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ABSTRACT

Purpose To evaluate the advantages and disadvantages of pre-approval requirements for safety data to detect cardiovascular (CV) risk
contained in the December 2008 U.S. Food and Drug Administration (FDA) guidance for developing type 2 diabetes drugs compared with
the February 2008 FDA draft guidance from the perspective of diabetes population health.

Methods We applied the incremental net health benefit INHB) framework to quantify the benefits and risks of investigational diabetes
drugs using a common survival metric (life-years [LYs]). We constructed a decision analytic model for clinical program development
consistent with the requirements of each guidance and simulated diabetes drugs, some of which had elevated CV risk. Assuming constant
research budgets, we estimate the impact of increased trial size on drugs investigated. We aggregate treatment benefit and CV risks for each
approved drug over a 35-year horizon under each guidance.

Results The quantitative analysis suggests that the December 2008 guidance adversely impacts diabetes population health. INHB was
—1.80 million LYs, attributable to delayed access to diabetes therapies (—0.18 million LYs) and fewer drugs (—1.64 million LYs), but
partially offset by reduced CV risk exposure (0.02 million LYs). Results were robust in sensitivity analyses.

Conclusion The health outcomes impact of all potential benefits and risks should be evaluated in a common survival measure, including
health gain from avoided adverse events, lost health benefits from delayed or forgone efficacious products, and impact of alternative policy
approaches. Quantitative analysis of the December 2008 FDA guidance for diabetes therapies indicates that negative impact on patient health
will result. © 2014 The Authors. Pharmacoepidemiology and Drug Safety published by John Wiley & Sons, Ltd.

KEY WORDS—INHB; benefit; risk; CV; evaluation; pharmacoepidemiology

Received 10 January 2013; Revised 17 October 2013; Accepted 24 November 2013

INTRODUCTION about excess acute myocardial infarctions and sudden
deaths associated with rofecoxib” and potentially
elevated cardiovascular (CV) risk for patients treated
with rosiglitazone'? have increased focus on risk!! and

contributed to re-evaluation of CV risk associated with

Over the last decade, drug safety has become an increas-
ingly important regulatory issue. Drug withdrawals
have raised concerns about the adequacy of benefit—risk

assessment,! and numerous reports have considered or ad-
vocated changes in risk management (WHO/UNESCO
joint report,> PDUFA III,> IOM report,* and U.S. Food
and Drug Administration (FDA) guidance documents>®).
Although the need to consider benefits as well as risks
has been a major theme in FDA guidance, concerns

*Correspondence to: A. Chawla, 1010 El Camino Real, Suite 310 Menlo Park,
CA 94025, USA. Email: achawla@analysisgroup.com

the sulfonylurea class, which has been available for over
50 years.'?

Partially in response to these concerns, the FDA
published draft guidance for developing type 2 diabetes
drugs in February 2008.'3 In this draft, the FDA
increased pre-approval safety data requirements but
did not suggest a specific CV clinical endpoint in the
absence of an adverse signal (Table 1). In December
2008, the FDA published final guidance'* that
recommended endpoints pre-approval and post-approval
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to rule out specific levels of CV risk without explicit
consideration of drug benefits. Implementation of the
February 2008 draft guidance would have increased
clinical trial size compared with the status quo. The
endpoints recommended in the final December 2008
guidance, however, require substantially larger and
longer clinical studies, with recent launches having
CV endpoint studies to address this requirement totaling
approximately 25000-50000 patient life-years (LYs)
and at least one compound (dutogliptin) apparently
stopping development in part due to the increased
expense to meet this requirement.'>'® Few studies,
however, have evaluated the cost-effectiveness of
pharmaceutical regulation; one recent example compared
a regulation to no regulation scenario for QT/QTc studies
for drugs under development.'>-17

The new requirements bring advantages through
early detection of risk but also impose costs through
larger and longer clinical trials that can slow access
for patients and reduce the incentives to develop new
drugs. The reduction in speed of access to drugs with
favorable risk—benefit profiles provides a first-order
cost to patients, whereas reduced investment in
diabetes treatments would lead to an additional second-
order cost to patients. Against these costs must be
weighed the benefits from reduced exposure to drugs
with less favorable risk—benefit profiles that might be
detected earlier.

Joint evaluation of these factors requires a complex
model of the ecosystem and many assumptions about
critical variables. Published quantitative analyses of
celecoxib and rofecoxib (COX-2 inhibitors) used such
models to compare benefits and risks of these treat-
ments with other NSAIDs among rheumatoid arthritis
(RA) populations.'®!° Using discrete-event simulation
modeling of CV and gastrointestinal risks, these
studies found that COX-2 inhibitors increased RA
population health (as measured by quality-adjusted
LYs) over a l-year horizon. When evaluating the
consequences of additional safety testing on adverse
events based on the rofecoxib withdrawal, expanded
pre-approval studies could have reduced adverse
events, but an evaluation of both benefits and risks

December 2008 guidance

Supported by overall benefit-risk analysis with the upper bound of the estimated CV RRR < 1.80
relative risk ratio.

Required CV outcomes trial if approved when the upper bound of the estimated CV RRR > 1.30

Guidance for evaluating CV risk when developing drugs and therapeutic biologics

for treating and preventing type 2 diabetes
Size powered for primary efficacy and CV risk endpoints. Powered to detect a CV

Enriched samples of populations at higher CV risk (advanced disease, elderly,
RRR of 1.3 with 80% probability

Expanded existing pivotal efficacy trials or separate CV outcomes trial
Reduction in HbAlc to support a glycemic control label

Number of composite CV events (fatal and non-fatal MI, non-fatal stroke)
or with renal impairment)

Extended trial duration with =24 months for some patients

cardiovascular; RRR

February 2008 draft guidance

Reduction in HbAlc to support a glycemic control
myocardial infarction; CV

label
Duration largely <12 months, but >18 months for

some patients
more than 12 months, and 300-500 for at least

Pivotal efficacy trials for investigational diabetes
At least 2500 patients exposed, 1300-1500 for
18 months

Guidance for developing drugs and therapeutic
therapies

biologics for treating and preventing diabetes
Representative samples of higher-risk diabetes
populations (certain ethnic and elderly groups)

Supported by overall benefit-risk analysis

CV risk not a primary endpoint
CV trial may be required

Summary of FDA February 2008 draft guidance and December 2008 guidance

=
[} .Ch
s | .8
o =
= <
g &
g o S| E was beyond the study scope.”® Expanding pre-
2 =
E e £ § approval studies can always increase the likelihood
'E S | of detecting putative adverse effects of a drug, but a
8 £ g bl = more comprehensive assessment of the benefits and
_ $ ke) . B . . . .
£ = §“§ sg| 5 risks specific to a particular situation is needed to
5 £ §§ g ERA R determine what trial size provides the appropriate
£ § § s = o S g ; balance.?! In addition, whether it is more efficient to
_ o B g §§ :g = % |5 conduct these studies pre-approval or post-approval
2 g 2 5 32 & E %i P needs to be considered, recognizing that the trade-off
£ £ & el & may vary across drugs.??

© 2014 The Authors. Pharmacoepidemiology and Drug Safety published  Pharmacoepidemiology and Drug Safety, 2014; 23: 268-277
by John Wiley & Sons, Ltd. DOI: 10.1002/pds



270 A.J. CHAWLA ET AL.

In this paper, we discuss the merits of decision model-
ing as a tool to explore and clarify the broader potential
impacts of a decision, using the FDA guidance on
testing for CV risk of diabetes therapies as a case study.
Previous research examining the impact of this guidance
found large increases in review time (2x), trial size
(2.5x), and trial patient-years (4x) after the December
2008 guidance.”> In other research, it has been
suggested that including additional types of CV risk in
the safety endpoint might mitigate this impact by
allowing more efficient detection of CV-related risk.>*
Our evaluation is unique in that it provides a more
complete quantitative analysis of the long-term impacts
of this policy decision on diabetes population health.
Although the assumptions and approaches used herein
are subject to debate, the need to model the impacts of
major regulatory changes is clear. Decision modeling
can provide insight into whether a change in policy
is likely to achieve its key objectives without offset-
ting consequences.

METHODS

We used a decision analysis model to estimate health
benefits and risks associated with development under
the two policy frameworks—the December 2008
guidance and the February 2008 draft guidance—to
calculate incremental net health benefit (INHB),
measured in LYs, for the diabetes population over a
35-year horizon (20years during which the drug is
commonly used, 3 years of use by a particular patient,
and 12years of subsequent impact on that patient

February 2008 Decision Tree

RRR point estimate >=1.2, or

Ph il failure No Sabes

[with declining benefit over time]). Specifically, we
applied a validated and structured, quantitative health
outcomes approach?’ to estimate INHB by simulating
investigational drugs with constant treatment benefit
but variable CV risk. The key drivers are the time to
detection of CV risks and the foregone benefits associ-
ated with treatments that might be delayed, not reach
market, or not be investigated.

Decision analysis model structure

The decision analysis model was based on decision trees
that represent the least costly of several approaches
to meet the recommendations of each guidance (see
Figure 1). We developed a simulation model in
Microsoft Excel based on the decision trees, following
a set of diabetes drugs through development and
approval and calculating their net impact on the diabetes
population. Individual drugs were assumed to have a
constant effect on survival associated with HbAlc
control but could have either no CV risk or elevated
CV risk drawn from a specified distribution; drugs
with elevated CV risk had higher Phase III attrition,
particularly under the December 2008 guidance, and
were withdrawn from the market when the risk
was identified. The constant base-case survival
impact of improved HbAlc control derives from a
published estimate for 0.5% improvement,?® and this
assumption is consistent with decreasing HbAlc
improvement averaging 0.5% over 3years use by a
patient. The HbAlc effect on survival (LYs) is varied
in sensitivity analyses.

Phlll udcome /
FO Submission Decisic
RRAR point estimate <1.2

FDA Submission  R-B Assessment |

| R-B Acceptabla

F-B Not Accoplable Mo Sales

RRR point estimate >21.2 Mo Further Sales

On Marikel -8 Assessmant [

December 2008 Decision Tree

RRR upper bound >=1.48,
RRR paind estimate ==1.2, or
Ph M fadiure Ko Sales

RRR upper bownd &[1.3,1.8) &

| RRR point estimale <1.2 Remain on Markel

R-B Mol Acceplable  No Sabes

RRF poini estimate =1.2 FDA Submission  R-B Assessment |

Fh i Qulcome /

FDA Submission Dwcision

| R-8 Acceptable

HER RRR point eslimate >=1,2  No Furher Sales
On Markel  Posl-markeling trial |

| RRR point eslimate <1.2 ~ Remain on Marke!

-8 Mot Acceplable Mo Sales

RRR upper bound <1.3 &

RRR poini estimate <1.2 FDA Submission  R-8 Assessmenl |

| R-8 Acceptable

HER / RRR point eslimate >=1.2 Mo Further Sales
On Markel  Posl-markeling trial [

|_RRR point eslimate <1.2  Remain on Markel

Abbreviations: Ph III = Phase III clinical trial, RRR = cardiovascular relative risk ratio, FDA = Federal Drug Administration, R-B = Risk-Benefit.

Figure 1. Drug development, regulatory submission, and marketing approval pathways under the February 2008 draft guidance and the December 2008

guidance
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CV RISK EVALUATION FOR DIABETES 271

In the base case, overall research and development
budgets for diabetes drugs were held constant, leading
to a reduction in the number of investigated drugs.
This assumption is based on pharmaceutical research
budgets having been a relatively constant proportion
of sales over the past 20 years and relatively flat in
absolute terms in the last 2 years,?’ leading to trade-
offs in research portfolios. This assumption may be
conservative, as companies would be expected to shift
investment away from diabetes if the cost/benefit ratio
for that area becomes more negative relative to other
potential investments.

The supporting information provides details of the
decision analysis model and policy frameworks.

Model inputs

Where possible, we used historical or published data
on type 2 diabetes drugs, drug development, and costs
(Table 2 and supporting information). The probability
a drug had any elevated CV risk (CV death, myocar-
dial infarction, and stroke), 4.4%, was based on the
combined percentage of investigational compounds
entering Phase III that failed (1987-1992), the

Table 2. Model inputs

percentage of terminations at least 4years from
initial filing of the new drug due to safety problems
(1981-1992), and the percentage of marketed drugs
that were withdrawn or restricted due to safety signals
(1969-2002, 1993-2006).1-%2° In the absence of
information on the magnitude of CV relative risk ratio
(RRR) in investigational diabetes drugs that have
elevated risk, we used a beta distribution (a.=0.80;
B=2.46) parameterized to advantage the safety benefit
provided by the December 2008 guidance by setting
the mean RRR equal to the lower risk threshold (1.3)
specified in that guidance and the 97.5th percentile
equal to the upper risk threshold (1.8) specified in that
guidance; drugs with moderate risk—as opposed to
those likely to be detected under either scenario—would
accordingly be well represented in our modeling
exercise.

We based our inputs for the design, duration, and
cost of the clinical trial programs on requirements in
the guidance frameworks and estimates of new drug
development costs (in 2010 dollars).!3!429732 We
used 0.5years as a conservative estimate of the
additional time required to run the larger Phase III
trials. The probability of detecting elevated CV risk

Definition Base-case value Reference
Benefit of treatment with investigational type 2 diabetes drug
Reduction in HbAlc, percentage point 0.5 Assumption
10-year discounted benefit of 0.5 percentage points reduction in HbAlc control, LY 0.05 2
Treatment durability, years 3 3
CV risk, type 2 diabetes patients
Non-fatal CV event rate, annual mean 0.0060 Estimate>®
Fatal CV event rate, annual mean 0.0096 Estimate®
Relative risk ratio (RRR) for high-risk patients 1.90 Estimate®”
CV risk, investigational type 2 diabetes drugs
Drugs with elevated CV event risk, % 4.4 Estimatel’Zg'Zg;
Distribution of CV RRR for drugs with elevated CV risk Beta Assumption
RRR of drugs with elevated CV event risk, mean 1.30 Assumption
RRR of drugs with elevated CV event risk, 95%CI 1.059-1.800 Estimate'*

Clinical program for investigational type 2 diabetes drugs
February 2008 draft guidance Phase III trial enrollment, treatment (control)
December 2008 guidance Phase III trial enrollment, treatment (control)
December 2008 guidance; delay to market due to extended duration of Phase III trial, years
Capitalized preclinical, Phase I, and Phase II cost, 2010 $millions
February 2008 draft guidance Phase III cost, 2010 $millions
December 2008 guidance Phase III cost, 2010 $millions
Transition probabilities
February 2008 Phase III failure rate, %
February 2008 FDA approval rate, %
Type 2 diabetes, treated population
Annual treated population
Annual treatment uptake, %
Number of annual treated cohorts (drug useful life)
Participation in PM surveillance, % of treated population
Drug research for type 2 diabetes drugs
Research period impacted by change in FDA guidance, years
Diabetes drugs initiating Phase III clinical trial, annual no.

2500 (2500)

13

9209 (4959) Estimate'*'*
0.5 Assumption
515 Estimate’'
189 Estimate’’
576 Estimate™®
24.2 Estimate’*2
90.3 32
1333433 Estimate'*****
333 Assumption
20 Assumption
0.065 Estimate™
12 Assumption
2.20 39

CV = cardiovascular; LY =life-year; RRR =relative risk ratio; CI=confidence interval; PM = post-marketing; FDA = U.S. Food and Drug Administration.
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272 A.J. CHAWLA ET AL.

was calculated based on the estimated power of the
clinical trial programs to detect elevated incidence of
CV events for the simulated CV RRR.

The base case assumes that each simulated drug
reduces a long-term blood glucose measure (HbAlc)
compared with standard of care for appropriately
targeted patients by 0.5 percentage points (an assumed
value so that effectiveness exceeds non-inferiority of
0.3 to 0.4'3), is effective at controlling glucose levels
for 3years per patient, and has no residual effects
beyond 10years. Risk and benefit are assumed
proportional to exposure time, so duration of
maintained control is unlikely to affect risk—benefit
comparison. We assume these parameter values to
illustrate the impact of the policy change on effective
agents. Although not all agents would confer the
assumed level and duration of control, we explore
variation in effectiveness assumptions through sensi-
tivity analysis.

Sensitivity analysis

We conducted sensitivity analyses to assess the impact
of parameter uncertainty. For CV risk assumptions, we
varied the mean risk, risk variance, and risk distribu-
tion to consider risk scenarios favorable to increased
pre-approval scrutiny. We adjusted treatment efficacy
and survival assumptions, we considered alternative

assumptions for delay to market, and we relaxed the
fixed pharmaceutical budget assumption. Parameter
values were varied by plus and minus 25% in the
sensitivity analyses, except for share of drugs
(+50%) and delay to market (—0.25 years/+1.0 years)
to reflect greater uncertainty in future drug develop-
ment. To control for sampling variation, all sensitivity
analyses used the same 10000 random elevated CV
risks drawn from the CV relative risk distribution.

RESULTS
Base-case analyses

The December 2008 guidance results in greater
detection of diabetes drugs with elevated CV risk in
Phase III: 67% to 48% for drugs with any elevation,
and 98% versus 67% for drugs with a CV RRR > 1.30.
The increased CV risk detection reduces risk of a CV
event by 28% for individual treated patients under
the December 2008 guidance (see Table 3). In
addition, the December 2008 guidance also leads to
a reduction in the number of drugs investigated
(see Methods), which further reduces the number of
CV events.

The increased safety requirements have a modest
survival impact. Model estimates indicate a 0.4%
increase in LYs for individual treated patients due to
the increased safety requirements. This perspective

Table 3. Base-case analysis average results,* by policy framework

February 2008 December 2008 95% confidence interval
draft guidance guidance’ Difference (%) for difference®
Number of drugs, no.}
Investigated 21.90 14.13 —7.77 (-35.5)
Approved 14.83 9.44 —5.39 (=36.3)
Incremental CV events, no.X
Per treated patient 0.00015 0.00010 —0.00004 (—28.3) [—0.000052, —0.000030]
Per investigated drug 582 402 —180 (—30.9) [—223, —136]
Total 12746 5682 —7064 (—55.4) [—5788, —8340]
Incremental net health benefit (INHB), LY **
Per treated patient 0.0545 0.0547 0.00020 (0.4) [0.0017, 0.00023]
Per investigated drug 218651 211346 —7304 (—3.3) [—7464, —7144]
Total 4788 189 2985946 —1802243 (—37.6) [—1813311, —1790942]

FDA =U.S. Food and Drug Administration; CV =cardiovascular; LY =life-year.

*Results are simulation averages (10000 simulations) weighted by the share of investigational drugs without elevated CV risk. All results discounted at 3.0%
annual rate.

"Results for the December 2008 guidance are for the “expanded existing trial” because that approach is associated with lower clinical and economic impact
than a “separate safety trial.”

*Confidence intervals calculated using nonparametric bootstrapping from the 10 000 simulated drugs using sample sizes of 22 drugs (the estimated number of
diabetes drugs investigated under the February 2008 guidance). Specifically, each measure was calculated for 22 drugs randomly selected with replacement
from the 10000 simulated drugs. This was repeated 200 times and the values ordered. The confidence intervals are the Sth and 195th largest, respectively.

SThe number of drugs is over a 12-year period, starting in 2010 for Phase III investigated drugs and in 2014 for approved drugs.

IAdditional CV events associated with the incremental CV risk of investigated drugs compared with standard of care. Results are weighted average based on
expected number of treated patients.

**Treatment benefit incorporates mortality impact of elevated CV event risk of investigational drugs. Results are weighted averages based on expected number

of treated patients.

"Total INHB equals the difference in INHB per investigated drug times the number of investigated drugs plus the total LYs per investigated drug times the

difference in number of drugs investigated.

© 2014 The Authors. Pharmacoepidemiology and Drug Safety published
by John Wiley & Sons, Ltd.
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CV RISK EVALUATION FOR DIABETES 273

ignores survival benefits from reductions in time on
market and number of drugs approved. The impact is
small primarily because relatively few diabetes agents
have elevated CV risks, and even under the February
2008 draft guidance, those with elevated CV risks
are withdrawn from the market.

The INHB of the December 2008 guidance is
negative when the delayed time to market and number
of drugs investigated are considered (see Table 3).
Thus, the foregone survival (LY) benefits (the policy
costs) from delayed approval and reduced clinical
research for investigational diabetes agents exceed
the survival benefits associated with reductions in
CV risk. The average net benefit per investigated drug
decreases 3.3%, factoring in the improved safety
requirements and the delayed approval. Thus, the
foregone survival benefit of HbAlc control from only
a 0.5year delay in launch per investigated drug
outweighs the realized survival benefit of reduced
CV risk associated with the safety requirements. For
the entire diabetes population, factoring in reductions
in the capacity to investigate new drugs, the model
estimates a 37.6% reduction in net benefits. From the
diabetes patient population perspective, the December
2008 guidance reduces patient health when estimated
using survival.

Table 4 presents a disaggregation of population-
level INHB. The negative estimated INHB for the type
2 diabetes population (—1.80 million LYs) is attribut-
able to delayed access to efficacious diabetes therapy
(—0.18 million LYs) and a reduction in the number
of drugs approved (—1.64 million LYs), partially
offset by reduced exposure to drugs with elevated
CV risk (0.02 million LYSs).

Table 4. Incremental net health benefit (LYs), by source*

INHB by source, LYs (%)

Type 2 diabetes Reduction in Total
treatment benefit CV events INHB*
Total impact of —1836413 34170 —1802243
policy change
Increased safety 0 (0.0) 17444 17444
requirements (51.0) (-0.9)
Increased time —179032 (9.7) 1631 (4.8) —177401
to market 9.7)
Fewer investigated —1657381 15096 —1642285
drugs (90.3) (44.2) (89.4)

CV =cardiovascular; INHB = incremental net health benefit; LY's = life-years.
*Results based on 10000 model simulations.

Percent calculated as share of column total, by source and total INHB.
*Total INHB equals the sum of type 2 diabetes treatment benefit (LY's) and
reduction in CV events (LYs).

© 2014 The Authors. Pharmacoepidemiology and Drug Safety published

by John Wiley & Sons, Ltd.

Sensitivity analysis

One-way analysis. Results were robust to all one-way
sensitivity analyses (see Table 5 for INHB and number
of CV events per investigated drug and total). All
sensitivity analyses resulted in (i) reductions in INHB
per investigated drug and in total, and (ii) reductions in
CV events per investigated drug and in total. The
lowest predicted reduction in LYs per investigated
drug was —3716 (for a quarter year delay to market);
the lowest predicted reduction in LYs resulted in the
extended useful life of investigation drugs (—1.13
million LYs), and no one-way sensitivity analyses
came close to predicting an increase in INHB in the
policy comparison.

Reducing the clinical benefit of HbAlc improve-
ment by 25% (to 0.038 LYs over 10years) reduced
the impact of the December guidance to —1.34 million
LYs. Accordingly, the benefit of HbAlc improve-
ment would need to be considerably lower than
0.038 LYs over 10years for the CV event risk
reduction to outweigh the foregone survival benefits
of control.

Model results were also robust to alternative CV risk
assumptions. Increasing the share of investigational
drugs with elevated CV risk by 50% (to 6.63%)
decreased total INHB only slightly to —1.76 million
LYs, and decreasing number of CV events by 7186
instead of 7064. If the average elevated risk was 1.43
(vs. 1.30), total INHB decreased to —1.78 million.
The number of CV events avoided actually de-
creases in this scenario to 6300 given earlier detec-
tion in the February 2008 standard for drugs of this
risk profile.

Table 5 presents additional absolute changes in
INHB and number of CV events for one-way sensitiv-
ity analyses exploring parameter uncertainty. In all
cases, the December 2008 guidance reduced INHB
of diabetes patients even though it reduced CV events.

Scenario analysis. Expanded use of post-marketing
surveillance could provide reductions in CV events
without accompanying reductions in health benefit.
Tripling participation in required surveillance programs
under the February 2008 draft guidance achieved up to a
41.6% reduction in CV events provided by the safety
requirements in the December 2008 guidance (see
Table 6) without adverse health impacts from delay to
market or reduced incentives to innovate.

Model results are robust to relaxing the fixed
research budget assumption. If, as an extreme scenario,
one assumed budgets increased to avoid any impact on

Pharmacoepidemiology and Drug Safety, 2014; 23: 268-277
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Table 5. Sensitivity analyses, absolute differences between December 2008 guidance and February 2008 standard*

Incremental net health benefit (LY's) CV events

Parameter Sensitivity range Per investigated drug Total Per investigated drug Total
Base case —7304 —1802243 —180 —7064
Treatment benefit (base case =0.05 LYs from 0.5% HbA lc improvement)

Low case —25% (0.038 LYs) —5256 —1343449 —180 —6988

High case +25% (0.063 LYs) —9347 —2261075 —184 —7186
Drugs with elevated CV risk (base case =4.42%)

Low case —25% (3.32%) —7386 —1822626 —184 —7186

High case +50% (6.63%) —7132 —1760 649 —220 —7856
Post-marketing registry share (base case =0.065%)

Low case —25% (0.049%) —7275 —1801392 —203 —7649

High case +25% (0.081%) —7318 —1802338 —172 —6885
Useful life on market (base case =20 years per approved drug)

Low case 15 years —7301 —2383454 —184 —9504

High case 25 years —7301 —1127864 —184 —4498
Annual rate of drugs entering Phase III (base case =2.20 drugs/year)

Low case 1.80 drugs/year —7301 —1474337 —184 —5879

High case 2.60 drugs/year —7301 —2129598 —184 —8492
Delay to market—December 2008 standard (base case =0.50 years)

Low case 0.25 years —3716 —1751310 —178 —7094

High case 1.50 years —21353 —2000491 —209 —7544
Phase III per patient cost ($)—February 2008 standard (base case =37 840)

Low case 28380 —7301 —1578 848 —184 —6757

High case 47300 —7301 —1973032 —184 —7514
Average CV RRR of drugs with elevated risk (base case=1.30)

Low case 1.13 CV RRR —7508 —1839541 -97 —2696

High case 1.43 CV RRR —7051 —1781604 —233 —6300
Size of treated population (base case = 1.33 million/year)

Low case 1.00 million/year —5456 —1350944 —152 —5736

High case 1.67 million/year —9144 —2251853 —215 —8602

CV = cardiovascular; LYs =life-years; RRR =relative risk ratio.
*Results based on 10000 model simulations per sensitivity analysis.

Table 6. Impact of increasing post-marketing surveillance requirements
under the February 2008 draft guidance*

Incremental CV events avoided

Relative to 3602 CV events
avoided due to increased
No. likelihood of detection” (%)

Double participation in post- 1042 28.8
marketing surveillance
Triple participation in post- 1508 41.6

marketing surveillance

CV = cardiovascular.

*Results based on 10000 simulations for each post-marketing surveillance
participation rate.

"The increased safety requirements associated with the December 2008
guidance reduced CV events by 3602, 51% of the total reduction in CV
events (7064).

the number of drugs developed for diabetes, the
December 2008 guidance results in a decrease in
INHB of 160000 LYs (the combined impact of im-
proved safety and negative impact of delayed access;
see Table 4).

© 2014 The Authors. Pharmacoepidemiology and Drug Safety published

by John Wiley & Sons, Ltd.

DISCUSSION

Given safety concerns associated with rosiglitazone, '°
the FDA increased the evidentiary requirements for
approving new diabetes therapies in 2008. Longer
and larger trials with more high-risk patients are
required. These stricter requirements should lead to
earlier detection of drugs with elevated CV risk,
reducing the likelihood of marketing approval and wide-
spread adoption. These requirements also raise develop-
ment cost for new diabetes therapies, lowering the return
to manufacturers and likely leading to fewer new
molecular entities reaching the market. The question is
whether the evidence standard provides an appropriate
balance of benefits and costs for diabetes patients.

We evaluated these trade-offs by constructing a
decision analysis model for representative new diabetes
therapies using health benefits and risks measured in
terms of expected LYs and compared the December
2008 guidance for developing type 2 diabetes agents
with the February 2008 draft guidance (a guidance

Pharmacoepidemiology and Drug Safety, 2014; 23: 268-277
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that itself required additional evidence compared with
the status quo). Using the illustrative case of investi-
gational agents with minimum clinically meaningful
effectiveness, some of which had elevated CV risk,
we found that (i) the December 2008 guidance effec-
tively reduced CV events but with modest survival
benefit because few drugs that have elevated CV risk
reach Phase III; (ii) foregone treatment benefits from
delayed approval exceed survival benefits from
improved safety (INHB is negative); and (iii) INHB
is substantially worsened when considering budget
and/or incentive implications of the additional clinical
development costs.

Our findings suggest that focusing solely on reducing
CV risk may not benefit diabetes patients overall. This
study shows that losses from discouraging or delaying
effective drugs without elevated CV risk may outweigh
gains from the increased likelihood of early identification
of drugs with elevated CV risk, an issue that was raised
in a recent FDA Advisory Committee meeting.>>

Other options, including increased use of post-
approval controlled trials or observational data
collection, or other means to balance risk and benefit
might prove preferable. The recent FDA Advisory
Committee vote to recommend approval of the long-
lasting insulin degludec, but require a CV outcomes
trial post-approval, is consistent with this alternative
approach.>* The analyses presented here highlight the
need for more rigor in assessing both pre-approval
benefit-risk trade-offs and post-marketing data.

Our model is limited by data availability, requiring
assumptions for model inputs from multiple sources.
We assume constant treatment effectiveness equal to
the minimum clinically meaningful result and explore
the importance of this parameter in sensitivity analy-
ses. Future clinical assumptions are inherent in the
model: we assume no improvement in pre-diabetes
medication, no improvement in treatments for CV
events, and no impact of changing population charac-
teristics. Similarly, we apply averages from historical
clinical studies to the potentially changing population
without explicit modeling of patient heterogeneity.
Although we perform extensive sensitivity analyses
for these parameters, model results remain dependent
on these assumptions.

The findings from our analyses complement those of
previous studies,?®?? which report “substantial nega-
tive economic effects” from increased pre-approval
requirements, particularly those increasing the length
of pre-approval clinical trials.??> Sizable increases in
post-approval safety evaluation were much less
detrimental.?® These studies noted, however, that pre-
approval and post-approval data collections were not

© 2014 The Authors. Pharmacoepidemiology and Drug Safety published
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perfect substitutes and that there was a key benefit—
risk determination to be made, particularly in the case
of potentially fatal events. In analysis of the effects of
requiring larger pre-approval safety databases, the
studies note that an increase from 2000 to 4000
patients was cost-effective in a rofecoxib-like example
but an increase to 8000 was not. These studies did not,
however, consider relative risks as low as those
covered by the December 2008 guidance, assumed
little effective post-marketing surveillance, and did
not consider the impact of increased testing on either
the number or timing of drug approvals, in contrast
to the analyses presented here.

Model findings may not represent the full impact of
policy changes on the health of patients in the USA
because of effects on other parties. Our model
assumed fixed total research budgets for diabetes
therapies, but pharmaceutical and biotechnology
companies may substitute away from investments in
diabetes to other areas because of the altered return
on investment, potentially leading to more therapies
reaching market for other diseases. Alternatively, they
might continue to invest in diabetes but focus their
efforts on drugs that are likely to have greater CV
benefit (e.g., ancillary benefit for hypertension),
making it easier to achieve the risk thresholds and
providing additional valued properties.

This paper introduces a structured, quantitative
health outcomes model to assess the benefit—risk
trade-offs of a change in healthcare policy. Although
views may differ regarding the assumptions used for
the example studied herein, sensitivity analyses and
conservative assumptions indicate a degree of robust-
ness for our findings. We believe that it is critical to
model all key potential benefits and risks of a policy
decision, including direct benefits or losses from the
change and indirect effects that may occur because of
the change. Only in this context can a potential choice
be compared with alternatives in order to understand
the likely outcomes of a major policy change.
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KEY POINTS

® Quantitative analysis of impacts of major regula-
tory changes should incorporate all proximate
benefits and costs to evaluate impact on population
health, measured in the common survival measure
of life-years.

® We applied the INHB approach to evaluate the
impact of FDA guidance requiring increased
pre-approval safety data on CV risks of investi-
gational diabetes drugs.

® Model estimates indicate that although the final
FDA guidance from December 2008 reduced
CV risks among the diabetes population, the
INHB was negative.

® Foregone treatment benefits from improved
HbAlc control from delayed drug availability
or reduced drug research significantly exceeded
the survival benefits from the increased safety
requirements.

® Quantitative analysis of treatment benefits can be
incorporated into decision making.
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