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1. INTRODUCTION
Biosimilars are biopharmaceutical drugs that are highly similar products or imitations of

already approved biological drugs. Unlike chemical drugs, biological products (biotechnol-
ogy drugs or biologics) are therapeutic agents that are produced using a living system or
organism.

Biologics are very sensitive to small changes during the manufacturing process, which will
have an impact on the clinical outcome. Biologics cannot be fully copied because no two cell
lines, developed independently, can be considered identical. This has created a concern that
the copies might perform differently than the original branded version of the product. The
assessment of biosimilarity is now a very active area of research, as average bioequivalence
criterion has been deemed inappropriate.

In the present research, we propose to use the concept of tolerance limits for assessing
biosimilarity. An advantage of this approach is that we have a criterion that takes into account
the entire distribution, and not just the averages. Our research deals with a rigorous justifica-
tion of the use of such a criterion, and the development of the relevant statistical methodology.

Our criterion assesses the magnitude of the difference between the responses correspond-
ing to the innovator drug and its copy. If the difference is "small" according to some criterion,
we conclude biosimilarity.

2. TOLERANCE LIMITS
A tolerance interval is an interval based on

a random sample, such that with a given confi-
dence level, the interval will contain a specified
proportion or more of the population distribu-
tion.

Let X = (X1, X2, ...., Xn) be a random sample
of size n from the population. An upper tolerance
limit, say U(X), for the distribution of X , satisfies

PX [PX(X ≤ U(X)|X) ≥ p] = 1− α.

A proportion p or more of the distribution is
below the limit U(X), with confidence level 1−α.
The quantity p is called the content of the toler-
ance limit.

The upper tolerance limit U(X) so defined is
known to be a 100(1−α)% upper confidence limit
for the pth percentile of X .

Tolerance limits can be computed para-
metrically or non-parametrically, depending on
whether the data comes from a parametric distri-
bution or not. A non-parametric tolerance limit is
based on order statistics from a sample of size n.

A non-parametric upper tolerance limit
can be computed as follows. Let W ∼
Binomial(n, 1 − p), and let k be the largest in-
teger satisfying P (W ≥ k) ≥ 1 − α. Then the
(n − k + 1)th order statistic among the Xi’s is a
non-parametric upper tolerance limit.

3. TESTING BIOSIMILARITY
Let YR and YT be random variables de-

noting responses from the innovator drug
(the reference drug R) and its copy (the test
drug T ), respectively.

YT ∼ N(µT , σ
2
T ) and YR ∼ N(µR, σ

2
R).

We conclude biosimilarity based on the
“closeness" of YT and YR.

Result: Consider the independent
random variables YT ∼ N(µT , σ

2
T ) and

YR ∼ N(µR, σ
2
R). Then

(i) the percentiles of |YT −YR| are increasing
functions of |µT − µR|,

(ii) for given |µT − µR| and σ2
R, the pth per-

centile of |YT − YR| is an increasing function of
σ2
T if p > 0.50.

The result states that if the test drug T
has a mean that is too different from that of
the reference drug R, or if the test drug has
a significantly larger variability, then the pth
percentile (for p > 0.50), and hence the up-
per tolerance limit, will be large.

Thus we have a criterion that naturally
combines both the mean and the variance.

4. TOL. LIMIT FOR YT − YR
Let X1 = |YT − YR|. It can be shown that

the pth percentile of X , say xp satisfies

P

(
U2 ≤

x2p
σ2
T + σ2

R

)
= p,

where U2 follows a non-central Chisquare
distribution with df = 1 and non-centrality
parameter δ = (µT−µR)2

σ2
T+σ2

R
. Thus, if the param-

eters are known, the pth percentile xp can be
easily determined.

The computation of an upper tolerance
limit for X = |YT − YR| reduces to the com-
putation of an upper confidence limit for xp.
We used the idea of a generalized pivotal quan-
tity for computing such an upper confidence
limit.

However, the performance of the result-
ing solution was not satisfactory even for
large sample sizes. So a bootstrap calibration
was carried out in order to improve the per-
formance.

The resulting solution turned out to be
quite accurate, in terms of maintaining the
coverage probability; the coverage probabil-
ities are given in the following table.

5. RESULTS: X1

Coverage probabilities of the upper toler-
ance limits for X1 = |YT − YR| based on the
gpq method, and the bootstrap calibrated
gpq method; content p = .90 and confidence
level 1− α = .95, σT = σR.

µT µR σR
gpq Bootstrap calibration

n
30

n
50

n
100

n
30

n
50

n
100

90

90 1 0.980 0.967 0.961 0.954 0.949 0.950
90 2 0.974 0.960 0.962 0.951 0.939 0.948

100 1 0.872 0.856 0.839 0.952 0.952 0.954
100 2 0.902 0.883 0.853 0.960 0.960 0.949
110 1 0.894 0.850 0.847 0.954 0.945 0.955
110 2 0.881 0.868 0.864 0.946 0.953 0.952

100

90 1 0.901 0.854 0.845 0.969 0.949 0.956
90 2 0.872 0.874 0.863 0.950 0.952 0.949

100 1 0.974 0.977 0.966 0.947 0.956 0.955
100 2 0.979 0.968 0.966 0.958 0.949 0.948
110 1 0.886 0.864 0.840 0.953 0.953 0.946
110 2 0.893 0.869 0.846 0.946 0.945 0.951

110

90 1 0.890 0.870 0.877 0.953 0.944 0.956
90 2 0.870 0.865 0.859 0.932 0.953 0.951

100 1 0.890 0.869 0.835 0.954 0.946 0.943
100 2 0.888 0.860 0.835 0.950 0.946 0.959
110 1 0.975 0.971 0.963 0.958 0.948 0.945
110 2 0.961 0.971 0.963 0.940 0.955 0.943

6. MORE SCENARIOS
In our work, we have also explored the computation of upper tolerance limits for the

distributions of the following random variables:

1. X2 = |YT − YR| − |Y ′R − Y ′′R |

If x2p denotes the pth percentile of X2, then x2p satisfies

P (|Y1| − |Y2| ≤ x2p) = p,

E|Y2|

[
Φ

(
(x2p + |Y2|)− (µT − µR)√

σ2
T + σ2

R

)
− Φ

(
−(x2p + |Y2|)− (µT − µR)√

σ2
T + σ2

R

)]
= p

where Φ denotes the standard normal cdf and Y = |Y2| follows the half normal distribu-
tion.

We used the non parametric method along with bootstrap calibration, to obtain an upper
tolerance limit for X2. We also used percentile bootstrap to to compute the upper tolerance
limit.

2. X3 = |YT−YR|
|YR′−YR′′ |

The pth percentile of X3, say x3p satisfies

P

(
|Y1|
|Y2|
≤ x3p

)
= p =⇒ P

(
σ2
T + σ2

R

2σ2
R

× U1

U2
≤ x23p

)
= p,

where U1 =
Y 2
1

σ2
T+σ2

R
∼ χ2

1(δ), a non-central chisquare distribution with 1 df and non-

centrality parameter δ = (µT−µR)2

σ2
T+σ2

R
, and U2 =

Y 2
2

2σ2
R
∼ χ2

1. The upper tolerance limits were
obtained by applying percentile bootstrap and gpq methodologies.

7. RESULTS : X2, X3

Coverage probabilities of the upper tolerance limits for X2 and X3 by different methods;
content p = .90 and confidence level 1− α = .95, µR = 100, and σ2

R = 1.

σ2
T µT

X2: NP X3: NP X2: Bootstrap X3: Bootstrap X3: gpq
n n n n n n

10 20 10 20 10 20 10 20 10 20
90 0.9436 0.942 0.951 0.9484 0.9326 0.9476 0.955 0.946 0.9507 0.9521

1 100 0.9548 0.9442 0.8898 0.9092 0.9471 0.9344 0.929 0.924 0.9260 0.9499
110 0.9504 0.9456 0.9556 0.9478 0.9533 0.9496 0.933 0.952 0.9487 0.9481
90 0.9398 0.9384 0.9528 0.9498 0.9502 0.9403 0.936 0.965 0.9603 0.9371

2 100 0.937 0.9312 0.8904 0.9156 0.9368 0.9325 0.916 0.941 0.9468 0.9599
110 0.9394 0.9426 0.9508 0.9534 0.9387 0.9386 0.947 0.96 0.9456 0.9430
90 0.9366 0.9316 0.9538 0.9536 0.9502 0.9485 0.948 0.951 0.9722 0.9524

3 100 0.9258 0.9226 0.902 0.9154 0.9316 0.9451 0.919 0.928 0.9542 0.9599
110 0.9368 0.9388 0.9534 0.9504 0.9385 0.9512 0.943 0.947 0.9368 0.9552

8. CONCLUSIONS
• The development of valid criteria for the assessment of biosimilarity is an important

topic

• The issue of variability is one of the main concerns in the assessment of biosimilarity

• We have made an attempt to incorporate variability into the criterion for biosimilarity
by using the tolerance limit idea

• The tolerance interval based approaches appear to provide satisfactory results..


