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Origins/Background

- Pharmacoepidemiology
- Dose response studies

- Bias in Epi studies
- Allocation
 Immortal time
- Detection time

- Time varying covariates



Sanofi drug may increase cancer risk,
studies find

BY BEN HIRSCHLER
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Logo of the French drugs group Sanofi Aventiz company seen at the sharehclders meeting in Pariz in
this file photo from April 17, 2004q.

RELATEQ TGP S (Reuters) - Sanofi-Aventis's diabetes drug Lantus may increasel

Healin » the risk of cancer, according to European studies involving so:
300,000 insulin-treated patients, prompting a call from e

for more research.

The European Association for the Study of Diabetes (EASD), which released details online|
four studies from its journal Diabetologia, said they were "far from conclusive but they do
indicate the need for further investigation of this issue.”

The new research was released after mounting speculation that damaging data was abou
to be published over a cancer link with Sanofi's modern long-acting insulin analog, sinkin|
the the French drugmaker's share price by 12.3 percent in two days.

Lantus, which sold 2.45 billion euros (2.1 billion pounds) in 2008, is a key driver for Sano:
as top drugs like Plavix and Lovenox face the threat of generic competition. Analysts have
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Diabetes pill beats cancer...and
costs just 2p a day

A DIABETES pill that costs just 2p a day could prevent thousands dying from Britain's
biggest cancer killers every year.
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Metformin is already taken by millions of diabetes patients

The drug, already taken by millions of patients to control blood sugar levels, is thought to be
capable of starving some cancer cells to death.

New research suggests it can slash the risk of developing liver cancer by an astonishing 78
per cent, breast cancer by a third, pancreatic cancer by 46 per cent and bowel cancer by




Use of observational studies vs clinical trials
Risks (as well as benefits) associated with a specific drug
depend on the dose, duration & timing of treatment
Rare outcomes
Models need to be specified correctly to avoid confounding and
allocation bias

Q: Why not use propensity scores? Or extend to

marginal structural models?

Unmeasured confounding
Data availability/model assumptions



Human Insulin Therapy Is Associated With an Increased Risk of Lung Cancer: A
Population-Based Retrospective Cohort Study (single author)
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Exposure to Case number Incident % Person-years Incidence rate (per Adjusted 95% Confidence
human insulin lung cancer 100,000 person-years) hazard ratio interval

Never-users 850,897 13,677 4,361,227.25 313.60 1.000

Ever-users 156,720 3,007 708,441.33 424.45 1.545 (1.478-1.614)

TERTILE CUTOFFS

Time since starting insulin (months)

Never-users 850,897 13,677 4,361,227.25
50,771 974 232,470.92 (1.419-1.624)
51,254 77 234,161.75 (1.373-1.573)
54,695 1,056 241,818.67 (1.549-1.772)

P trend

Cumulative dosage of insulin exposure (units)

Never-users 850,897 13,677 4,361,227.25
51,739 1,070 245,321.33 (1.283-1.4589)
51,717 979 229,583.17 (1.418-1.625)
53,264 958 233,626.83 (1.771-2.041)

Cumulative duration of insulin exposure (months)

Never-users 850,897 13,677 1.61  4,361,227.25

<0.57 52,245 1,105 212 241,256.17 (1.315-1.492)
0.57-8.63 51,118 944 1.85 233,903.33 (1.361-1.563)
=8.63 53,367 958 1.80 233,281.83 (1.810-2.089)
P trend

Hazard ratios are adjusted for all variables in Table 1




NICE guidelines

How to choose first-line medicines

National Institute for
Hedlth and Care Excelence

NIC

Rescue therapy

For symptomatic hyperglycaemia, consider insulin or a sulfonylurea and review when blood glucose control has been achieved. ]

Assess HbAlc, cardiovascular risk and kidney function

inhibitors for people with type 2
diabetes and chronic kidney disease

see the section on diabetic kidney
i disease in 'the guideline.

s
Consider
®s DPP-4 inhibitor (gliptin’)

% Pioglitazone

% Sulfonylurea
An SGLT2 inhibitor ('flozin")

for some people:

If metformin
contraindicated

QED Dapa
QED Empagliflozin

gliflozin

Or if Gl disturbance
e Metformin MR

¥
High risk of CVD
QRISK2 of 10% or higher
or elevated lifetime risk

L]
Chronic heart
failure or established
atherosclerotic CVD

Offer

or if Gl disturbance

e Metformin MR

and as soon as metfomin
tolerability is confirmed, offer

Offer
or if Gl disturbance
e Metformin MR

and as soon as metfomin
tolerability is confirmed, consider

Start metformin
alone to assess
tolerability before
adding an SGLT2
inhibitor

% SGLT2 inhibitor (‘flozin’)
with proven cardiovascular benefit

If metformin
contraindicated

Consider
% SGLT2 inhibitor alone

If metformin
contraindicated

nhibitor a

P Ertugliflozin

]

NICE technology appraisals recommend SGLT2 inhibitors as

monotherapy options in people:

* who cannot have metformin

« for whom diet and exercise alone do not provide adequate
glycaemic control.

The SGLT2 inhibitors are recommended only if a dipeptidyl

| Peptidase-4 (DPP-4) inhibitor would otherwise be prescribed
| and a sulfonylurea or pioglitazone is not appropriate.
' In February 2022, using ertugliflozin to reduce cardiovascular
| risk when blood glucose is well controlled was off label. See

N\C s information on prescribing medicines.

How to choose medicines for further treatment

(D Person's HbA1c not controlled below individually agreed
threshold, or the person develops CVD or a high risk of CVD
¥

[ See treatment options if further interventions are needed ]

1 Established atherosclerotic CVD includes coronary heart disease, acute coronary

: syndrome, previous myocardial infarction, stable angina, prior coronary or other

1 revascularisation, cerebrovascular disease (ischaemic stroke and transient ischaemic attack) |
L and peripheral arterial disease.
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1 Published date: February 2022. Last updated: August 2022. This is a summary of the advice in the NICE guideline
2 on type 2 diabetes in adults: management. © NICE 2022. All rights reserved. Subject to Notice of rights.

National Institute for
Health and Care Excelence

NIC




Including ever-vs-never exposure to drugs
together with cumulative exposure

- distinguish causal effects from confounding by allocation
Time periods

Bradford hill criteria
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e
Methods

- Cox regression models for time to failure specified to include
drug exposure

- the time-updated ever-never exposure term

- both the ever-never term and a linear term for cumulative
exposure

- Where stepwise effects on the risk of adverse events are
unlikely (cancer) joint modelling of ever-never and cumulative
exposure can be used to study the effects of multiple drugs and
to distinguish causal effects from confounding by allocation.

- Or discrete time survival model (allows time periods updated
for time varying covariates and exposures)



Modelling cumulative exposure for
inference about drug effects

Table 2. Hazard Ratios for Incident CVD Using a Time-Updated Ever-Never Exposure Term Only.

Model with ever-exposure term only Model with terms for ever-exposure and cumulative
exposure
Lower Upper Lower Upper
95% 95% 95% 95%
Confidenc | Confidenc Hazard Confidenc | Confidenc
Hazard Ratio e bound e bound p-value Ratio e bound e bound p-value
Current age (years) ¥ 1.04 1.04 1.05 <0.001 1.05 1.04 1.06 <0.001
Gender (female vs male) 0.79 0.77 0.80 <0001 0.79 0.77 0.80 <0.001
Age at diabetes diagnosis | 0.98 0.97 0.98 <0.001 0.97 0.97 0.98 <0.001
{years)
Statins ever vs never 1.13 1.10 1.16 <0.001 1.20 .16 1.23 <0.001
exposure
Cumulative statin - - - - 0.97 0.97 0.98 <0.001
exposure (years)

1 Models included linear and quadratic terms for age



Whats your favourite baseline????

Table 3. Hazard ratios for incident CVD in models with cumulative statin exposure coded as discrete categories, illustrating effect of choice of

baseline category. Models include sex, age at baseline, age at diabetes diagnosis, and time-updated calendar time.

With baseline category as unexposed person-time

With baseline category as exposed person-time intervals

intervals with cumulative exposure < (.5 years

Lower 95% | Upper 95% Lower 95% | Upper 95%
Years of cumulative Confidence | Confidence Confidence | Confidence
exposure Hazard Ratio | bound bound p-value | Hazard Ratio bound bound p-value

0 < exposure <=0.5 1.29 1.24 1.34 =0.000 | NA NA NA NA

0.5 exposure <=1.5 1.13 1.09 1.17 <0000 | 0.88 0.84 0.92 <00
1.5< exposure <=2.5 1.07 1.03 1.12 0.001 0.83 0.79 0.87 =<0.001
2. 5= exposure <=3.5 1.09 1.04 1.14 <0000 | 0.85 0.81 0.89 <0001
3.5< exposure <=4.5 1.09 1.04 1.14 0.001 0.84 0.80 0.89 =0.001
4.5« exposure <= 5.5 1.06 1.01 1.12 0.023 0.83 0.78 0.88 =<0.001
3. 5= exposure ==0.5 1.04 0.98 1.11 0.186 0.81 076 0.86 =0.001
6.5< exposure <=7.5 1.05 0.98 1.13 0.157 0.32 0.76 0.88 =0.001
7.5< exposure <=8.5 1.07 0.95 1.20 0.245 0.83 074 0.94 0.002




Hospitalised hip fracture risk with rosiglitazone and pioglitazone
use compared with other glucose-lowering drugs

@ Springer Link search Q & Login

Fig. 1

From: Hospitalised hip fracture risk with rosiglitazone and pioglitazone use compared with other glucose-lowering drugs
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Age-standardised rates of hip fracture by cumulative exposure to TZD in women. The error bars indicate the 95% CI for the rates. The x axis shows
cumulative vears of exposure; the data point at x = 0 is for all unexposed person time-periods, and the other data points are for exposure categories0 <x <1,
1<x=2,2<x<3,3<x=4and x> 4 years. The dotted regression line shows the linear effect of cumulative exposure (x) calculated by weighted least squares
from the ever-exposed data points as an approximation to the modelling approach described in the Methods. Whereas the data point at x = 0 is the log
fracture rate observed for all unexposed person time-periods, the point on the dotted regression line where x = 0 is the estimate from the model of the log
fracture rate at the point of starting exposure in those exposed. Thus the difference in height between these two points gives the magnitude of the ever-
exposed term and is the sum of any immediate stepwise effect of the drug and any difference in prior risk of fracture in ever vs never exposed. Since an

immediate stepwise effect of TZD on hip fracture is unlikely the difference in height suggests that those who become exposed have a lower prior fracture risk
than the never exposed

Back to article page >



Examples for BiB

Covid?
Cumulative exposures? Pollution??

Rare outcomes?



