ICON7 is residual disease after
surgery. It is worth noting that a relevant proportion of pa-
tients (about one-third) enrolled in the GOG218 trial had a
residual disease after surgery of <I cm. According to the
overall result of GOG218, these patients can also benefit
from the addition of bevacizumab to standard chemother-
apy, and there was no suggestion of a differential effect in
terms of PFS according to residual disease. Of note, the
hazard ratio (HR) value for disease progression or death in
favor of bevacizumab was 0.717 in the total study popula-
tion, 0.618 in patients with residual disease <1 cm, 0.763
in those with residual disease >1 cm and 0.698 in stage [V
patients [1]. These findings were confirmed during a pre-
sentation at the ASCO meeting in 2015 [10], where a recent
update of the post hoc exploratory analysis of subgroups
defined by stage and extent of residual disease at diagnosis
was performed for the ICON 7 trial. At prolonged follow-
up, the PFS benefit associated with bevacizumab treatment
observed in the ITT population was seen consistently in all
subgroups explored, with a HR of 0.77 (95% confidence in-
terval, 0.59-0.99). These results were obtained irrespective
of stage and residual tumor, and therefore, also in patients
categorized as having a “low-risk” tumor with the absence
of any residual disease at the time of primary surgery.
Another pointto consideristhereliability ofresidual disease
as a determinant of risk status. Several groups have shown
a significant discrepancy between what is reported by sur-
geons and what is evident at the time of a post-surgery CT
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scan [11]. This is reported even in high quality centres, but
it is highly likely that the magnitude of this discrepancy is
even greater in a “real-life” setting. Furthermore, several
countries were involved in the ICON7 study. Important
regional differences in terms of surgical approach have
been reported, and it is not clear how this may affect the
analysis reported [12]. Taking this into consideration, it is
reasonable to conclude that the residual disease variable
per se is not reliable as a predictive marker, adding to the
multiple methodological limitations related to subgroups
analyses. In our opinion, although molecular biomarkers
for the selection of patients for bevacizumab treatment
are unfortunately not yet available, in the current drive
to undertake personalized medicine based on molecular
characterization of tumors, the “high-risk” definition is an
“old-fashioned” and potentially inefficient method to se-
lect patients for any medical therapy.

In conclusion, two large randomized controlled trials have
investigated the efficacy of bevacizumab in ovarian can-
cer patients [1, 2]; both met their primary endpoint (PFS)
in the ITT analysis, which has recently been updated for
ICON7 [2]. Claiming that “high-risk” patients may have
OS benefit and that “low-risk” subjects do not benefit at all
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from treatment is risky because it is based on the results of
an originally unplanned subgroup analysis of a secondary
endpoint. Of course, this finding is hypothesis generating,
as most subgroup analyses should be. In addition, residual
disease is an unreliable variable, and it should not be used
to deny an effective treatment, approved for clinical prac-
tice, to patients with advanced ovarian cancer. An exces-
sive emphasis on the role of subgroup analyses may lead to
misunderstanding of the true results generated by overall
trial data and support the incorrect selection of patients to
be treated with the new or experimental therapy. Caution
should be used in translating results of subgroup analysis
to clinical practice guidelines.
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