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Prescribability, Switchability, Interchangeability, Substitution : Terminology

• Prescribability
• If a biosimilar  product is  approved  then it can 

be prescribed.  The approval is based on by 
showing that population risk/benefit ratio  the 
originator and biosimilar is equivalent

• Typical clinical trial design: parallel

• Switchability, Interchangeability, Substitution
• Legally they are slightly different terms but in 

the following I do not make any distinctions 
among them

• Statistically speaking  a biosimilar product can 
be substituted with  the originator if the 
risk/benefit ratios within subjects are 
equivalent (i.e., conditionally)
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Originator Biosimilar

The population means are 
equivalent but there are large 
differences individually 



Measuring Switchability

• In the EU  labeling a  biosimilar product  to be  interchangeable  is the responsibility of 
individual member states.

• In the US labeling a  biosimilar product  to be  interchangeable  is a legal duty of the 
FDA.  The  FDA issued a guideline for qualifying a biosimilar product to be 
interchangeable. 

• The  Guideline suggests:

• at least four period studies  ( like TRTR-RTRT) design

• patients instead of healthy volunteers

• rich sampling  for PK and PD endpoints

• standard 80- 125% criterion 

• options for requesting post-marketing data to support for a designation of 
interchangeability
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Comments on the FDA Guideline
• Many questioned  the clinical relevance  and sensitivity of the 

proposed PK/PD approach.  
• For example, assume that the incidence of immunogenicity is 10% to 20%, 

where immunogenicity is associated with a clinically significant halving of the 
AUC.  Still the doubling of clinically significant immunogenicity would mean 
only 5% reduction in the AUC. 

• Safety/Efficacy differences resulting from structural differences may not be 
reflected in PK differences 

• Immunogenic responses to a biologic may first occur only after extended 
exposure of months

• Therefore long-term comparative safety/efficacy  studies are  
suggested using real-world clinical data.
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Assessment of the impact of switching  from 
clinical records

• Retrospective analysis is an attractive option.

• But, for obvious reasons, such data are scarce even in the EU.

• A recent survey by McKinnon et al., identified only 10 studies1. 

• There are many limitations of these studies including relatively short 
observation times (6-12 months), poor reporting (many of  them are 
abstracts) and lack of statistical analysis.

• Therefore, still an open question: the value of easily available routine 
clinical data to assess the  clinical impact of switching.

• To answer this question, we investigated  an alternative question, the 
consequence of switching between two biologicals.
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Rheumathoid arthritis (RA) and the between-product switching
• RA is a chronic, progressive immune-mediated inflammatory disease

• Six biologicals (abbreviated as ETA, ADA, RTX, INF, TCZ, GOL) are available  for the 
treatment.  By mode of action they are classified as TNF  and non-TNF antagonists.

• During the course of the therapy (which lasts for several years, sometimes lifelong) 
it is common in clinical practice to switch patients from an original product to 
another due to loss of efficiency or intolerability. But there is no clear clinical 
direction how to switch from one to another.   

• For example,  one  treatment pathway is like ETAADA while another pathway is 
TCZRTXINFETA .  Or maybe  just ETA.

• An open question: what is the optimal sequence?   

• Does the pre-treatment with drug A  influence the follow-up B drug effect ?  

• Following a TNF antagonist another TNF antagonist or a non-TNF antagonist 
should be administered ? 
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The concept

• Registry data with biologicals go back to several years. 

• The original question was how registry data can be used to assess the 
originator--> biosimilar (or vice versa)  switching.

• But because with biosimilars there is no long term experience, we 
have investigated an alternative question: the  effect of switching  
from a TNF antagonist to a non-TNF antagonist ( or vice versa).

• Statistically the problem is very similar except we have to adjust for 
the individual drug effects.

• The clinical endpoint is failure time with a given product.
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Descriptive statistics of the database
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Clinical records of an RA treatment center collected over 8 yrs.

Biological predictors

Chronic disease

Co-medications

Typically they start with TNF antagonists

Sometimes there are treatment gaps (pregnancy, other diseases..)



Survival  statisistics
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failures                     668    1.225688           0          1          7

time at risk              676430    1241.156           1       1198       2844

time on gap if gap         35198    95.38753           1         16       1834

subjects with gap            257   

(final) exit time                   1305.782           1       1246       2955

(first) entry time                  .0422018           0          0         23

no. of records              1118    2.051376           1          2          7

no. of subjects              545   

                                                                              

Category                   total        mean         min     median        max

                                                   per subject                

                 id:  id

  exit on or before:  time .

             origin:  time starte

   analysis time _t:  (ende-origin)

         failure _d:  event == 1 2 3 Treatment failure can be due inefficiency, side effect or other

Half of the subjects had at least one switch

Half of the subjects were followed at least 4 yrs

Subject with 7 failures 
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How to assess the impact of switching

• We define the clinical effect as the length of the period during which  the 
patients’ symptoms are controlled. 

• If there is a „switching” effect then  the effect B in sequence A1B2 will not be the 
same as in sequence B1A2.   The difference could be due  two factors: 

• The failure time  depends on the number of  the previous failures ( „repeat”)

• The „switching” can be measured by defining an additional variable  called 
Switch: isTNF(i+1) != isTNF(i))

• The increased hazard of failure due to switching was estimated using proportional  
hazard  regression with multiple failure times.  We used Stata (ver 15.1) for 
modelling.
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Results  (failure for any reason)
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No significant  period („repeat” ) effect

The failure  rate  depends on the age of the patient

Being  woman  is an advantage
Co-treatment with DMARD (MTX) is very  effective

Some mABs are more effective than the 
reference CMZ

It does not matter that TNF antagonist is 
followed by another TNF antagonist or non-TNF 
antagonist



Results – failure due only to inefficiency 
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The risk of failure can 
be decreased if the next 
drug is selected with a
different  mode of 
action (TNF- non-TNF)



Results – failure due to side effects

14

Not related
Not related
Strong protection
Strong protection



Conclusions

• The clinical relevance  of PK or PD data  to demonstrate 
interchangeability  has been questioned by many stakeholders during 
the discussion of the FDA Draft Guideline.

• The hazard ratio of treatment  failure is a clinically meaningful and 
sensitive parameter.  We could detect the effects of well-known risk 
factors (co-treatment, gender) from a relatively small clinical 
database. These important variables can be obtained from health-
insurance databases.

• However it is important to note  that failure can be happen due  to 
multiple reasons and switching was selective in this regard. 
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Conclusions - Methodology

• In this presentation switching means a  TNF--> not TNF switch but 
Originator-->Biosimilar switching could have been analyzed exactly in 
the same way.

• Our data allow to estimate to power for such an observational study  
and points out some unresolved methodological questions 

• Bias due to unbalance 

• More RT or  RT1T2 sequence than TR 

• How to handle  between treatment gaps

• Censoring subjects only with one observation ( Day <30) 
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