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Comparing strictness of indications, numerical but no statistically significant dif-
ferences were observed between agencies.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

There is currently no solid knowledge regarding differences of approval and re-
jection rates as well as the reason for divergent decisions for oncology products
versus non-oncology products across major regulating agencies.

WHAT QUESTION DID THIS STUDY ADDRESS?

The study addresses the question if there are statistical differences in the approval
patterns among three major health authority agencies over a recent 10-year time
frame stratified by disease area and the underlying scientific root cause for diver-
gent decisions in oncology between agencies.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

The study confirms the adequate decision making of regulatory agencies which
are highly consistent. Divergent decisions in the oncology disease area are in-
vestigated and scientifically explained. This counteracts criticism expressed by
payers and healthcare providers that regulatory agencies come frequently to di-
vergent decisions based on the same clinical data submitted.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

The data indicate that scientific uncertainties due to non-controlled trial design
and inadequate patient numbers are the main driver for divergent decisions.
Applicants must perform adequate clinical studies in terms of patient numbers
and comparators in order to avoid or reduce the uncertainties leading to diver-

INTRODUCTION

Drug Regulatory Agencies (DRAs) and their decisions are
under particular scrutiny by many stakeholders. The phar-
maceutical industry that has done significant investments
expects an expedited review of the submitted dossier an-
ticipating a swift regulatory approval and market entry.
Patient advocacy groups and healthcare providers hope for
novel treatments to increase the arsenal of drugs against
life-threatening diseases. Payers rely on health technol-
ogy assessments that consider the drug evidence regard-
ing clinical effectiveness, safety, and cost-effectiveness
once a drug has been approved. In this context, divergent
decisions between health authorities remain a matter of
debate. Regulatory agencies continuously work on exist-
ing and new regulatory standards and guidelines of the
International Council for Harmonization of Technical
Requirements for Pharmaceuticals for human use (https://
www.ich.org/). Further, in recent years, numerous scien-
tific and regulatory expert clusters have been established
among the US Food and Drug Administration (FDA), the
European Medicines Agency (EMA), and other DRAs
with the aim to discuss and where possible harmonize

gent decisions of regulating agencies.

their approaches to significant scientific and regulatory
issues." These expert clusters meet on a regular basis and
comprise a broad variety of areas in drug development. Of
particular relevance is the increased focus on specific dis-
ease area clusters, such as hemato-oncology, cardiovascu-
lar, central nervous system related, or infectious diseases.

When historically looking at different decision pat-
terns between DRAs no in-depth distinction has so far
been made with regard to different disease areas,>”’ in
particular, no comparison has been made between the
anti-cancer spectrum (hematological neoplasms as well as
solid tumors) considered as oncology products (OPs) and
all other disease areas (non-oncology products [NOPs]).
The latter is of relevance as OPs comprised nearly half of
all approved new active substances (NAS) between 2016
and 2020.® OPs might follow a distinct and different ap-
proval pattern among DRAs compared to NOPs based on
disease centered expert groups, different approval path-
ways, and different approval times, as well as potentially
different decisions among agencies. OPs are frequently
approved within an expedited (Swissmedic [SMC]: “fast
track,” EMA: “accelerated assessment,” and FDA: “prior-
ity review”) regulatory pathway. With a proportion of 88%,
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an expedited approval path (priority review) was highest
for OPs in the United States, and the median FDA approval
time was only 226 days, which was lower as compared to
all other disease areas with approval times between 243
and 360days.® To enable an earlier market access of on-
cology drugs, decisions are frequently based on surrogate
end points, and there has been criticism toward deci-
sions based on expedited or time-limited authorization
(SMC: temporary approval, EMA: conditional approval,
and FDA: accelerated approval) pathways particularly in
oncology with requests to raise the bar for approval.”™!
Surrogate end points in oncology might be interpreted and
accepted differently at different DRAs, in particular, for
time-limited authorization pathways, if available.'?

In this report, we compared the decision patterns for
NAS among the SMC, the EMA, and the FDA over a de-
cade with a disease area specific focus comparing OPs and
NOPs, including approvals and rejections. In particular,
we focused on divergent decisions on OPs, underlying
clinical reasons as well as label differences between DRAs.

METHODS
Analysis of regulatory decisions at DRAs

We compared the regulatory decisions on marketing
authorization applications (MAAs) evaluated by the SMC
with those evaluated by the FDA and the EMA (central-
ized procedure) as well as other EMA national DRAs
(decentralized and national decisions). To this end, we
conducted an analysis of 336 new active substance appli-
cations, including biologics that received a final decision
by SMC between January 1, 2009, and December 31, 2018.
This date was chosen based on the coming into effect on
January 1, 2019, of a new Swiss ordinance on the Federal
Act on Medicinal Products and Medical Devices introduc-
ing the possibility of temporary marketing authorizations.
We excluded medicinal products for veterinary use, blood
products, radiopharmaceuticals, vaccines, and comple-
mentary medicines from this study.

The SMC data were obtained from the SMC's internal
database which is not in the public domain. For some me-
dicinal products, multiple MAAs had been filed over the
examined period. In order to avoid multiple counting of
the same application (e.g., multiple negative decisions,
followed by a final positive decision) only the last official
SMC decisions were considered for analysis.

The EMA data were retrieved from the EMA Website, !>
entries past December, 31, 2018, were not considered.
SMC applications were matched with EMA Centralized
Procedure applications using the medicine name, the ac-
tive pharmaceutical ingredient, and the company name.

ASCPT

Of note, all OPs followed the centralized procedure based
on Regulation (EC No0726/2004). If SMC applications
could not be matched to an EMA application, the Heads of
Medicines Agencies website'* was searched for products
authorized through the decentralized and mutual recog-
nition procedure and the EMA Community Register'® was
searched for nationally authorized medicinal products.

The FDA data were retrieved from the Drugs@FDA
website'® and the website of the “Center for Biologics
Evaluation and Research.”"’

The FDA does not publish assessment reports in case of
a negative outcome and it remains unknown to the public or
regulators if a particular MAA has been submitted. Unless
the sponsor withdraws the application, it remains in the ap-
plication process.'® For this reason, we were in some cases
unable to determine if an MAA was “rejected” (complete
response letter) by the FDA or whether it had never been
filed. The SMC disposes of additional information regarding
the FDA application status, as applicants are required to in-
dicate their product's marketing authorization status/review
status at foreign regulatory authorities when filing MAAs.
For the purpose of this study, MAAs were considered to be
rejected by the FDA if the medicinal product in question had
not been approved by the FDA within 3years after original
filing of the dossier. Further, in the rare case a dossier was
filed at the FDA after an SMC decision had already been is-
sued, this MAA would not have been included in the data
collection. This assumption is numerically supported by a
recent study demonstrating that the median time between
submission of an MAA to the FDA and the final decision is
~245days® and the review of 90% of the MAAs is completed
in less than 350days (SMC internal Benchmarking study
with the FDA data provided by applicants).

DRA decisions were classified as “positive” in case of
approval of the MAA or as “negative” in case of rejection
of the MAA or applicant withdrawal. At the EMA, final
decisions were issued by the European Commission in
case of centralized procedures, by the reference member
state in case of decentralized procedures/mutual recogni-
tion procedures, or by a national drug regulatory authority
in case of national procedures.

Analysis of divergent decisions for OPs

Public assessment reports from the EMA and the FDA
were compared to the internal SMC assessment reports.
The assessment reports were analyzed for the reasons
of rejection or the reasons for approval across the three
DRAs. In particular, disease setting, number of previous
lines of treatment, number of patients of the pivotal study,
study design including the statistical setup, and the safety
and efficacy conclusions of the agencies were compared.
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Label comparison
Similarity of label

In order to evaluate the similarity of authorized indica-
tions, we performed pairwise comparisons of the indica-
tion wordings as published in the Swiss information for
healthcare professionals (“Fachinformation”), the EMA
summary of product characteristics, and the US product
information. This analysis was only performed for drugs
authorized by all three DRAs.

Various aspects of the indication were analyzed as
described below and differences categorized as similar,
minor, or major. If the indication wording was identical
between two agencies or only semantic differences were
observed, labels were considered similar. If patient pop-
ulations included in the indication differed between two
agencies but were considered to result in a low numer-
ical difference of concerned patients (e.g., BRAF muta-
tion V600 vs. V60OE, or metastatic vs. locally advanced),
this was considered a minor difference. Differences were
regarded as major if large patient populations were in or
excluded for the approved labels, such as PDL1 indepen-
dent approval in an indication versus a restriction to only
patients with a defined PDL1 expression level.

The following aspects of the indication wordings were
analyzed in particular:

« restriction of the patient population based on molecular
markers (e.g., PD-L1 positive population),

« restrictions by age (adult vs. all patients),

« specific number or type of previous lines of treatment,

« restriction to a specific combination (e.g., type of
chemotherapy),

« restriction to metastatic versus both metastatic and
locally advanced patients,

« restriction of the patient population based on the phase
of the disease (e.g., acute vs. chronic).

Strictness of label

The strictness of labeling was evaluated comparing the
indication wording of all three DRAs for each consensu-
ally approved OP. The same aspects described under label
similarity above were evaluated and strictness with regard
to the approved patient population was scored as one of
three categories: wide, moderate, or strict. The compari-
son for strictness was performed across the three DRAs
from the widest indication to the strictest. If two DRAs
had similar labels, they were classified in the same label
strictness category. In case of differences among the three
DRAs, a ranking was performed from the widest to the

strictest indication label. This ranking was based on the
estimated number included by the specific aspects enu-
merated in the label, as illustrated above. The indication
including the largest number of patients was considered
wide, the label including the smallest number of patients
was considered strict, and the intermediate label was con-
sidered moderate.

For all labeling, text analyses evaluating label simi-
larity and strictness at least two independent rounds of
assessments were performed, each round by a clinically
experienced assessor. In case of divergent evaluations, the
final decision was established through a review board.

Statistical analyses

To investigate the concordance of the approvals among
the three DRASs, Kendall's coefficient of concordance W
was used. Its corresponding 95% confidence interval (CI)
was based on the 0.025 and 0.975 quantile of the estimated
coefficient from 9999 bootstrapped samples with replace-
ment. Within each DRA, Fisher's exact test was used to
determine the association between approval status and
disease area (OP vs. NOP) along with the corresponding
odds ratio and its 95% CI.

To compare approval rates between two DRAsS, the esti-
mated approval rate difference with its 95% CI considering
matched pair cases was provided. The corresponding p value
was based on McNemar test. To investigate whether the rela-
tion between approval status and disease areas differs among
DRAs, analysis of variance based on conditional logistic re-
gression was used to test the interaction term between dis-
ease area and DRA. In order to compare the strictness of
labeling between two DRAs within approved applications,
exact Wilcoxon-signed rank test in a permutation test frame-
work was used. The ranking considered wide=1, moder-
ate=2, and strict=3. Significant test was performed at 5%
level and nominal p value was presented. Correction of mul-
tiple testing was only applied when it was mentioned. All
analyses were performed using R version 4.0.2.

RESULTS
Approval rates for OPs and NOPs

We compared the approval rates among the SMC, the
EMA, and the FDA for NAS MAAs ranging from 2009 to
2018 submitted to all three DRAs.

In total, 336 NAS MAAs were assessed by all three
DRAs. Of these 336 products, 23% (77/336) belonged to
OPs, whereas 77% belonged to products of all other dis-
ease areas (NOPs, n=259/336). Confirmed regulatory



COMPARISON OF REGULATORY DECISION PATTERNS

decisions were available in all three jurisdictions for 293
of the 336 NAS MAAs: 69 OPs and 224 NOPs. The regu-
latory decision was unknown for eight OPs and 35 NOPs
(Figure 1).

Within agency comparison: OPs versus NOPs

Comparing OP and NOP approval rates within the same
DRA, the largest difference between OPs and NOPs was
observed for the FDA with +6.9%, whereas differences for
SMC and EMA were small and similar with +2.2% and
—2.5%, respectively (Table 1). The odds ratios of approval
(OPs vs. NOPs) in SMC, EMA and FDA were 1.22 (95%
CI=[0.52, 3.25], p=0.8394), 0.70 (95% CI=[0.24, 2.32],
p=0.5843) and 2.75 (95% CI=[0.80, 14.72], p=0.1050),
respectively. In none of the DRAs the association between
disease area and approval rate is significant.

Across agency comparison: OPs and NOPs

Approval rates across DRAs were compared in a pairwise
fashion for OPs and NOPs.

| 1573

For OPs (n=69), the approval rate for SMC was nu-
merically lowest with 88.4%, followed by the EMA with
91.3% and highest at the FDA with 95.7%. The differences
of approval rates between the FDA and the SMC, the EMA
and the SMC, and the FDA and the EMA are 7.3% (95%
CI=[1.1%, 13.4%], p=0.0253), 2.9% (95% CI=[—4.0%,
9.8%], p=0.4142), and 4.4% (95% Cl=[-1.9%, 10.6%],
p=0.1797), respectively. After Bonferroni correction for
multiple comparisons, none of the pairwise comparisons
between the DRAS is significant (Figure 2a).

Within NOPs (n=224), SMC had the lowest approval
rate (86.2%), whereas the EMA had the highest ap-
proval rate (93.8%) and the FDA approval rate was 88.8%
(Table 1). The differences of approval rates between the
FDA and the SMC, the EMA and the SMC, and the FDA
and the EMA are 2.7% (95% C1 =[—2.1%, 7.5%], p=0.2733),
7.6% (95% CI=[4.1%, 11.1%], p=0.00004) and —4.9%
(95% CI=[—9.1%, —0.8%], p=0.0218), respectively. Using
Bonferroni correction for multiple comparisons, the dif-
ference in approval rates for NOPs between the SMC and
the EMA remains significant.

The association between approval rate and dis-
ease area (OPs vs. NOPs) differs among the three DRAs
(p=0.0470). The approval rates from highest to lowest

New Active
Substance (NAS)
Applications
N=336
Oncology &
hematological All other Disease
Neoplasms (OP) Areas (NOP)
n=77 n=259
Known Unknown Unknown Known
Decisions Decisions Decisions Decisions
n=69 n=8 n=35 n=224
Pattern Number (n) Pattern Number (n)
SMC+ EMA+ FDA+ 59 Consensus SMC+ EMA+ FDA+ 181
SMC- EMA- FDA- 2 Decisions SMC- EMA- FDA- 8
SMC+ EMA+ FDA- 0 SMC+ EMA+ FDA- 12
SMC+ EMA- FDA+ 2 SMC+ EMA- FDA+ 0
SMC+ EMA- FDA- 0 Divergent SMC+ EMA- FDA- 0
Decisi
SMC- EMA+ FDA+ 3 casions SMC- EMA+ FDA+ 12
SMC- EMA+ FDA- 1 SMC- EMA+ FDA- 5
SMC- EMA- FDA+ 2 SMC- EMA- FDA+ 6

FIGURE 1 Overview of applications for OPs and NOPs; “+” indicates positive decision;

« %

indicates negative decision by respective

regulatory agency. EMA, European Medicines Agency; FDA, US Food and Drug Administration; NOP, non-oncology products; OP,

Oncology Products; SMC, Swissmedic.
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TABLE 1 Overview on approval rates in the SMC, the EMA, and the FDA and their pairwise approval rate separated by OP and NOP.

OP (N=69) NOP (N=224)
SMC approval EMA approval  FDA approval = SMC approval EMA approval FDA approval
SMC approval 61° (88.4%) 59° (85.5%) 61 (88.4%) 193 (86.2%) 193 (86.2%) 181 (80.8%)
EMA approval 63 (91.3%) 62 (89.9%) 210 (93.8%) 193 (86.2%)
FDA approval 66 (95.7%) 199 (88.8%)

Note: All percentages based on the corresponding N for OP and NOP.

*Reading example: Number of applications approved by SMC is 61 out of 69.

PReading example: Number of applications approved by both SMC and EMA is 59 out of 69.

Abbreviations: EMA, European Medicines Agency; FDA, US Food and Drug Administration; NOP, non-oncology products; OP, Oncology Products; SMC, Swissmedic.

(a)
Oncology* Non-Oncology**
100 -
75-
9
o
8 5-
©
8
g
<C
25-
04

1 1 1 1
SMC EMA FDA SMC EMA FDA

B = BE =
(®) OP NOP
| l
)
® SMC approval EMA approval @ FDA approval

FIGURE 2 (a)Distinct approval pattern for OPs versus NOPs. *No significance for oncology approvals between agencies. ** Significance
between SMC and EMA for NOPs. (b) Venn diagram on overlaps between concordant and divergent decisions at the SMC, the EMA, and the
FDA separated for OPs and NOPs. Consensus decision in agencies indicated by percentage in bold (including negative decisions not shown
in Venn diagram). DRA, Drug Regulatory Agencies; EMA, European Medicines Agency; FDA, US Food and Drug Administration; NOP,
non-oncology products; OP, Oncology Products; SMC, Swissmedic.
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were FDA-EMA-SMC for OPs but EMA-FDA-SMC for
NOPs (Figure 2a).

Concordance of consensus decisions for
OPs and NOPs

We defined consensus decisions as commonly known pos-
itive or known negative decisions in all three DRAs.

For OPs (n=69), the consensus decision rate among all
three DRAs was 88.4% (61/69). Out of the 61 consensus
decisions, 59 were consensus positive decisions and two
were consensus negative decisions. In total, for eight of
69 OP MAAs there was no consensus decision among the
SMC, the EMA, and the FDA (11.6%; Figure 2b). The con-
cordance coefficient among the three DRAs (Kendall's W)
was 0.67 (95% CI1=[0.43, 0.84], p<0.0001) indicating sub-
stantial agreement."

For NOPs, the consensus decision rate was 84.4%
among the three DRAs (189/224). Out of the 189 NOPs
with consensus decision, 181 were consensus positive de-
cisions and eight were consensus negative decisions in the
three jurisdictions. The concordance coefficient for NOPs
across the three DRAs was 0.64 indicating a substan-
tial agreement'® among agencies (95% CI=[0.53, 0.73],
p <0.0001).

In total, for 35 of 224 NOP MAAs there was no con-
sensus decision (15.6%) among the SMC, the EMA, and
the FDA. Regarding these 35 diverging decisions, approval
rates were lowest for the SMC with 34.3% (12/35 prod-
ucts), highest for the EMA with 82.9% (29/35 products),
and 51.4% (18/35 products) for the FDA, respectively
(Figure 2b).

Divergent regulatory decisions for OPs
among the SMC, the EMA, and the FDA

Divergent regulatory decisions for OPs were noted for
eight of 69 (11.6%) MAAs. Of these products, the SMC
approved two of eight (25.0%), the EMA approved four
of eight (50.0%), and the FDA approved seven of eight
(87.5%).

As the clinical data submitted to all three agencies were
comparable as defined by the same pivotal studies, the di-
verging decisions were based on different interpretation of
the results with regard to study design, dose finding, and
assessment of the clinical data. We performed an analysis
of the public assessment reports for the main reason(s) for
rejection of the respective agency/agencies leading to the
divergent decisions.

Of the eight MAAs, four were requested for hematologi-
cal indications and four for solid tumor indications (Table 2).

ASCPT

Two out of eight applications were for first-line treatment,
one of which was for first- and second-line treatment. Of
the remaining six MAAs, five were second-line indications
and one was requested for third-line. For five of eight appli-
cations, only uncontrolled phase II clinical trial data were
submitted with low patient numbers ranging from 74 to 310
enrolled patients. The resulting uncertainty regarding ef-
ficacy was the main reason for rejection by at least one of
the respective agencies. For the other three OP MAAs with
divergent decisions, randomized controlled data were sub-
mitted. However, in one out of these three applications, the
patient number was low with 70 patients each in the control
and experimental arms and the trial was closed due to slow
recruitment. In addition to the trial design and conduct for
this application, the toxicity was a significant concern for the
rejecting agencies.

For the remaining two applications with randomized
controlled trial data, the study design and overall patient
numbers were adequate with 752 and 1093 randomized
patients, respectively. Although for both MAAs the pri-
mary end point was statistically met, the clinical mean-
ingfulness of the outcome was evaluated differently by the
regulatory agencies resulting in diverging decisions.

Comparison of the labeled indication for
OPs among the SMC, the EMA, and the
FDA on consensus decisions

Similarity of the label

In order to investigate potential differences of the labeled
indication for OPs approved in all three jurisdictions, the
wording of the indications was compared for 52 of 59 prod-
ucts (88.1%) which had been approved by all three agen-
cies (consensus positive decision). For seven of 59 (11.9%)
products, the data packages submitted to the three DRAs
were different rendering them inadequate for a labeling
comparison. These products were excluded from further
labeling analyses.

Comparing the SMC with the EMA, 19 of 52 labels
were similar (36.5%), minor differences were present in 20
of 52 cases (38.5%), and major differences were observed
in 13 of 52 label indications (25.0%; Figure 3).

Comparing the SMC with the FDA, similar labels were
present in 15 of 52 cases (28.8%), minor differences were
seen in 20 of 52 cases (38.5%). The rate of major labeling
differences was 32.7% (17/52 labels).

Last, comparing the EMA and the FDA labeling differ-
ences, similar labels were seen in 11 of 52 cases (21.2%),
minor differences were present in 22 of 52 cases (42.3%),
and major differences were observed in 19 of 52 cases
(36.5%).
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COMPARISON OF REGULATORY DECISION PATTERNS

FIGURE 3 Similarity of labels
among the SMC, the EMA, and the

FDA with distribution of similar, minor
differences and major differences based
on the approved patient population. EMA,
European Medicines Agency; FDA, US
Food and Drug Administration; SMC,
Swissmedic.

Number of applications

13 (25%)

SMC vs. EMA

Based on the pairwise comparisons, the highest simi-
larity of the labeling was observed between the SMC and
the EMA (36.5%; 95% CI=[23.6%, 51.0%]).

Strictness of the label

Authorized labels were compared between DRAs and
scored for comparative strictness of the indication word-
ing defining the included patient population.

The SMC had 29 of 52 labels scored as wide, 16 of 52
scored moderate, and seven of 52 scored strict. The EMA
had 22 of 52 labels scored as wide, 24 of 52 scored as mod-
erate, and six of 52 scored as strict. Finally, the FDA had
31 of 52 labels scored wide, 13 of 52 scored moderate, and
eight of 52 scored strict.

Overall, the majority of labels at the SMC and the
FDA were scored wide (55.8% by the SMC, and 59.6% by
the FDA). Only a minority of labels were scored as strict
with 13.5% by the SMC, 11.5% by the EMA, and 15.4%
by the FDA. The EMA was the only agency with an ap-
proximately similar proportion of moderate labels (46.2%)
compared to wide labels. This could potentially indicate a
more restrictive description of the patient population at
the EMA compared to the FDA and the SMC. However,
by pairwise comparison no statistically significant differ-
ences in strictness of labeling were observed for any of the
DRAs (Figure 4).

DISCUSSION

In this report, we investigated a decade of regulatory
decision making by the SMC, the EMA, and the FDA.
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Comparison

. Smiliar
. Minor difference
Major difference

19 (36.5%)
17 (32.7%)

SMC vs. FDA EMAvs. FDA

During this decade from 2009 to 2018 the SMC only had
the option to approve or reject an MAA. As of January
2019, the Swiss legislation was adapted to introduce the
additional option of a temporary marketing authoriza-
tion. The availability of this new pathway might have
influenced the SMC regulatory decisions after this date
leading to the chosen data cutoff for our analysis. Our
particular focus was on approval rates as well as on con-
sensus versus divergent decisions comparing drugs in the
oncology space including hematological neoplasms with
all other disease areas. The aim was to determine if there
are differences in regulatory decision-making patterns
between the agencies as well as between OPs and NOPs
within each agency.

First, we looked at potential differences in approval rate
patterns within each agency comparing OPs and NOPs.
For the SMC and the EMA there were only marginal dif-
ferences in approval rates between OPs and NOPs of ~2%.
The largest difference in approval rates between OPs and
NOPs was observed at the FDA with 7% difference in favor
of OPs with 96% as compared to NOPs with 89%. There
might be various reasons for this finding. One could be a
high rate of time limited approvals (Accelerated Approval
Pathway) for oncology drugs. The accelerated approvals in
OPs at the FDA were in the range of 33%-36% as com-
pared to 67% and 64% for traditional approvals in 2020
and 2021, respectively.”’ Another reason might be the
severity of the disease area of oncology with a potential
higher acceptance of drug associated toxicity as compared
to other disease areas in light of a higher perceived ben-
efit. Finally, there may be operational differences within
the FDA setup as oncology drugs are assessed by a specific
department, the Oncology Center of Excellence regulating
only oncology products.
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(N %): (marginal frequency;propartion); Nin cel: cell frequency
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(29; 55.8%)

Wide
(29; 55.8%)

SMC

Moderate
16; 30.8%

SMC vs. EMA: p=0.4392

EMA
more strict

SMC
Moderate
16; 30.8%

SMC vs. FDA: p=1
FDA

more strict

Wide
(22; 42.3%)

EMA
Moderate
(24; 46.2%

EMAvs. FDA: p=0.3469

FDA

more strict

Strict
7; 13.5%)

Strict

Strict
7; 13.5%)

Swissmedic
more strict

EMA
more strict

Swissmedic
more strict

FIGURE 4 Mosaic plot of pairwise comparison between
agencies regarding strictness of label. The cells on the diagonal
(green) represent applications with identical label indication, while
the off-diagonal cells (orange and dark red) represent applications
with different indication wording. It may happen that one agency
consistently tends to have stricter indication than the other does,
this can be visualized by examining the difference between the
area of upper triangular and lower triangular no-green cells. The
larger the per-area difference, the stronger is the likelihood that
that one agency is stricter than the other is. Numerical differences
are indicated but no statistical differences were observed.

EMA, European Medicines Agency; FDA, US Food and Drug
Administration; SMC, Swissmedic.

Next, we looked at potential differences in approval
rate patterns across agencies comparing OPs and NOPs.
Here, the approval pattern significantly differed depend-
ing on disease area (OPs vs. NOPs). Approval rates from
highest to lowest were observed for OPs with the order
of FDA-EMA-SMC, whereas for NOPs the order was
different (EMA-FDA-SMC). Further, comparing the ap-
proval rates of NOPs among the three DRAs in a pairwise
comparison, the highest approval rate was observed at
the EMA with 94% and the lowest at the SMC with 86%.
Although this difference was statistically significant, no
other statistically significant differences for a pairwise
comparison between agencies were observed for OPs and
NOPs. This exemplifies the high concordance in decision
making among the SMC, the EMA, and the FDA for OPs
and NOPs.

To the best of our knowledge, this is the first time
approval rates are compared specifically for different
disease areas OPs versus NOPs. Previous reports looked
either across all disease areas®”’ or specifically at oncology
drugs.'>*"* Dalla Torre di Sanguinetto et al.*> compared
the Marketing Authorization decisions for OPs as well
as NOPs in the three DRAs for an earlier period between
2005 and 2014. There, the SMC average approval rate was
84%, the FDA was 87%, and the EMA was 91%. Kiihler
et al.® compared the review outcomes for NAS between
2014 and 2016 and reported an approval rate of 92% at the
FDA and 79% at the EMA across all indications, 31% of the
compounds belonged to the antineoplastic and immune-
modulating agents. Both authors concluded that there is
generally a substantial degree of alignment between NAS
approval status for the EMA and the FDA® as well as for
the SMC.? Our data, including a recent time period, sup-
port these previous findings. Nevertheless, the data also
suggest that there is a relevant difference in approval rate
patterns for OPs and NOPs.

Next to the overall approval rate, which gives a per-
spective on the approval per DRA in a given disease area,
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we also examined the consensus and divergent decisions.
This allows a more granular look on a “per application
basis” in order to compare regulatory decisions among
the different DRAs. The consensus decision rates of 88%
and 84% were statistically significant for OPs as well as for
NOPs indicating a substantial and reassuring agreement
on decision making among DRAs in line with previous
findings.>®

Looking at the divergent decisions, there is one com-
mon aspect that we observed, independent from the dis-
ease area. The SMC did not approve any drug that has
been negatively decided on by both the EMA and the
FDA. On the contrary, the SMC did not approve three
OPs and 12 NOPs that were approved by both the EMA
and the FDA. The approval rates at the SMC for diver-
gent decisions at the DRA level was lowest for both OPs
as well as NOPs. These few but divergent decisions have
contributed to the observed differences in the overall ap-
proval rates. We believe that one possible explanation
is the availability of certain time-limited authorization
approval pathways at DRAs, such as the conditional
marketing authorization pathway and the accelerated
approval pathway for the EMA and the FDA, respec-
tively. For these regulatory pathways, the approval of a
drug is usually limited to a certain duration and bound
to the postmarketing obligation of providing additional
clinical data. With the submission of the required confir-
matory clinical data a conversion into a regular approval
may later be granted. The EMA has introduced such a
regulatory pathway as a “conditional marketing autho-
rization” in 2006. At the FDA, the “accelerated approval
pathway” was developed already in 1992 in response to
the HIV/AIDS crisis. In contrast, in Switzerland, such
a pathway of a “temporary authorization” was only
adopted in 2019. Consequently, all SMC regulatory de-
cisions before 2019 were either regular approvals or
rejections as the only two options for decision making.
The differences in the availability of a time-limited path-
way may have had an impact on the approval rates, con-
sensus decisions, and divergent decisions comparing the
SMC with the EMA or the FDA.*!

Second, we were interested in the reasons why the
DRAs came to divergent decisions for OPs based on
comparable sets of data. Of the few diverging decisions
(n=38), the SMC had the lowest approval rate (25%) fol-
lowed by the EMA (50%) and the FDA (88%). From these
eight drugs, only two were approved at the FDA via the
accelerated approval pathway and only one at the EMA
via the conditional marketing authorization pathway.
Therefore, it appears unlikely that the availability of
time-limited approval pathways was the only reason for
divergent decisions. Given that regulatory tools alone
could not satisfactorily explain all divergent decisions,

ASCPT

we looked at the scientific basis of the submitted clinical
data. The common denominator of all eight divergent de-
cisions was the high degree of uncertainty regarding the
benefits and risks. Inadequate trial design was the most
frequent reason for these uncertainties. Five MAAs were
based on single arm studies leading to uncertainties about
efficacy in the absence of an adequate comparator arm.
Although a majority (6/8) of the MAAs requested second-
or third-line indications, these uncertainties were still
relevant leading to a negative benefit-risk evaluation by
at least one DRA. Although the remaining three MAAs
were based on randomized trials, there was uncertainty
about the clinical relevance of the results. Two of these
randomized trials had statistically significant efficacy
results; however, only a marginal clinical benefit was
observed and considered insufficient by the respective
DRAs rejecting these OPs. Finally, the third randomized
trial was insufficient due to poor trial conduct and pre-
mature closure of the study again leading to significant
uncertainties. In addition, inadequate dose finding was a
reason for rejection in two of eight OPs. Overall, all eight
MAAs with divergent decisions presented major uncer-
tainties. These uncertainties were evaluated and inter-
preted differently by the three DRAs eventually resulting
in divergent regulatory decisions. The fact, however, that,
overall, the number of divergent decisions was small un-
derlines the wide consensus among agencies.

Third, we evaluated similarities and strictness in indi-
cation wordings for OPs among the agencies. The high-
est similarity of labeling was observed between the SMC
and the EMA (37%) and the lowest between the EMA
and the FDA (21%). In addition, the largest difference be-
tween labels with 37% major label differences was found
between the EMA and the FDA. Major label differences
were observed in 25% of the OPs between the SMC and the
EMA. These findings suggest a higher similarity in labels
between the SMC and the EMA and greater differences
between the EMA and the FDA. Nevertheless, and simi-
lar to us, Zeukeng et al.®? had found in a comparison of
new drug approvals by the FDA, the EMA, and the SMC
between 2007 and 2016 significant differences in indica-
tions between the FDA and the SMC, and the FDA and
the EMA, but not between the EMA and the SMC. At least
in part, differences are based on different evaluation of
end points, different interaction modalities with industry,
and patients or cultural differences as patient advocacy
is more embedded in the United States than in Europe,
as suggested by Tafuri et al.'* Next to label similarity, we
also evaluated the strictness of labeling. No specific pat-
tern was discernible and the numbers of lesser or higher
degree of strictness were well balanced and nonsignificant
among the three DRAs. The data are analyzed by each as-
sessor team and the different agencies and assessors likely
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evaluate uncertainties somewhat differently. The observa-
tion that there is no difference in strictness of the label
among the SMC, the EMA, and the FDA based on our
scoring algorithm is in line with the findings from Dorr
et al. who also found no evidence for an increased strict-
ness by a certain agency by comparing the final labels.?

CONCLUSIONS

This report provides insights into the patterns of regula-
tory decision making of a recent 10-year period. The ap-
proval pattern differed depending on disease area and
approval rates from highest to lowest per agency were
different in OPs compared to NOPs. Nevertheless, con-
cordance in decision making was high among the FDA,
the EMA, and the SMC, independent of disease area. As a
consequence, the rate of divergent decisions among agen-
cies for OP drugs was low. The underlying reasons for the
divergent decisions were mainly of scientific nature due to
a lack of robust randomized controlled trials.

In the future, regulatory disease area specific clus-
ter calls! or collaboration platforms, such as ORBIS,*
between different agencies are expected to further enhance
the transparency and common understanding of decision
making among regulatory agencies in different regions.
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