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ABSTRACT

Introduction: Women continue to be underrepresented in oncology clinical trials, leading to poor, underpowered
subgroup analyses that cannot be generalized to cancer patients in practice. In 2014, the US Food and Drug
Administration (FDA) released an Action Plan, which included actions to improve the quality and reporting of
demographic subgroup data. We sought to evaluate the five-year progress since the release of this report by
assessing the credibility of sex-specific subgroup analyses in oncology clinical trials.

Methods: We reviewed the FDA Hematology/Oncology Approvals website for New Molecular Entities (NMEs)
that were approved for adults from 2015 to 2020. Publications and their supplementary indexes were reviewed
by two authors (K.J. & A.R.) against ten criteria that gauge the credibility of subgroup analyses by assessing
factors related to study design, analysis, and context. One point was awarded for each criteria met, for a
maximum score of 10.

Results: We identified a total of 73 NMEs approved for cancer treatment between 2015-2020, of which 61 met
our eligibility criteria. Of these, 32 studies (52 %) reported a subgroup analysis by sex and were included in our
analysis. Phase 2 (41 %) and Phase 3 (53 %) studies represented most studies. No study met > 3 credibility
criteria.

Conclusion: Only half the studies included in our analysis reported outcomes by sex, which suggests the activities
stipulated in the 2014 US FDA Action Plan might be ineffective. This is concerning as uncredible sex-specific
subgroup analyses can lead to wrongful clinical decision-making and poor patient outcomes.

Policy summary: Our findings suggest sex-specific subgroup analyses in oncology are not credible and users of
these data should interpret results with caution. Regulatory bodies, such as the US FDA, ought to mandate
subgroup analyses by demographic groups in drug applications. Peer-reviewed journals could ensure in-
vestigators disclose study results by sex as a condition for publication.

1. Introduction

“The whole of medicine depends on the transparent reporting of

clinical trials” [1]

Clinical trials are considered the gold evidentiary standard for

that critical information about the trial methodology and results are
often not reported in publications [2-4].

The results from subgroup analyses are especially important to
disclose as the heterogeneity of demographic factors can influence
health outcomes. Indeed, one pertinent area that the scientific com-
munity has begun to appreciate is the effects of biological sex differences

assessing health-care interventions. When adequately conducted,
designed, and reported, these studies can inform clinical practice and
improve patient outcomes. To assess the validity of a study result, and if
the intervention effect can be generalized to clinical practice, readers
depend on assessing complete and transparent trial information. Un-
fortunately, numerous assessments of oncology clinical trials have found

on the pharmacodynamics and pharmacokinetic properties of a thera-
peutic. Despite this knowledge, research suggests women continue to be
enrolled at lower rates in oncology clinical trials [5-7]. Low participa-
tion rates in clinical studies lead to poor, underpowered subgroup an-
alyses, meaning study results cannot be generalized to cancer patients
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outside of trials.

Over the years, numerous regulatory initiatives have attempted to
increase female participation in clinical studies and improve the quality
and reporting of study results by sex [8]. For example, in 2012, the
United States (US) Congress enacted the Food and Drug Administration
(FDA) Safety and Innovation Act [9] which, in part, required the US FDA
to review the inclusion and analysis of demographic subgroups in drug
approval applications. In 2014, the FDA released its Action Plan [10],
which included actions to improve the quality and reporting of de-
mographic subgroup data. Indeed, the 1993 Revitalization Act [11]
(which mandated women be included in National Institutes for Health
(NIH)-funded trials) also specified that women ought to be enrolled in
trials in adequate numbers to ensure valid analyses of the intervention
effect in subgroups.

Despite these regulatory measures, research suggests that subgroup
analyses remain inadequately performed [12,13]. In oncology, most of
the literature in oncology has evaluated the representation of minority
participants in clinical trials based on “proportionality” - the distribution
of female participants to the incidence or prevalence of a disease in the
population. However, little attention has been given to the frequency
and quality of the sex-specific subgroup analyses in oncology. To eval-
uate the five-year progress since the release of the FDA Action plan [10]
and assess the credibility of sex-specific subgroup analyses, we reviewed
FDA drug approvals for new molecular entities (NMEs) in cancer be-
tween 2015-2020.

2. Methods

We reviewed the FDA Hematology/Oncology Approvals website
[14] for drugs that were approved for adults from 2015 to 2020
(excluding sex-specific indications such as breast, prostate, ovarian, and
cervical). We extracted the list of approvals, along with the National
Clinical Trial (NCT) number, and related publications. In the case the
drug approval was based on multiple clinical trials, we extracted and
evaluated each study separately. Other variables included year of
approval, number of subgroups, and trial phase. Publications and their
supplementary indexes were reviewed by two authors (K.J. & A.R.)
against ten criteria outlined by Sun et al. (Table 1) [15]. These criteria
gauge the credibility of subgroup analyses by assessing factors related to
study design, analysis, and context (Table 1), and has been used in
similar studies [12,13]. One point was awarded for each criteria met, for
a maximum score of 10. Data analysis was performed using Excel Soft-
ware Version 16.9.

Table 1
Credibility of subgroup analysis criterion by Sun et al. 2012 [15] (n = 32).
Criteria Number of
studies (%)
1 Is the subgroup va.rlable a characteristic 32 (100)
measured at baseline?
2 Was the subgroup variable a stratification factor at 13
Design randomisation?
3 Was the hypothesis specified a priori? 21 (66)
4 Was the subgroup analysis one of a small number
0(0)
of subgroup analyses tested (<5)?
5 Was the test of interaction significant 9 (28)
Analysis (interaction p < 0.05)?
6 Was the significant interaction effect independent 13
if there were multiple significant interactions?
7 Was the direction of the subgroup effect correctly
i 0(0
pre-specified?
8 Was the subgroup effect consistent with previous 00
Context studies?
9 Was the subgroup effect consistent across related 00
outcomes?
10 Was there indirect evidence to support the 13)

apparent subgroups effect?

Bolded criteria deemed “critical” by Sun et al. 2012 [15].
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3. Results

We identified a total of 73 NMEs approved for cancer treatment
between 2015-2020, of which 61 met our eligibility criteria. Of these,
32 studies (52 %) reported a subgroup analysis by sex and were included
in our analysis (Fig. 1). Phase 2 (41 %) and Phase 3 (53 %) studies
represented most studies. No study met > 3 credibility criteria (Fig. 1).
The two criteria that were met by more than 50 % of the studies was
whether the subgroup was a characteristic measured at baseline (100 %)
and whether the SGA was prespecified (66 %) (Fig. 1). None of the
included studies provided any contextual information for the analysis
except one, which indicated the sex-specific subgroup analyses was
performed to meet “regulatory requirements.” All trials, except one,
reported performing more than five subgroup analyses.

4. Discussion

Our findings, although limited to NMEs, suggest that sex-specific
subgroup analyses supporting regulatory approvals are inadequately
performed. This is concerning as uncredible sex-specific subgroup ana-
lyses can lead to wrongful clinical decision-making and poor patient
outcomes. Our results are similar to previous studies [12,13], however,
we extend these findings by purposively evaluating sex-specific sub-
groups to explore the generalizability of cancer research given numerous
policy initiatives for the inclusion of women in clinical studies over the
past three decades. We found only 52 % of studies reported outcomes by
sex, which suggests the activities stipulated in the 2014 US FDA Action
Plan [10] might be ineffective.

Our study is limited to publicly available data. The US FDA base
approvals on confidential clinical study documents which might include
additional data not privy to the public. Further, authors may not have
sufficient space in manuscripts to report all methodological consider-
ations pertaining to the conduct of subgroup analyses. However, since
many aspects of cancer treatment are based on published materials (i.e.,
clinical decision-making, meta-analyses, and practice guidelines),
reporting health outcomes by sex is critical to include in publications.
Further, we could not find this information in supplemental appendices
either, which do not have an imposed word limit, which raises questions
about whether these analyses are being done.

Given that studies conduct multiple subgroup analyses, Sun et al.
[15], acknowledged constraints of including all information relevant to
each of the ten criteria. However, three criteria were deemed critical: the
use of variables measured at baseline, prespecifying of subgroup hy-
potheses, and statistical significance of the interaction test. Our study
found most sex-specific analyses did not meet these criteria: 66 % of
studies included sex as one of the prespecified analyses, and only 28 %
reported a significant interaction test. This information is fundamental
to assessing whether the result is meaningful or whether it arose by
chance.

Opportunities exist to improve the reporting and use of subgroup
data. Our findings suggest clinicians, policy makers, and other users of
data from clinical trials, should interpret subgroup claims with caution.
Further, when evaluating a subgroup claim, users should assess results
using the credibility criteria used in this study (Table 1). Further, in-
vestigators ought to fully report the conduct of subgroup analyses and
peer-reviewed journals should ensure these analyses are included in the
manuscript or supplemental analyses as a condition for publication.
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Decision criteria

Name Phase 1 2 3 4 5 Z 8 ] |
Demetri et al. 2016 3
Hida etal. 2017

Schlumberger et al. 2015
San-Miguel et al. 2016
Lonial et al. 2016

Larkin et al. 2014
Mayer et al. 2015
Thatcher et al. 2015

Rosenberg et al. 2016
etal. 2016

Kaufman et al. 2016
Wang et al 2018
Stein et al. 2017
Stone et al. 2017

Dummer et al. 2018

Strosberg et al. 2017
Flinn et al. 2018

Dummer et al. 2018

Kim et al. 2018
Wu et al. 2017
Perl etal. 2019

Loriot et al. 2019

Rosenberg et al. 2019
Sehn et al. 2019

Tam etal. 2021
Song et al. 2020
Lonial et al 2020

Abou-Alfa et al. 2020
Blay et al. 2020
Wolf et al. 2020

Gounder et al. 2020

Blay et al. 2020

[Met criteria
IDid not meet criter

Fig. 1. Subgroup credibility scores by study (n = 32).

Declaration of Competing Interest

Dr Prasad reports receiving royalties from his book Ending Medical
Reversal; that his work is funded by the Laura and John Arnold Foun-
dation; that he has received honoraria for grand rounds/lectures from
several universities, medical centers, and professional societies and
payments for contributions to Medscape; Dr Prasad hosts the podcast
Plenary Session, which has Patreon backers. Dr. Raymakers, Meyers, and
Ms. Jenei have no disclosures to report.

References

[1] D. Rennie, CONSORT revised—improving the reporting of randomized trials,
JAMA 285 (15) (2001) 2006-2007, https://doi.org/10.1001/JAMA.285.15.2006.

[2] A.J.N. Raymakers, D.A. Regier, S.J. Peacock, Health-related quality of life in
oncology drug reimbursement submissions in Canada: a review of submissions to
the pan-Canadian Oncology Drug Review, Cancer 126 (1) (2020) 148-155, https://
doi.org/10.1002/cncr.32455.

[3] T. Olivier, A. Haslam, V. Prasad, Informative censoring due to missing data in
quality of life was inadequately assessed in most oncology randomized controlled
trials, J. Clin. Epidemiol. 139 (2021) 80-86, https://doi.org/10.1016/J.
JCLINEPIL.2021.07.013.

[4] S.Zhang, F. Liang, W. Li, X. Hu, Subgroup analyses in reporting of phase III clinical

trials in solid tumors, J. Clin. Oncol. 33 (15) (2015) 1697-1702, https://doi.org/

10.1200/JC0O.2014.59.8862.

V.H. Murthy, H.M. Krumholz, C.P. Gross, Participation in cancer clinical trials:

race-, sex-, and age-based disparities, J. Am. Med. Assoc. 291 (22) (2004)

2720-2726, https://doi.org/10.1001/jama.291.22.2720.

[5

[}

(6]

[71

[8]

91

[10]

[11]

[12]

[13]

[14]

[15]

N. Duma, J.V. Aguilera, J. Paludo, et al., Representation of minorities and women
in oncology clinical trials: review of the past 14 years, J. Oncol. Pract. 14 (1)
(2018) el-€l0, https://doi.org/10.1200/JOP.2017.025288.

K. Jenei, D.E. Meyers, V. Prasad, The inclusion of women in global oncology drug
trials over the past 20 years, JAMA Oncol. 7 (10) (2021) 1569-1570, https://doi.
org/10.1001/jamaoncol.2021.3686.

C.M. Mazure, D.P. Jones, Twenty years and still counting: including women as
participants and studying sex and gender in biomedical research, BMC Womens
Health 15 (1) (2015) 94, https://doi.org/10.1186/512905-015-0251-9.

Food and Drug Administration Safety and Innovation Act (FDASIA) FDA. https://
www.fda.gov/regulatory-information/selected-amendments-fdc-act/food-and-
drug-administration-safety-and-innovation-act-fdasia. (Accessed 9 August 2021).
Administration D, FDA Action Plan to Enhance the Collection and Availability of
Demographic Subgroup Data, 2014.

NIH Revitalization Act of 1993 Public Law 103-43, 1994 (Accessed 5 May 2021),
https://www.ncbi.nlm.nih.gov/books/NBK236531/.

N. Béez-Gutiérrez, H. Rodriguez-Ramallo, S. Flores-Moreno, L.A. Martin, Subgroup
analysis in haematologic malignancies phase III clinical trials: a systematic review,
Br. J. Clin. Pharmacol. 87 (7) (2021) 2635-2644, https://doi.org/10.1111/
BCP.14689.

S. Zhang, F. Liang, W. Li, X. Hu, Subgroup analyses in reporting of phase III clinical
trials in solid tumors, J. Clin. Oncol. 33 (15) (2015) 1697-1702, https://doi.org/
10.1200/JCO.2014.59.8862.

Hematology/Oncology (Cancer), Approvals & Safety Notifications, FDA, 2021
(Accessed 6 June 2021), https://www.fda.gov/drugs/resources-information-appro
ved-drugs/hematologyoncology-cancer-approvals-safety-notifications.

X. Sun, M. Briel, J.W. Busse, et al., Credibility of claims of subgroup effects in
randomised controlled trials: systematic review, BMJ 344 (7852) (2012), https://
doi.org/10.1136/bmj.e1553.


https://doi.org/10.1001/JAMA.285.15.2006
https://doi.org/10.1002/cncr.32455
https://doi.org/10.1002/cncr.32455
https://doi.org/10.1016/J.JCLINEPI.2021.07.013
https://doi.org/10.1016/J.JCLINEPI.2021.07.013
https://doi.org/10.1200/JCO.2014.59.8862
https://doi.org/10.1200/JCO.2014.59.8862
https://doi.org/10.1001/jama.291.22.2720
https://doi.org/10.1200/JOP.2017.025288
https://doi.org/10.1001/jamaoncol.2021.3686
https://doi.org/10.1001/jamaoncol.2021.3686
https://doi.org/10.1186/s12905-015-0251-9
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/food-and-drug-administration-safety-and-innovation-act-fdasia
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/food-and-drug-administration-safety-and-innovation-act-fdasia
https://www.fda.gov/regulatory-information/selected-amendments-fdc-act/food-and-drug-administration-safety-and-innovation-act-fdasia
http://refhub.elsevier.com/S2213-5383(21)00042-4/sbref0050
http://refhub.elsevier.com/S2213-5383(21)00042-4/sbref0050
https://www.ncbi.nlm.nih.gov/books/NBK236531/
https://doi.org/10.1111/BCP.14689
https://doi.org/10.1111/BCP.14689
https://doi.org/10.1200/JCO.2014.59.8862
https://doi.org/10.1200/JCO.2014.59.8862
https://www.fda.gov/drugs/resources-information-approved-drugs/hematologyoncology-cancer-approvals-safety-notifications
https://www.fda.gov/drugs/resources-information-approved-drugs/hematologyoncology-cancer-approvals-safety-notifications
https://doi.org/10.1136/bmj.e1553
https://doi.org/10.1136/bmj.e1553

	Challenges with sex-specific subgroup analyses in oncology clinical trials for drug approvals between 2015–2020
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Funding support
	Declaration of Competing Interest
	References




