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Conventional limit-setting techniques
are not health-based and can make
risk assessment more difficult.

n a previous article, the authors
I discussed the lack of scientific justi-

fication for the 10-parts-per-million
(PPM) limit commonly used in clean-
ing validation and the lack of any
regulatory requirement for it (1). This
article discusses how the 10ppm limit,
along with the 0.001 dose limit, are
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not truly risk-based approaches and
are also unsound from an operational
standpoint as they have caused unnec-
essary difficulties for many companies.
A statistical process-based approach
to demonstrate that acceptable clean-
ing has been achieved compared to a
health-based limit is proposed.

The use of a default limit value ex-
pressed as a concentration (ppm) has
its origins in food safety concerns
related to pesticide residues (2). The
value of 10 ppm comes from an article
written by Gary Fourman and Dr. Mi-
chael Mullen more than 20 years ago
(3), which suggested a combination of
the following for setting acceptance
limits for cleaning:

« No more than 0.001 dose of any
product will appear in the maxi-
mum daily dose of another product

o No more than 10 ppm of a product
will appear in another product

« No quantity of residue will be vis-
ible on the equipment after clean-
ing procedures are performed.

Since that time, many pharmaceu-
tical companies have adopted some
or all of the criteria suggested in this
article, including the 10-ppm value (4).
Due to difficulties and inconsistencies
in the application of these approaches
to the wide variety of pharmaceutical
dosage forms, some modifications to
these limits were suggested such as
using 0.01 or 0.1 (5). Some companies
have had issues meeting these limits,
in particular the 10 ppm, and have
moved to higher values, and some have
even published their justifications (6).
Consequently, no single, consistent
approach exists for setting limits for
cleaning validation (2).

In 2010, the International Society
of Pharmaceutical Engineering (ISPE)
published its Risk-Based Manufactur-
ing of Pharmaceutical Products (Risk-
MaPP) Baseline Guide (7) that intro-
duced the acceptable daily exposure
(ADE) as the appropriate value for as-
sessing pharmaceutical manufacturing
risks, including for cleaning validation,
as it is a value based on all the avail-
able pre-clinical and clinical data for
a compound. The European Medicine
Agency (EMA) uses the term permit-
ted daily exposure (PDE), which it has
declared to be “effectively synony-
mous” with ADE and defines it as “a
substance-specific dose that is unlikely
to cause an adverse effect if an indi-
vidual is exposed at or below this dose
every day for a lifetime” (8).

Although the PDE is very conserva-
tive and has a superior scientific basis
compared with previous approaches,
there has been some objection and re-
sistance to the use and implementation
of PDE (9) but nothing substantive has
ever been published in a peer-reviewed
journal. In 2014, EMA issued a guide-
line that required all companies to de-
velop PDEs by June 2015 for any me-
dicinal product newly introduced into
shared manufacturing facilities. It also
required that PDEs be used to identify
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Table I: Comparison of 0.001 lowest clinical dose limits.

Drug compound

Non-sedating
Cetirizine antihistamine (low
hydrochloride
side effects)

Drug type (side effects)

incidence of non serious

Lowest
clinical
dose

0.001 of
dose

Severity of
hazard

0.005 mg Low

Anti-viral (embryocidal
and teratogenic in all
animal species tested)

Ribavirin

800 mg 0.8 mg High

Anticancer
chemotherapy
(numerous serious
side effects including
cardiotoxicity,
hematological toxicity,
fetal harm to pregnant
women)

Capecitabine

risks by December 2015 for medicinal
products already produced in a shared
manufacturing facility (8).

While the guideline was being de-
veloped, some biopharmaceutical
companies lobbied against it, assert-
ing that their products are denatured
or degraded by cleaning and should
therefore be exempt from the require-
ment to establish ADEs for such drug
products. EMA subsequently provided
language in the final version of the
guideline permitting these companies
to use “alternative approaches” if they
can be “scientifically justified.”

It has been demonstrated, however,
that within the risk-based approach of
International Council for Harmoniza-
tion Q9 (10), the risk associated with
any residual biologic (i.e., based on
its ADE) still must be addressed (11).
Also, some companies have been trying
to justify retaining the use of 10ppm
and 0.001 dose limits because in many
cases these old approaches result in
lower limits than the ones based on
ADEs. Their rationale is that the most
stringent limit of the three limit-set-
ting methods should be imposed.

The following discussion addresses
why retaining either the 10ppm or the
0.001 dose limits is unwarranted. First,
neither of them are “health based” and,
therefore, not “risk-based.” Second, they
have caused many operational issues,
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4000 mg 4 mg High

and third, and more importantly, they
actually interfere with an appropriate
risk assessment, which should now be
necessary in accordance with ICH Q9.

0.001 dose limits
are not truly health-based
The issue of the 0.001 dose limits not
being health-based has been addressed
in a previous article (2) and will be re-
visited briefly here. Table I shows how
three compounds with widely varying
severity of hazards (low to high) will
have cleaning limits set using the 0.001
lowest clinical dose approach that are
inconsistent with a health-based assess-
ment. The fundamental problem with
basing a cleaning limit on the thera-
peutic dose is that the choice of medi-
cation and dose is tailored to an implicit
risk-benefit medical decision for indi-
vidual patients who are suffering from
a particular disease or condition, which
may be contraindicated in other patient
populations. For example, a pregnant
woman who takes a Cetirizine hydro-
chloride tablet should not be exposed to
unsafe levels of teratogenic drugs such
as Ribavirin or oncology drugs such as
Capecitabine. So logically, how could
the cleaning limit for Cetirizine hydro-
chloride be set so much lower than that
for a teratogen or anti-cancer drug?
This simple comparison should be
sufficient evidence that the use of 0.001

of the lowest therapeutic dose ignores
the underlying scientific data for a drug.
If the first effect of a substance (also
known as lead effect) is identical with
the desired therapeutic effect, then there
is a direct relationship between the ther-
apeutic dose and the no-observed-effect
level (NOEL) of this substance. In many
cases though it is sufficient to lower the
therapeutic dose by a factor much less
than 1000 to reach this NOEL; for a few
drugs, however, a factor higher than
1000 may be necessary. If the lead effect
of the substance is qualitatively differ-
ent from the desired therapeutic effect
(e.g., teratogenicity or genotoxicity), then
this effect may have a different dose-
response curve from the dose-response
curve of the desired effect in the target
patient. In cases where there is no cor-
relation at all between the NOEL for the
lead effect and that for the therapeutic
dose, the ADE cannot be a simple frac-
tion of the therapeutic dose.

Evaluation of risk in cleaning

The principles behind applying risk in
pharmaceutical manufacturing were
introduced in the ICH Q9 (formally
adopted by FDA and the Ministry of
Health, Labour and Welfare (MHLW)
in 2006) and its applicability to clean-
ing (including acceptance limits)
mentioned in its Annex I1.4 and to
validation mentioned in Annex IL.6.
In accordance with ICH Q9, risk can
be defined as Equation 1:

Risk = f (Severity of a Harm, Prob-
ability of Occurrence of the Harm)
(Eq. 1]

Likewise, risk can be defined as a
function of the probability of adverse
health effects arising from exposure to
a hazard. The types and probabilities
of effects from exposure to a drug are
API-specific and dose-dependent. Con-
sequently, for cleaning if the identified
hazard is an API then the above equation
for risk can be expressed as Equation 2:

Cleaning Risk = f (ADE __, Probabil-
ity of Exposure

AP

API)

(Eq. 2]
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Figure 1: Margin of safety as a measure of probability of exposure. ADE is acceptable

daily exposure.
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Figure 2: Margin of safety as a measure of likelihood of over exposure. ADE is

acceptable daily exposure. USL is upper specification limit. PPB is parts per billion.
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where the ADE, | provides the mea-
sure of the severity of the hazard that
the API presents in long-term expo-
sure. It should be noted that this con-
cept can be applied to any agent, not
just APIs.

The ADE for an API (or any com-
pound) provides a value that can be
substituted for the “severity of harm”
in Equation 1 (as shown in Equation 2);
but what value should be substituted
for “probability of exposure”?

Figure 1 shows the “probability of
exposure” to API residues can be de-
termined by comparing the data col-
lected during cleaning to the limits
calculated from the ADE of the APIL
The distance between the data and the
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ADE-based limit provides the margin
of safety and indicates the probability
of patient exposure to the API residues
resulting from ineffective cleaning. If
this margin of safety could be mea-
sured, then this value could be used
for the “probability of exposure” pa-
rameter in Equation 2.

A simple statistical method has al-
ready been presented for quantifying
the “margin of safety” and that is the
process capability index (Cpk) or more
precisely Cpu (12, 13). The Cpu mea-
sures the capability of a process only
for an upper specification limit (USL).
It is a simple, straightforward com-
parison of the spread of the data (its
variability) to the distance between the

mean of the data and the upper speci-
fication limit (Equation 3).

Upper Specification Limit - Mean
30

Cpu =
(Eq. 3]

This equation can be satisfied using
cleaning data such as shown in Figure2.

Readily available software pro-
vides powerful statistical and graphi-
cal abilities that can calculate the
Cpu and quickly help visualize the
relationship of data to limits. Figure 3
shows a comparison of two cleaning
processes against ADE-based limits
using Minitab 17 (14).

On the left of Figure 3, residue data
for a cleaning process are distrib-
uted well below the ADE-based limit,
thereby providing a very wide “margin
of safety,” and hence a very low prob-
ability of patient exposure. On the
right, however, residue data for a clean-
ing process are distributed relatively
close to the ADE-based limit, thereby
not providing an adequate “margin of
safety.” Consequently, this scenario
presents a high probability of patient
exposure. It should be noted that al-
though no individual data point failed
the limit on the right (they would pass
in a traditional cleaning validation),
the statistical evaluation demonstrates
that failures are likely (PPM > USL =
13,532) and the cleaning process has
a risk of failures (i.e., exceeding the
ADE-based limit).

It can be seen that the Cpu can be
easily used as a measure for the “prob-
ability of exposure” parameter in the
cleaning validation risk evaluation.

Figure 4 shows an actual evaluation
of a very low hazard product using
total organic carbon (TOC) analysis.
Using the ADE, the calculated swab
limit was 3179ppm (USL value) in the
analytical sample. Because the clean-
ing procedure was effective, the TOC
swab results were far below this limit,
resulting in a Cpu value of 6120 with a
lower 99% confidence limit for the Cpu
of 3084. To put this result into perspec-
tive, in a Six Sigma organization, the
goal for a process capability is only 2.

ALL FIGURES ARE COURTESY OF THE AUTHORS.
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Figure 3: Using Cpu and acceptable daily exposure (ADE)-based limits to evaluate two cleaning processes.

(a) Process performance capability of hypothetical cleaning process (b) Process performance / capability of hypothetical cleaning process
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Figure 4: Process capability for an actual cleaning process. LSL is lower specification

limit. USL is upper specification limit. PPM is parts per million. CL is confidence limit.

Process capability of XXXXXXXXX TOC Results (PPM)
(using 99.0% confidence)

3,179 ppm

Process data
LsL *
Target *
usL 3179
Sample mean 0.51405

ADE Limit =
]

e \\Vithin
|== == Overall

Potential (within) capability
Cp *

Sample N 12
StDev (Within) 0.173114
StDev (Overall)0.236707

Wide margin of safety

Cpk = 3084 Lower CL 3084.72

ppm = 0_00 oo Overall capability I
Lower CL
PPL -
PPU 4475.99
Ppk 4475.99
Lower CL 2255.99
cpm *

Lower CL
CPL
CPU
Cpk

6120.21
6120.21

0 500 1000 1500 2000 2500 3000

Lower CL

Observed performance | | Exp- within performance
PPM < LSL *
PPM>USL  0.00

PPM Total 0.00

PPM > USL
PPM Total

0.00
0.00

Exp. overall performance
PPM < LSL *1| PPM < LS *
PPM > USL
PPM Total

L
0.00
0.00

Clearly, this analysis shows a very low-
risk cleaning situation.

How 0.001 dose limits
interfere with the evaluation of risk
The implementation of the ADE as the
starting point in limit calculations for
cleaning validation has required revis-
iting older calculations that use 0.001
dose and 10 ppm. This has revealed
situations where the previous limits
were not low enough and potentially
posed a risk to patients, and situations
where the previous limits were lower
(often much lower) than those calcu-
lated using the ADE.

Figure 5 shows a comparison of the
ADE values vs. 0.001 of the lowest
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clinical dose for 304 pharmaceutical
products (data were provided by sev-
eral pharmaceutical companies). The
data were plotted as a ratio of the ADE
to the 0.001 dose, which makes 1.00
on the Y axis the point at which the
ADE equals the 0.001 dose (Note: the
ratios had to be plotted on a logarith-
mic scale in order to get all the data
on one graph because the values of the
ratios varied widely).

These ratios show that, in more than
15% of the cases, the ADE was lower
than the 0.001 dose including two
instances in which the ADE was 100
times lower indicating a potential issue
for patient exposure. However, these
ratios also show that in 85% of the

cases, the 0.001 of the lowest clinical
dose was lower than the ADE. In fact,
of these cases, 47% were 10 times lower,
12% were 100 times lower, and there
were six instances that were 1000-8000
times lower than the ADE. This dem-
onstrates that, for the vast majority of
drugs, the 0.001 dose limit has been
overly conservative.

While at first it may be startling to
realize that most cleaning acceptance
limits based on the use of 0.001 dose
have been grossly overstated, the most
important thing to realize about the in-
crease in cleaning acceptance limits for
most APIs as a result of implementa-
tion of health-based ADEs is its impact
on the ability to evaluate the true risk.
Figure 6 shows how the true margin of
safety can now be measured using the
ADE-based cleaning acceptance limit.
Where cleaning data were close to fail-
ing using the 0.001 dose-based limits
and had a poor Cpu, moving to the
ADE-based limits shows that there is
a wide margin of safety and an excel-
lent Cpu.

Figure 7 is a comparison of the
ADE/0.001 dose data of one of the
products from Figure 5. A hypothetical
set of TOC swab data with a mean of
75 parts per billion (ppb) and a stan-
dard deviation of 7.5 ppb was evalu-
ated against analytical swab limits
calculated using both the ADE and
the 0.001 dose limits for that product.
The calculation of both analytical swab
limits assumed a maximum daily dose



of 1000 mg, a batch size of 500kg, and
a total surface area of 100,000 in* for
the next product. For sampling, a swab
area of 100 in?, a dilution volume of
10 mL, and a recovery factor of 100%
were assumed. This resulted in an
ADE-based analytical swab limit of
250,000 ppb and a 0.001 dose-based
analytical swab limit of only 100 ppb.

For the ADE-based limit on the left
of Figure 7, there is a wide margin of
safety with a Cpu of 9224 even for the
99% lower confidence level. Because
they are calculated from the mean
and standard deviation, Cpus can have
confidence intervals calculated just as
any mean can). Using the 0.001 dose-
based limit, there is no margin of safety
and a Cpu of only 0.84 for the 99%
lower confidence level. The true mar-
gin of safety cannot be measured using
the 0.001 low-clinical dose-based limit
methodology. Applying the 0.001 low-
clinical dose based limit, the process
capability is artificially low across most
of the compounds and could likely lead
to false conclusions of cleaning failures
for low risk products.

How 10-ppm limits interfere

with the evaluation of risk

Back in 1993, Fourman and Mullen
had recognized that limits calculated
based on dose increased as the potency
decreased and resulted in higher and
higher limits for low potency (i.e., high
therapeutic dosage) drugs (3). To ac-
count for this effect, they suggested
that a 10-ppm limit be imposed when
the 0.001 low-clinical dose-based limit
went too high and the maximum al-
lowable carryover (MAC) into the next
batch would exceed 10 ppm. The only
justification these authors provided
was that maximum allowable ppm
limits were used in the food industry.
There was no explanation as to why a
maximum value of 10 ppm was selected.
In the graphical representation in Figure
8, the implications of imposing the ar-
bitrary lower limit of 10 ppm criterion
after applying the 0.001 dose-based
limit are seen. The end result is that,
after a certain point, all lower potency
drugs have the same cleaning accep-

Figure 5: Comparison of acceptable daily exposure (ADE) vs. 0.001 dose limits.
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Figure 6: Improved process capability moving from 0.001 dose to acceptable daily
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tance limit, regardless of how low their
potency or how low their risk levels are.

As seen in Figure 6, the true margin
of safety cannot be measured when
imposing the 10-ppm limit as shown
in Figure 9. The 10-ppm limit simply
cuts off, or truncates, the ability to
measure the margin of safety, making
a relatively low-risk compound look
like a high-risk compound, because
the 10-ppm limit is only imposed when
the 0.001 dose limit is higher than the
10-ppm limit. Figure 9 illustrates a hy-
pothetical example of a low potency
drug where the ADE is higher than the
0.001 dose-based limit, which in turn is
higher than the 10-ppm criterion (data
not to scale).

Conclusion

The recent implementation of a regu-
latory requirement mandating the
use of health-based cleaning limits
for shared medicinal manufacturing
facilities has resulted in a significant
increase in the level of cleaning lim-
its for most drugs. It should be under-
stood that the previous use of 0.001
low-clinical dose limit, in the case
of most APIs, has been excessively
conservative, which has caused sig-
nificant needless complications with
manufacturing operations, especially
for low-hazard products. Many com-
panies have gone from using dispos-

Contin. on page 54
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Contin. from page 51

Figure 7: Comparison of using acceptable daily exposure (ADE) vs 0.001 dose for same data. LSL is lower specification limit. USL is

upper specification limit. PPM is parts per million.
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while knowing that their products
were low risk. While there have been
calls to return to the 10-ppm and
0.001 dose limits as they are more
¥ stringent, this reversion would simply
- This additional have the industry using limits that do

: ;'s":::,?::l‘e‘;fsf::?y" not Fonsider all t.he pre-clinical and

# 10 ppm limit! clinical data available for each APIL.
And worse, it would perpetuate the

N ERE T many unjustified operational issues
truncated in this range for low-hazard products. If the argu-
ment for stringency was truly valid,
the case should be made to move to a
0.00001 low-clinical dose limit to also
cover those 15% of the compounds
where the ADE concept has revealed
that the 0.001 low-clinical dose limit
has been insufficiently protective.
Thus, reverting to the 0.001 low-
clinical dose limit would be against
the science- and health-based evalu-
ation process EMA has sought to in-
stitute for cleaning validation. More-
over, such a move would lead to many
- 10 ppm limit products being falsely judged as fail-
¥ “Apparent lower margin of safety” ing cleaning validation, and perhaps

m% ultimately requiring their manufac-

ture in dedicated facilities. The pro-

posal to keep cleaning limits as low

A ) A as possible is not a valid argument if
nividual swab resls the real goal is to correctly and objec-

tively identify and control the level of
risk to the patient. Maintaining the
able items such as scoops and other pieces of equipment, or even entire 10-ppm limit as a default to prevent
utensils, and modifying manufac- manufacturing lines to deal with excessive carryover is equally unjusti-
turing schedules, to dedicating parts, these artificially low limits, all the fied, as “visually clean,” a third crite-

Figure 8: Effect of imposing 10 ppm on margin of safety.
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Figure 9: Margin of safety is truncated by imposing 10-ppm limit. ADE is acceptable
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rion not discussed herein and which
is almost universally implemented
to satisfy the inspection criterion
required by 21 Code of Federal Regu-
lations (CFR) 211.67(b) (15), is more
than satisfactory to keep any product
carryover low.

The pharmaceutical industry has
been moving toward a science and
risk-based approach since 2001 with
the roll out of FDA’s CGMPs for the
21st Century (16), the process ana-
lytical technology (PAT) initiative
(17), the process validation guidance
(18), and the ICH Q series guidelines,
among others. While this movement
has been slow, the authors believe that
the time is right for cleaning valida-
tion to embrace a science and risk-
based approach to acceptance limits,
in conjunction with the process capa-
bility methods identified here.

According to ICH Q9, “The level
of effort, formality, and documenta-
tion of the quality risk management
process should be commensurate
with the level of risk.” Consequently,
cleaning validation efforts should be
focused on where the risks are, with
the science behind the ADE inform-
ing us which products have the great-
est risk (see Figure 10). This was one
of the stated goals of the Risk-MaPP
Guide. The Cpu then informs us what
the probability of patient exposure is
and can be used to complete the cal-
culation shown in Equation 2.

Continuing the use of 10-ppm
and 0.001 low-clinical dose criteria
obscures the true patient risk and
presents a potential compliance gap
as well as operational difficulties,
which is why both of them should be
abandoned. With the requirement to
have established API-specific ADEs,
the 10-ppm and 0.001 low-clinical
dose should now be relegated to a
chapter of history. The ADE must
now be used for risk assessment for
all products. In concert, statistical
process control (SPC) methodologies
should be used for establishing ongo-
ing cleaning validation limits based
on actual process data as has previ-
ously been described (12).

Figure 10: Cleaning validation effort determined by level of risk. ADE is acceptable daily

exposure.
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