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The manufacture of pharmaceutical and biopharma-
ceutical drug products is a complex process that takes 
place in a highly regulated environment (1). Success 
requires a combination of scientific, engineering, and 

regulatory knowledge. One critical part of drug develop-
ment is formulating the compound into a final drug prod-
uct, ensuring that desirable physical and chemical properties 
remain stable for an acceptable period of time and meet 
regulatory and commercial requirements for specifications 
for the product (2). 

One key requirement is that the drug retain its physi-
cal and chemical properties such as potency, purity, and 
bioavailability for a set period of time, referred to as its 
shelf life (3). Once a shelf life has been defined for the drug, 
control strategies must be instituted to provide a high level 
of assurance that batches of drug product released into the 
market remain within specifications throughout the drug’s 
shelf life. 

One critical control strategy is the use of internal release 
limits. This article discusses how these limits are calculated 
and applied to ensure drug product quality. 

Internal release limits (IRLs) are one- or two-sided 
bounds that ensure that a batch of drug product is suf-
ficiently likely to remain within specifications throughout 
its shelf life. These limits are internally derived and repre-
sent good business practice, by accommodating producer 
risk (i.e., the likelihood of rejecting a “good” lot that fails 
to meet acceptance criteria) and consumer risk (i.e., the 
likelihood of releasing a lot that meets specifications dur-
ing manufacture but fails to meet them through product 
expiry date).

Internal release limits account for uncertainties that are 
caused by product instability and measurement variation, 
and are applied to a given batch’s measured critical quality 
attributes (CQA) at time of manufacture. The decision of 
what constitutes “acceptably high” assurance and the de-
tails of the calculations in relation to a statistical model are 
considered to be an internal business practice and are not 
prescribed by regulatory requirements.   

Internal release limits help ensure that 
a batch of drug product remains within 
specifications throughout its shelf life. 
This article explores what internal release 
limits are and why they are important.
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Relationships among limits
During batch manufacture, release results are compared to 
various criteria, the most common of which include: 

•	IRLs
•	Shelf-life specifications
•	External release limits (also referred to as release speci-

fications)
•	Control chart or process-control limits.
Each of these limits has a different purpose and may be 

applied at different times. For example, a shelf-life speci-
fication is a registered limit that a CQA must meet from 
the time of release until expiry. An external release limit 
is a registered limit that is required in some, but not all, 
markets. CQAs must meet external release limits at the 
time of batch release only (i.e., not throughout expiry). 
IRLs, as described previously, are internal (not registered) 

limits that are met at the time of product release. Control 
chart limits are designed to monitor and control process 
performance.

IRLs are calculated as a buffer to protect the shelf life 
specification and, as such, are set by moving in from the 
shelf life specification. In contrast, control chart limits 
(another internal limit that could be applied at release) are 
calculated as a range of typical release results and are set 
by moving out from the center of the release data. Figure 1 
demonstrates the ideal relationship between the two, using 
the lower specification as an example.

Internal and external release limits share a similar pur-
pose: to provide assurance that a batch will meet the shelf 
life specification at expiry. Each limit is determined in part 
by the stability change that occurs to the CQA during expiry 
and the level of risk deemed acceptable. 

It is possible for internal and external release limits to be 
different, as shown in Figure 2. This may be due to different 
levels of acceptable risk, internally and externally; additional 
data generated since the registration of the limits; or other 
factors.  When the calculated IRLs are less restrictive than 
external release limits, then the IRLs should be set to the 
tightest external release limit across markets.  

Determining the need for IRLs
IRLs should be established for CQAs and stability indicating 
tests representative of pharmaceutical products. In addition, 
an IRL may be recommended for stable CQAs, because the 
method variability on retest could cause an out-of-specifi-
cation (OOS) result later on, if the initial time point is close 
to the specification.  

Typically, CQAs would include such characteristics as:
•	Product potency and/or purity 
•	Impurities 
•	Moisture or water content
•	Protein concentration.  
A risk assessment may be used to determine whether an 

IRL is necessary or IRLs can be put in place for all CQAs. 

Risk assessment
Any risk assessment should consider the degradation rate 
and measurement variability. Generally, closer attention 
must be taken in proposing release limits based on meth-
ods that show high variability. A risk assessment strategy 
assists in identifying whether an attribute that falls outside 
of specifications might adversely impact patients or lead to 
other negative consequences such as product complaints and 
other negative customer interactions.

These assessments examine potential product failure 
modes, estimate their frequencies of occurrence, and iden-
tify the potential impact of exposure on a patient. Frequency 
of occurrence and severity of patient impact can be catego-
rized based on review of available quantitative data or on 
qualitative ratings provided by medical or scientific experts. 

Figure 1: Illustration of the difference in calculation between 
internal release limits (IRLs) and control charts.
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Figure 2: Illustration of an internal release limit that is more 
restrictive than the external release limit.
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It may be necessary to reevaluate the frequency of occur-
rence as more data become available.

When in the lifecycle should IRLs be calculated?
Typically, preliminary IRLs are calculated at the time 
of Stage 2 validation and are used during validation. All 
batches from development that are similar to the full-scale 
process should be included in the calculation. 

Because the number of batches may be limited and for-
mulation or analytical methods may have changed during 
development, the amount of data available at Stage 2 may be 
limited. Once IRLs have been established, their appropriate-
ness should be reviewed periodically. The components of 
an IRL calculation (specification, change on stability, vari-
ability of that change, and analytical variability) may need 
to be updated.  

For products that are at an early developmental stage in 
their lifecycle, IRLs may have been based on limited data. 
Additional stability data will become available that may im-
prove the estimates of change and variability. Therefore, it 
may be necessary to reevaluate the IRLs as more stability 
data become available.  

For more mature products, additional stability data are 
unlikely to alter the calculation unless a process change has 
occurred that affects the change on stability or the analyti-
cal variability increases or decreases. Therefore, for mature 
products, longer intervals (i.e., every two to three years) be-
tween IRL evaluation will suffice. If the shelf-life specifica-
tion changes, the IRL must also change. Alternately, IRLs 
can be evaluated regularly (e.g., annually) and compared to 
the current limits. If a newly calculated IRL differs signifi-
cantly from the current value, this can signal a change in 
the process or the level of analytical variability.

Calculating the IRL  
The commonly used method (4) for calculating IRLs relies 
on the principle that a batch is released if there is sufficient 
statistical confidence, typically 95%, that the batch will com-
ply with registered shelf-life limits throughout its shelf life. 

The IRL is calculated from the shelf-life specification, by 
subtracting the estimated change during stability, uncer-
tainty of the latter, and the assay uncertainty (Figure 3). A 
distinct feature of this method is that the decision is based 
only on: 

•	  The average of the release results at the time of manu-
facture

•	  Historical stability data and analytical method preci-
sion data.

The rationale behind this approach is that the release 
results at time of manufacture is a reasonable approxima-
tion to the true batch mean value, and the disposition of 
the batch can therefore be based on this estimate. This con-
trasts with methods that also imply an assumption about the 
manufacturing process being in a state of statistical control 
producing a population of batches (5).

The batch is released if the release result is within the 
IRLs. The principle is illustrated in the example below, both 
for constant parameters and for parameters that follow a 
linear stability change over time. 

CQAs that remain stable during shelf life
Consider a CQA (e.g., content, with a lower shelf-life limit 
[LSL]), and suppose the product is stable and also that it 
is reasonable to set the change during long-term stability 
to zero. In this case, the lower internal release limit (LRL) 
should only account for the expected variability and is given 
by Equation 1.

LRL = LSL + t0.95,f√ s2 / n
	 [Eq.1]

Where s2 is the uncertainty of assay method (estimated in-
termediate precision),
f is the degrees of freedom of the variance estimate,
n is the number of determinations of this QA at release, and 
t0.95,f is the upper 95% quantile of a t-distribution with f de-
grees of freedom. The t-quantile is typically in the order of 
1.7 to 2.0 depending on the degrees of freedom. Tables are 
readily available in any standard statistical methods refer-
ence book.

Suppose the LSL for content is 95.0% of target and that 
a batch is released based on a single content result with an 
intermediate precision standard deviation of 1.0% (absolute 
% of target) with 10 degrees of freedom. The t-quantile is 
t0.95,10=1.81 and the LRL is given by the following: 

LRL = 95.0 + 1.81 (1.0) = 96.81
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Figure 3: Illustration of the method for calculating an upper 
internal release limit from an upper shelf life limit (4). The 
illustration is based on an impurity that increases during 
stability.
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The principle is illustrated in Figure 4. Notice that the gap 
between the IRL and the shelf-life specification will become 
narrower when the analytical uncertainty is lower. This is 
a natural consequence of the method, because the decision 
to release a batch is based only on the release result; the 
more precise the result is, the closer to the shelf-life limit 
the release limit can be, while still providing the required 
confidence that the batch remains within specification at 
end of shelf life. An upper release limit could be constructed 
in a similar way, by subtracting the error term from the 
upper shelf-life limit.

CQAs that change during shelf life 
Consider next a quality attribute that changes linearly dur-
ing long-term stability, for instance high molecular weight 
proteins (HMWP), for which an upper specification limit 
(USL) is registered. In this case, the upper internal release 
limit (URL) is given by Equation 2. 

URL = USL − bT − t0.95,f√ s2t2ˆ
b

+
s2

n 	 [Eq. 2] 

where:

b̂  is the estimated stability slope (change per month), 
T is the shelf life in months, and 
sb is standard error of the estimated stability slope. 

The principle is illustrated in Figure 3. Notice that there 
is an extra term under the square root sign, 22Tsb  compared 
to the formula given in Equation 1. This accounts for the un-
certainty in the estimated stability slope, which depends on 
the precision of the stability data available. 

The degrees of freedom f are either associated with the 
error term (if the variance estimates are from the same sta-
bility study) or calculated using Satterthwaite’s formula if 
the variance estimates are from independent studies (6). 

Suppose the USL for an impurity is 5.0% and the esti-
mated degradation rate is 0.10%/month (absolute) with a 
standard error of sb=0.0028%/month with 17 degrees of 
freedom. The intermediate precision standard deviation is 
0.10% (absolute) with 10 degrees of freedom, and a single 
result is obtained at release. The shelf life is T=24 months. 

The total degradation during shelf life is estimated to be  
0.10 x 24 = 2.40%. The total uncertainty under the square 
root sign is given by: 

√s2T2 + s2    =  √0.00282242 + 0.102  =  √0.0672 + 0.102 = 0.12b

The degrees of freedom can be calculated to 18.5 and t-
quantile to t0.95,f = 1.73. The upper release limit is therefore

URL = 5.0 – 2.40 – 1.73 x 0.12 = 2.39%

To ensure that the (unrounded) release result is less than 
2.39%, an effective release limit of <= 2.3% is needed, when 
rounding the limit to one decimal. 

CQAs with batch differences in slope
In the previous examples, a common slope b is assumed for 
all batches, which is generally a reasonable assumption, in 
particular for solid dosage forms and small-molecule prod-
ucts, where the degradation is due to simple kinetic reactions. 

For some products, however, the stability slope may differ 
between batches (i.e., the slopes are significantly different 

Figure 4: Illustration of the lower internal release limit (LRL) for a quality attribute that does not change on stability with large 
analytical variation (left) and smaller analytical variation (right). The risk, that a batch with release result exactly at the LRL does not 
comply with the shelf life limit, is 5% in both situations as illustrated by the red region. LSL is lower shelf-life limit.
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according to the International Council for Harmonization 
[ICH] Q1E and there is a scientific basis for the difference). 
This can be the case for liquid formulations of biological 
products, where, for instance, the formation rate of high 
molecular weight proteins may depend on formulation con-
stituents or on a property such as pH, which is inevitably 
subject to some level of random variation. Batch differences 
in the slope can be included in the IRL, to the extent that 
they can be explained and justified as small random pertur-
bation in the stability behavior. 

Inclusion of batch differences complicates calculations
Inclusion of batch differences complicates the calculations 
and the interpretation of the limits, and should only be used 
when properly justified by data and product understanding. 
A single outlying batch or an outlying result in a stability 
study may be an outlier due to some special cause effect, and 
this should not be confused with random batch differences. 
The random effect due to differences between batches is best 
estimated through mixed effects modeling. 

When a random batch-slope difference is justified, this 
can be included in the release limits by the following exten-
sion of the formula used in the method previously discussed 
(4), as shown in Equation 3.

URL = USL − bT − t0.95,f√ˆ s2t2 + s2 t2 +ß
s2

nb  	 [Eq. 3]

where 2
ßs  is the variance of the random slope in the batch 

population.

Suppose that, in addition to the figures provided in exam-
ple two, that a slight variation around the common slope ex-
ists with %0060.0=ßs /month (with 5 degrees of freedom). 
The total uncertainty under the square root sign is now,

√s2t2 + s2 t2 + s2   =  √0.00602242 + 0.00282242 + 0.102  √0.1442 + 0.0672 + 0.102 = 0.19% ß ß

The degrees of freedom can be calculated to 12.8, which 
gives a t-quantile of 1.77, and the upper release limit (URL) 
is, therefore, 5.0 – 2.40 –1.77 x 0.19 = 2.27%. A tightening 
of the release limits from example 2 of 0.1% to <= 2.2% is 
needed in this case, to account for the random batch-slope 
variation.

When results are outside of IRL 
A result outside an IRL may lead to a batch not being re-
leased to market so company quality systems may treat it 
like an OOS result and have standard operating procedures 
for mitigation. Note that, by definition, a result outside of 
an IRL is not an OOS result unless the IRL is set to the 
same value as the corresponding registrational release or 
shelf-life specification. The result should be confirmed 
through lab investigation as a typical first step. Review of 

the batch record and recent history would generally be next 
if no lab-related cause were found. A retest protocol may be 
employed to confirm or overcome the original result when 
no probable cause is found only if documented in operat-
ing procedures.

The risk implications of the final result should be esti-
mated so that company quality authorities have the informa-
tion relevant to the batch disposition decision. Probability 
estimates of failing before expiry both for the batch aver-
age and individuals are important inputs to that decision. 
The risk thresholds, however, may be different for different 
companies; it should be noted that failing an IRL is already 
breaching an established risk alert level. Releasing the batch 
with a reduced expiry could be considered. 

Understanding risk for release limit calculations
Regulatory guidance documents (i.e., ICH Q8, Q9, Q10, and 
the 2011 FDA process validation guidance [7–10]) suggest a 
need for quantitative risk assessments including IRLs. The 
risk assessment exercise is intended to characterize product 
and process uncertainties to improve product development 
and manufacturing. 

Out of internal release limit (ORL) cases may trigger tech-
nical and operational improvements. The negative impact of 
ORLs include higher investigation costs, increased doubts 
about product robustness and quality, and potential rejec-
tion of a batch that may stress inventory and supply and add 
to operational costs. 

Quantitative risk assessments are critical in making deci-
sions related to IRLs and address at minimum prediction 
of process capability (against IRLs), probability of OOS, 
sources and control of variabilities, and impacts to filing 
and supply. 

In pharmaceutical applications, the risk of a harm is com-
monly defined as a combined effect of its: 

•	Probability of occurrence 
•	Severity 
•	Detectability. 

Quantitative approaches
Quantitative approaches will generate more robust data 
for all three elements, especially the probability of occur-
rence. Statistical expertise can be valuable in optimizing 
these data, in conjunction with scientific, engineering, and 
business principles. 

As reflected in the formulas in this article, an IRL risk 
assessment should be an integrated evaluation of IRL, shelf-
life, registered specifications, and product performance 
including at least stability, process, and analytical compo-
nents.  To achieve the desired benefits, IRLs must be set at 
appropriate levels in order to control both producer’s risk 
and consumer’s risk. 

Bayesian modeling provides a comprehensive framework 
for assessing a producer’s and a consumer’s risk. It also per-
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mits inclusion of prior knowledge in making predictions 
and accounts for parameter uncertainties. 

The details of the Bayesian approach are outside the scope 
of this article, but essentially the approach involves a mixed-
effects model with parameters for process mean, batch-to-
batch variability, and changes over time. 

Deeper product knowledge
In summary, a more systematic quantitative risk assess-
ment carried out throughout the product lifecycle will lead 
to deeper product knowledge. This approach will collec-
tively strengthen the two enablers of pharmaceutical quality 
systems: knowledge transfer and quality risk management. 

Note that the concept and associated benefits are appli-
cable to scenarios besides IRLs. Therefore, this is an area 
that is worthy of more effort and investment by the phar-
maceutical industry.
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