Population Differences
Case Examples: Lessons
from Past Trials

Robert Temple, MD
Deputy Center Director for Clinical Science
Center for Drug Evaluation and Research

Food and Drug Administration

Trial Diversity Workshop
Dec 2, 2015



Clin Pharm (PK and PD)
Usually Explains Differences, but

- Not always
- You may not have looked at the right PD

- How much PK difference makes a clinical difference?

So, 1t 1s always good to look for subset differences (but don’t always
believe them).

I will show a number of cases, divided as

- Pure PK — blood level alone tells you.

- PK/PD - might not have appreciated the impact of small PK
differences (steep C/R relationship).

- PD (genetics, pathophysiology).

- Unpredictable — illustrates why you should always look.



Pure PK

We routinely adjust doses for alterations in renal function
(reducing dose in people with reduced function, but see
NOACG:s later) and for drug-drug interactions (2D6 inhibitors
increase tricyclic blood levels by 8-fold).

We generally ignore small blood level differences (but that 1s
because most D/R and C/R relationships are relatively flat in
the therapeutic range).

For toxic drugs (or maybe more broadly for drugs we know
have steep D/R curves for effect and/or toxicity (cytotoxic
oncology drugs) we often dose by weight.



PK/PD

It is not always easy to know what effect small PK differences will have,
e.g., we don’t usually adjust dose for smaller size (gender), age-related
falls in renal function, but in some cases small differences do matter.

- We know a variety of factors (genetic, food, drugs) affect
warfarin blood levels, and we do worry about small changes;
fortunately we have a good and easy way to measure the anti-
coagulant etfect, INR, so we monitor that.

- For hypnotics, we know size and renal function can atfect blood
levels (elderly tend to get higher levels and have often had lower
recommended doses) although for Halcyon there was also a PD
difference — the SAME blood levels caused more dizziness, etc.

in older patients.
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PK/PD (cont)

For zolpidem, although we knew the same 10 mg dose would
otve higher average blood levels in women (smaller), there were
no apparent differences in S or E, but a more sensitive PD
marker led to lowering the dose.

We found that women were more likely than men to have
morning blood levels high enough to impair driving performance,
a realization made possible by a study that linked impairment on
a driving test to blood levels over a certain threshold.

So, getting the right and very sensitive PD marker was crucial to
realizing that the dose needed to be reduced in women.

- Amlodipine had far more cases of fluid retention in women given

the 10 mg dose, presumably reflecting greater blood levels.
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PK/PD (cont)

- For the NOAC:s, or at least dabigatran and edoxaban, we have
extremely good data relating trough blood levels to the two
critical endpoints when NOACs are used to treat AF

— thromboembolic stroke

- serious bleeding

We knew that blood levels (translated into INR) corresponded to
stroke rates and both intracranial and overall bleeding for warfarin.
There 1s a “sweet spot” of INR 2-3 that optimizes stroke effect
without too much bleeding. So the highly variable PK is really
managed by assessing a relevant PD effect.






PK/PD (cont)

NOACs (cont)

For dabigatran we saw, as for warfarin, that there was a threshold
level for optimal stroke effect, about 75-150 ng/ml, with relatively
little bleeding. This was clear from the clinical trial RE-LY, where
the small difference between 150 mg and 110 mg had a marked
effect (28% reduction) on stroke rate because it put almost
everyone into the right concentration range. On the other hand,
some people on 150 mg have blood levels greater than needed for
optimal stroke reduction, at a cost of bleeding. And there is not
yet any equivalent of an INR. It seems possible that measuring
trough dabigatran levels could allow appropriate adjustment.



_— . DE150mgBID

-
N

— 88— DE 110 mg BID

-
o

(=]
S,
>
s
Kol
(1]
0
(@]
| =
o
e
o
(]
>
L

Major Bleeding
Ischemic Stroke/SEE

50 100 150 200 250
Dabigatran Trough Conc. Steady-State [ng/mL]




PK/PD (cont)

NOAC’s (cont)

The most recent NOAC, edoxaban, revealed substantial differences in
effect with dose but, in addition, based on renal function, with stroke
rates greater than warfarin if CtCl was > 95 ml/min. The drug was not
approved for the patients with C+Cl > 95 ml/min. Moreover, the best
results on ischemic stroke were in patients with mild renal impairment
(CrCl 50-80). The controlled trial thus showed a striking relationship

between renal function and outcome.

This 1s still clearer in the relationship of trough levels to stroke rate
(PK/PD), which is similar in people over the full range of renal

function.
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PK/PD (cont)

ER: Ischemic Stroﬂk}

CrCL 280
mL/min

Ischemic stroke
60mg(30mg DoseAd;.) iTB

Incidence Rate (Fatent/Year, %)

CrCL 50-80

Clgough ¢\ centration (ng/ml)

10

014

Inzicence Ratz (r’atﬁnt’a’en r, %)

ar, %)

o -
20

-4

Y
>
=
©
2
=
Q
“—
©
o
~—
[©
]
©
o
O,
(]
=
[
o
o
=

Irc/dzncze Rate (Patie

40 60 80

0 2 0 ] 2 €0

Edoxaban Trough Concentration (ng/ml) Edcxaban Trough Concentration (ng/m!)
CrCL 30-50 mL/min

Source: NOAC Presentation by Jeffry Florian




PK/PD (cont)

NOAC:Ss (cont)

One’s first thought is that even a simple blood level of edoxaban could
lead to a substantial outcome improvement, although we recognize that
desirability of not having to monitor anticoagulants and the NOACs at
single doses (same reduced for low renal function) do as well as
warfarin, with less hemorrhagic stroke. A single drug blood level
measurement might nonetheless be acceptable. A more intriguing
possibility, however, 1s that adjustment of dose renal function might
get almost everyone into the right range.

We are actively pursuing this possibility and it seems likely we can place
a very large fraction of people into the “sweet spot” by adjusting dose

for renal function.
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Pharmacodynamic

- Growing fast, genetic factors that determine response of a
tumor, of a hepatitis C strain, or of a subset of cystic fibrosis
patients.

You will hear about all these. Similar in some ways to antibiotic
Sensitivity.

Classic case was high and low renin hypertension, with former
responding very well to ACEIs, ARBs, and BBs, the latter
responding minimally. In this case we understood the reasons
for the difference.
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PD, But Not Fully Understood

The tirst rule of everything is

You’re almost never quite smart enough

There are therefore cases of population differences where the
differences surprise us. They are presumably PD-related, but not
for reasons we know (at least not yet). A few illustrations:

- Angioedema appears to be more common in blacks than whites
but the increase in risk of angioedema from ACEISs 1s also greater

in blacks. Reichman, et al recently reported this for the Medicare
population.

- Alosetron, a drug for diarrhea — predominant IBS appeared to be
effective only in women and was approved only for women.
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PD, But Not Fully Understood

- Ticagrelor

In the PLATO study of ticagrelor, early analyses
showed an effect on CV mortality and non-fatal MI,

in all regions but the US. This was shown to result
from the use of higher aspirin doses in the US in about
50% of patients vs 7% elsewhere and ticagrelor’s effect
was reduced in people receiving higher dose aspirin.
Corrected for ASA dose, results were similar in the US
and elsewhere. The reason for the aspirin effect is not
known, but the case illustrates how important it can be
to examine subsets for possible differences.
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Characteristics

Overall Treatment Effect
Primary Endpoint (100%)

Geographic region
US (8%)

Outside US (92%)

ASA by median dose
>=300 (5%)
>100 - <300 (6%)
<=100 (83%)

Planned Treatment Approach
Invasive treatment (72%)
Medical treatment (28%)

Early PCI (<24 hours after randomization)
No (50%)

Yes (50%)

Patients undergoing CABG after randomization
No (90%)

Yes (10%)

Diabetes History
No (75%)

Yes (25%)

Prior TIA/Stroke
No (94%)

Yes (6%)

Glycoprotein 1ib/lla Inhibitor
No (73%)

Yes (27%)

Age Group
<65 years (57%)
>=65 years (43%)
<75 years (85%)
>=75 years (15%)

Sex
Male (72%)

Female (28%)

Race
Caucasian (92%)

Black (1%)

HR (95% ClI)

Ticagrelor
/N (%/yr)

Clopidogrel
n/N (%l/yr)

864/9333 (11.07) 1014/9291 (13.06)

84/707 (13.89)
780/8626 (10.83)

68/464 (17.77)
64/525 (15.14)
565/7733 (8.59)

569/6732 (10.09)
295/2601 (13.63)

515/4704 (13.27)
349/4629 (8.89)

724/8402 (10.31)
140/931 (17.89)

555/7007 (9.41)
309/2326 (16.21)

764/8762 (10.41)
100/564 (21.62)

625/6811 (11.00)
239/2522 (11.26)

360/5310 (7.98)
503/4022 (15.26)
641/7936 (9.59)
222/1396 (19.84)

586/6678 (10.48)
278/2655 (12.56)

769/8566 (10.71)

Asian (6%)
Other (1%)

14/115 (15.11)
66/542 (14.68)

15/109 (17.68)

Ticagrelor Better

T
0 20 4.0

1

Placebo Better

Source: Alison Blaus et al. Circulation. 2015;132:1425-1432

67/706 (11.05)
947/8585 (13.23)

50/492 (12.31)
65/527 (15.26)
723/7706 (11.08)

668/6676 (11.93)
346/2615 (16.00)

607/4666 (15.88)
407/4625 (10.33)

852/8323 (12.23)
162/968 (20.29)

664/6955 (11.35)
350/2336 (18.31)

899/8700 (12.32)
115/588 (25.01)

746/6751 (13.30)
268/2540 (12.44)

427/5333 (9.36)
587/3957 (18.34)
763/7808 (11.58)
251/1482 (21.39)

686/6658 (12.27)
328/2633 (15.10)

893/8511 (12.51)
21/114 (24.00)
77/554 (16.94)
231112 (28.37)

HR (95% ClI)

0.84 (0.77.0.92)

1.27 (0.92, 1.75)
0.81(0.74, 0.90)

1.45(1.01,2.09)
0.99 (0.70, 1.40)
0.77 (0.69, 0.86)

0.84 (0.75,0.94)
0.85(0.73. 1.00)

0.84 (0.74,0.94)
0.85 (0.74, 0.98)

0.84 (0.76,0.93)
0.89 (0.71, 1.12)

0.83 (0.74,0.92)
0.88 (0.76, 1.03)

0.84 (0.76, 0.93)
0.87 (0.66, 1.13)

0.82(0.74,0.92)
0.90 (0.76. 1.07)

0.85(0.74,0.97)
0.83(0.74,0.94)
0.82(0.74,0.91)
0.94 (0.78, 1.12)

0.85(0.76, 0.95)
0.83(0.71,0.97)

0.85(0.77.0.94)
0.63 (0.32, 1.23)
0.87 (0.62, 1.21)
0.63 (0.33, 1.21)




PD, But Not Fully Understood

- BiDil
Two early VA studies in CHF strongly

suggested that there was a response (a strong
one) to BiDil only in self-identified blacks.
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There actually was reasonably persuasive evidence that the effect of BiDil
in whites was small, at best. There were two previous studies, V-HeFT 1
and 2, that pretty convincingly showed, at best, a much smaller effect in
whites.

Overall (459)  |Blacks (128) Whites (324) =
BiDil  Plbo |BiDil Plbo |BiDil Plbo | =
Annualized 9.7%  17.3% |16.9%  18.8% | ~
mortality
RR 0.73 0.34 0.75
E P 0.09 0.004 0.11
w2 Overall (804) |Blacks (215) Whites (574) <
BiDil Enal |[BiDil Enal |BiDil Enal | &
Annualized 12.0%  12.8%14.9%  11.0%] ™~
mortality
RR 1.23 0.95 1.48
P 0.08 0.83 0.009
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PD, But Not Fully Understood

We therefore allowed a trial in ONLY self-identified blacks, with
quite spectacular results.

BiDil Placebo Risk
N=518 N=532 | Reduction

All Cause . . 43%
Morality | 027 102% | 0012
First CHF 39%
16.49 24.4°
Hosp™n 0470 oAk (p=0.001)

As noted, we don’t know why BiDil is more effective in blacks,
but it clearly seems to be the case.

19



Conclusion

There are enough cases of subset differences to suggest that
it 1s always worth looking at subsets.

But, of course, be careful in reading conclusions (impact of
zodiacal signs in ISIS I).

It 1s now SOP to do forest plots of any outcome study and
they are often included in labeling. Our regulations call for

analyses of effectiveness and safety results by age, sex, race,
and other characteristics of interest.
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