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General Assumption

» Hypothesis tested usually address an
overall or ‘average’ treatment effect in
the study population

* No assumption of homogeneity of
effect across subgroups



The Challenge




Subgroup Analyses -
Pervasive in Clinical Trials

e Positive trial

— To characterize patients who benefit
from the therapy vs. those who may not

e Negative trial

— To identify at least some patients with
treatment benefit



Positive Trial: ENZAMET
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No. at Risk

Enzalutamide 563 558 541 527 480 340 189 106 45
Standard care 562 551 531 501 452 311 174 86 32

Davis et al, NEJM 2019



Positive Trial: ENZAMET

P Value for Adjusted

Subgroup Enzalutamide Standard Care Hazard Ratio (95% Cl) Interaction P Value
no. of events/total no.

All patients 102/563 143/562 —?— 0.67 (0.52-0.86)

Volume of disease i 0.04 0.14
Low 22272 46/265 — 0.43 (0.26-0.72)
High 80/291 97/297 == 0.80 (0.59-1.07)

Early docetaxel planned ) 0.04 0.14
Yes 52/254 55/249 —— 0.90 (0.62-1.31)
No 50/309 88/313 — 0.53 (0.37-0.75)

ACE-27 score i 0.73 0.81
20r3 31/141 42/143 —_— 0.73 (0.46-1.16)
Oor1 717422 101/419 == 0.65 (0.48-0.88)

Antiresorptive therapy E 0.006 0.06
Yes 17/55 11/58 P 177 (083-3.77)
No 85/508 132/504 —— 0.59 (0.45-0.77)

Region | 0.25 0.42
Ireland and United Kingdom 22/102 22/93 —E—O— 1.04 (0.57-1.88)
North America 21/117 31/129 — 0.72 (0.41-1.25)
Australia and New Zealand 59/344 90/340 —ﬁé— 0.58 (0.42-0.81)

Gleason score | 0.66 0.81
=7 13/152 23/163 — 0.59 (0.30-1.16)
8to 10 66/335 84/321 B 0.70 (0.50-0.96)

ECOG performance status i 0.96 0.96
lor2 44/158 59/157 —_— 0.66 (0.45-0.98)
0 58/405 84/405 - 0.66 (0.47-0.92)

Age i 0.16 0.33
=70 yr 47/257 79/257 = 0.56 (0.39-0.81)
<70yr 55/306 64/305 — 0.81 (0.56-1.15)

Visceral metastases E 0.16 0.33
Yes 18/62 18/67 —_— 1.05 (0.54-2.02)
No 84/501 125/495 — 0.62 (0.47-0.82)

Previous local treatment i 0.72 0.81
Yes 39/238 49/235 — 0.72 (0.47-1.09)
No 63/325 94/327 = 0.65 (0.47-0.89)

R i
0.2 06 1.0 20

Enzalutamide Better Standard Care Better

Davis et al, NEJM 2019



Negative Trial: PROSTVAC
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Gulley et al, JCO 2019



Negative Trial: PROSTVAC

Subgroup
- All patients
ECOG
0
1-2
Alkaline Phosphatase
: <= 83.7 (U/L)
> 83.7 (U/L)
Hemoglobin
: <= 132 (g/L)
> 132 (g/L)
PSA

<= 24.95 (ng/mL)
> 24.95 (ng/mL)

ArmV

ArmP

No. of Events/No. of Subjects (%)

252/432 (58.3%)

163/310 (52.6%)
89/121 (73.6%)

119/234 (50.9%)
133/198 (67.2%)

148/232 (63.8%)
103/198 (52.0%)

94/217 (43.3%)
158/215 (73.5%)

248/433 (57.3%)

179/330 (54.2%)
69/103 (67.0%)

102/213 (47.9%)
146/220 (66.4%)

131/224 (58.5%)
116/207 (56.0%)

98/210 (46.7%)
150/223 (67.3%)

Hazard Ratio (95% CI)

1.0058 (0.8433.

0.9138 (0.7383,
1.2352 (0.9006,

1.0550 (0.8079,
1.0022 (0.7912,

1.1916 (0.9409,
0.8263 (0.6333,

0.8686 (0.6540,

1.0929 (0.8738
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p-value

0.1211

0.7786

0.0435

0.2132

- Age
: <=71 Years
> 71 Years

112/219 (51.1%)
140/213 (65.7%)

129/220 (58.6%)
119/213 (55.9%)

0.7360 (0.5702,
1.3761 (1.0760,

0.9500)

1

.7598)

0.0006

- Stage
: Stage | and 11
Stage IlI
Stage IV
Baseline Gleason Score
<=8
>8
HLA-A2
Negative
Positive
Neutrophil to Leukocyte Ratio
: <= 63 (%)
> 63 (%)
Site of Metastasis
B (bone)
L (Lymph nodes)
Visceral Metastasis

Gulley et al, JCO 2019

46/84 (54.8%)
45/78 (57.7%)
101/175 (57.7%)

164/290 (56.6%)
70/121 (57.9%)

114/190 (60.0%)
114/200 (57.0%)

120/230 (52.2%)
131/200 (65.5%)

192/320 (60.0%)
32/62 (51.6%)
25/41 (61.0%)

50/86 (58.1%)
44/72 (61.1%)
106/189 (56.1%)

145/277 (52.3%)
84/135 (62.2%)

111/203 (54.7%)
106/183 (57.9%)

110/213 (51.6%)
137/218 (62.8%)

187/326 (57.4%)
37/69 (53.6%)
24/36 (66.7%)
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Warning: Subgroup Analysis

* A machine for producing false negative
and false positive results.



1. Type | Error Rate

Type | error rate
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k=5, probability is 0.23 that one comparison p-value <0.05
k=10, probability is 0.40 at least one comparison p-value <0.05




Positive Trial: ENZAMET

P Value for Adjusted
Subgroup Enzalutamide Standard Care Hazard Ratio (95% Cl) Interaction P Value
no. of events/total no.

All patients 102/563 143/562 == 0.67 (0.52-0.86)
Volume of disease i

Low 22/272 46/265 —_— 0.43 (0.26-0.72)

High 80/291 97/297 == 0.80 (0.59-1.07)
Early docetaxel planned !

Yes 52/254 55/249 = 0.90 (0.62-1.31)

No 50/309 88/313 - 0.53 (0.37-0.75)
ACE-27 score i

2or3 317141 42/143 —_— 0.73 (0.46-1.16)

Oorl 71/422 101/419 == 0.65 (0.48-0.88)
Antiresorptive therapy .

Yes 17/55 11/58 | —4—=—— 1.77 (0.83-3.77)

No 85/508 132/504 = 0.59 (0.45-0.77)
Region '

Ireland and United Kingdom 22/102 22/93 —e—.— 1.04 (0.57-1.88)

North America 21/117 31/129 —_— 0.72 (0.41-1.25)

Australia and New Zealand 59/344 90/340 —.I— 0.58 (0.42-0.81)
Gleason score i

=7 13/152 23/163 _ 0.59 (0.30-1.16)

8o 10 66/335 84/321 — 0.70 (0.50-0.96)
ECOG performance status i

lor2 44/158 59/157 —= 0.66 (0.45-0.98)

0 58/405 84/405 - 0.66 (0.47-0.92)
Age i

=70yr 47257 79/257 - 0.56 (0.39-0.81)

<70yr 55/306 64/305 —— 0.81 (0.56-1.15)
Visceral metastases |

Yes 18/62 18/67 —_— 1.05 (0.54-2.02)

No 84/501 125/485 — 062 (0.47-0.82)
Previous local treatment i

Yes 39/238 49/235 — 0.72 (0.47-1.09)

No 63/325 94/327 # 0.65 (0.47-0.89)

—
0.2 0.6 1.0 20
-
Enzalutamide Better Standard Care Better

Davis et al, NEJM 2019



2. Power Is An Issue
Don’t Be Misled

Ratio of Subgroup Power (90%) Power
Events/ Total Events (85%)

1 0.90 0.85
0.75 0.83 0.74
0.50 0.63 0.56
0.40 0.54 0.47

0.30 0.43 0.37

Hazard ratio=0.75



3. A Mistake to Avoid

* An incorrect inference that a
subgroup effect is present based
on separate tests of treatment
effects within each level of the
characteristic of interest, that is,
to compare one significant and
one non-significant p-value




Subgroup Analyses

P-value for interaction

NMonths



Criteria to Assess Credibility
of Subgroup Analyses
« Can chance explain the apparent
subgroup effect?
* |s treatment effect consistent?

* \Was the subgroup hypothesis one of a
small number of hypotheses developed

a-priori with direction specified?



Criteria to Assess Credibility
of Subgroup Analyses

* |Is there strong preexisting biological
support?

* |Is the evidence supporting the effect
based on within- or between-study

comparisons?



Positive Trial: ENZAMET

P Value for Adjusted

Subgroup Enzalutamide Standard Care Hazard Ratio (95% Cl) Interaction P Value
no. of events/total no.

All patients 102/563 143/562 —?— 0.67 (0.52-0.86)

Volume of disease i 0.04 0.14
Low 22272 46/265 — 0.43 (0.26-0.72)
High 80/291 97/297 == 0.80 (0.59-1.07)

Early docetaxel planned ) 0.04 0.14
Yes 52/254 55/249 —— 0.90 (0.62-1.31)
No 50/309 88/313 — 0.53 (0.37-0.75)

ACE-27 score i 0.73 0.81
20r3 31/141 42/143 —_— 0.73 (0.46-1.16)
Oor1 717422 101/419 == 0.65 (0.48-0.88)

Antiresorptive therapy E 0.006 0.06
Yes 17/55 11/58 P 177 (083-3.77)
No 85/508 132/504 —— 0.59 (0.45-0.77)

Region | 0.25 0.42
Ireland and United Kingdom 22/102 22/93 —E—O— 1.04 (0.57-1.88)
North America 21/117 31/129 — 0.72 (0.41-1.25)
Australia and New Zealand 59/344 90/340 —ﬁé— 0.58 (0.42-0.81)

Gleason score | 0.66 0.81
=7 13/152 23/163 — 0.59 (0.30-1.16)
8to 10 66/335 84/321 B 0.70 (0.50-0.96)

ECOG performance status i 0.96 0.96
lor2 44/158 59/157 —_— 0.66 (0.45-0.98)
0 58/405 84/405 - 0.66 (0.47-0.92)

Age i 0.16 0.33
=70 yr 47/257 79/257 = 0.56 (0.39-0.81)
<70yr 55/306 64/305 — 0.81 (0.56-1.15)

Visceral metastases E 0.16 0.33
Yes 18/62 18/67 —_— 1.05 (0.54-2.02)
No 84/501 125/495 — 0.62 (0.47-0.82)

Previous local treatment i 0.72 0.81
Yes 39/238 49/235 — 0.72 (0.47-1.09)
No 63/325 94/327 = 0.65 (0.47-0.89)

R i
0.2 06 1.0 20

Enzalutamide Better Standard Care Better

Davis et al, NEJM 2019



Negative Trial: PROSTVAC

Subgroup
- All patients
ECOG
0
1-2
Alkaline Phosphatase
: <= 83.7 (U/L)
> 83.7 (U/L)
Hemoglobin
: <= 132 (g/L)
> 132 (g/L)
PSA

<= 24.95 (ng/mL)
> 24.95 (ng/mL)

ArmV

ArmP

No. of Events/No. of Subjects (%)

252/432 (58.3%)

163/310 (52.6%)
89/121 (73.6%)

119/234 (50.9%)
133/198 (67.2%)

148/232 (63.8%)
103/198 (52.0%)

94/217 (43.3%)
158/215 (73.5%)

248/433 (57.3%)

179/330 (54.2%)
69/103 (67.0%)

102/213 (47.9%)
146/220 (66.4%)

131/224 (58.5%)
116/207 (56.0%)

98/210 (46.7%)
150/223 (67.3%)

Hazard Ratio (95% CI)

1.0058 (0.8433.

0.9138 (0.7383,
1.2352 (0.9006,

1.0550 (0.8079,
1.0022 (0.7912,

1.1916 (0.9409,
0.8263 (0.6333,

0.8686 (0.6540,

1.0929 (0.8738
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0.0435

0.2132

- Age
: <=71 Years
> 71 Years

112/219 (51.1%)
140/213 (65.7%)

129/220 (58.6%)
119/213 (55.9%)

0.7360 (0.5702,
1.3761 (1.0760,

0.9500)

1

.7598)

0.0006

- Stage
: Stage | and 11
Stage IlI
Stage IV
Baseline Gleason Score
<=8
>8
HLA-A2
Negative
Positive
Neutrophil to Leukocyte Ratio
: <= 63 (%)
> 63 (%)
Site of Metastasis
B (bone)
L (Lymph nodes)
Visceral Metastasis

Gulley et al, JCO 2019

46/84 (54.8%)
45/78 (57.7%)
101/175 (57.7%)

164/290 (56.6%)
70/121 (57.9%)

114/190 (60.0%)
114/200 (57.0%)

120/230 (52.2%)
131/200 (65.5%)

192/320 (60.0%)
32/62 (51.6%)
25/41 (61.0%)

50/86 (58.1%)
44/72 (61.1%)
106/189 (56.1%)

145/277 (52.3%)
84/135 (62.2%)

111/203 (54.7%)
106/183 (57.9%)

110/213 (51.6%)
137/218 (62.8%)

187/326 (57.4%)
37/69 (53.6%)
24/36 (66.7%)
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Level Of Evidence

Pre-specified
subgroups

A-Priori Designed

Treatment-Subgroup Interaction



Safeguards: Design and Analysis
Phase

» Clear description of hypothesis: direction
* Limit number of subgroup testing

« Statistical test of treatment-subgroup
interaction

* Subgroup a stratification variable



Safeguards: Interpretation

* Greater emphasis on the overall result than a
subgroup

* test of treatment-subgroup interaction rather
than treatment effect within subgroups

* |nterpret the results in the context of other trials
principles of biological rationale and coherence



Conclusion

e Best statistical design
- Answer primary question
- Feasible

e Planning is key
-Avoid “statistical sins”

e Pre-specified subgroup is better than post-
hoc



Conclusion

e Larger studies are needed for treatment-
subgroup interaction

e Meta-analysis plays critical role



A Final Note

“Rather than reporting isolated P values,
articles should include effect sizes and
uncertai nty metrics.” Wamserstein B, American Satistican 2016
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