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FUNDAMENTAL CONCERNS REGARDING “ORGANIC” COMPOUNDS

My first concern for organic APIs are that the guidance being provided is, in the case of
impurities in organic pharmaceuticals:

1.

2.

3.

Inappropriately subjugates toxicity concerns to level concerns;

Fails to set different criteria for drugs used to treat chronic conditions where patient exposure

occurs over a long period from drugs that are only used for short periods of time to treat an
acute condition;

Fails to assure that the APIs produced currently are, if not safer than originally, at least as safe
(pure and stable) as the API for which the innovator originally obtained approval.

While setting a “O.1 ?40” impurity limit on a new drug product maybe adequate because of the

extensive chronic toxicity testing required, setting a limit at an “apparent level of 0.1 ‘M’ for ANDA
products without any “up front” requirements for toxicity assessment does @ assure the health and
safety of the public. In this area, I think that one of two approaches should be pursued.

In the first of these, where the impurity profile and toxicity data for the innovator’s API has
been studied extensively and published, the toxicity of the impurity fractions from the appropriate
high resolution semi-prep and preparatory chromatographic separations using highly purified solvent
systems that leave little or no residual trace organics behind when the solvent used to generate the
fractions is removed should be compared to the literature values for the like-eluting known impurities
in the same fractions for the innovator’s bulk drug. ~5”
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In cases where published impurity information (toxicity and identification) is lacking, an
approach similar to the one adopted by the EPA in the late 1970’s would be a more scientifically
sound approach than the one proposed in the draft guidance. [In the 1970’s, the EPA in regulating
pesticides set the limit for identifying organic impurities in biocides as essentially “O.1 ?4.or lower depending
upon the toxicity of the impurity” even though these material are not consumed by the public as a whole and
worker exposure is supposed to be at very low levels. Most responsible firms set internal limits at 0,05 ‘Aor
lower, down to less than 10 ppm (0.0001 ‘Mo),depending upon the toxicity of the compound and even with
cruder analytical tools available at the time were able to determine the structure of impurities in technical
biocidal bulk materials that are much more complex because their typical purity levels were and are usually
significantly lower than pharmaceutical actives. The Analytical R&D Department of the firm for which I
worked fi-om the mid 1970’s to the early 1980’s was able to meet the EPA’s requirements, using
chromatographic procedures (HPLC and GC) for impurity resolution, chromatographic procedures (TLC,
HPLC, LC) for fraction isolation, and mostly low-resolution quadrapole Mass Spectral (MS) analysis for
identification of the structure of the impurities present with high-resolution MS, NMR and X-ray
crystallographic confirmation in critical cases.]

Furthermore, based on reported “resolved” adverse impurity instances (such as that for the
low-level impurity in l-tryptophan [and possibly structurally related compounds such as
S-hydroxy-l-tryptophan] where the impurity in question is toxic at levels below 0.01 percent) and the
other unresolved ones, a procedure that begins by setting an “apparent levels of 0.05 percent, 0.1
percent, or 1 mg per day” decision points as the main classifier (for which compounds need to be
identified and which do not) is both arbitra~ and, based on the historical evidence, not scientifically
sound. Secondarily, the use of apparent relative response factors, based principally on UV/Vkible
spectroscopic comparisons, as is the current industry practice is problematic because, in the worst
case, the relative responses of a toxic impurity may be several orders of magnitude less than that of
the API throughout the UV/visible region.

Third, while components that elute at different times in a chromatographic run can validly be
classified as being different, components eluting at the same time as a known component cannot be
validly classified as being the same based solely on the elution time correspondence observed. Thus,
at a minimum, the guidance should specifi that full spectral band correspondence should be
demonstrated before an impurity component is tentatively classified as being the same as found in the
innovator’s approved product and that the “apparent percentage” cutoff values be at that wavelength
where the impurity has the highest relative response to the API itself. Moreover, the ANDA
submitter should be required to verifj that the structure of the component identified as being the
same as the innovator’s identified impurity does, in fact, have the same exact structure (down to the
level of the atomic substitution pattern throughout the structure) as the innovator’s corresponding
known characterized impurity.

Finally, given that the late 1970’s requirements of the EPA were successfully met using
analytical equipment that, by today’s standards, had less sensitivity, and was much more costly and
difficult to operate in a manner that produced reproducible values than available to today’s company,
and the safety risk that a low-level impurity could present, some type of broad toxicity assessment
should be required for the impurity fractions from the API produced by each source. Thus, each firm
should be required to provide an impurity profile for each API batch they produce along with a
“standard” impurity profile and limits for all impurities. Also, each API should be supplied with a
fingerprint IR capable of verifiing that a given lot of API has the same solid-state structure as the
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API used in the innovator’s API or, when an alternate source provider has established that a different
solid-state structure pefiorms acceptably, a structure that is the same as either the innovator’s API or
the alternate whose pefiormance has been proven to the same as the innovator’s filled approved
structure.

Based on the preceding, it is recommended that the guidance should be modified to require

the appropriate toxicity studies on the impurity fractions derived from the “mother liquor” of the final
purification of the active pharmaceutical ingredient. Then, if no evidence of significant acute or
chronic toxicity, or non-reversible tissue damage were found in a particular fraction, the firm should
identifi impurities down to the “0.05 percent level (at the wavelength where each impurity has the
maximum relative response to the active) for APIs that are intended to treat acute medical conditions
and to the 0.005 percent for APIs used to treat chronic conditions.

Should evidence of significant acute or chronic toxicity or irreversible tissue damage be
found, then all impurities in that fraction should be identified and appropriate limits set based on the
toxicity characteristics of each component down to at least a 0.01 percent, or lower, limit for drugs
for short treatment periods, or, if the drug is intended for the treatment of a chronic condition, a
0.001 percent, or lower limit.

Then, for any process change including change in source of raw materials, the API
manufacturer would need to confh-m that the product produced after the change had the same
impurity profile and physical-state structure as before the change, no matter how minor the change.
[After all, based on the published evidence, the critical impurity in the l-tryptophan case only became a
consumer safety problem after the purification process was changed to use less activated charcoal in a
recrystallization step because other process changes produced an apparently purer “crude” l-tryptophan.]

Furthermore, should any change be seen in the nature of the impurities in the profile or the
level of any impurity apparently increase by more than 25 VO from its filed nominal level for impurities
with limits at 0.2 0/0, or below; or more than 10 0/0 from its filed nominal level for impurities with
limits at above 0,2%; or exceed the filed maximum levels for the API by the innovator, then the API
manufacturer would need to conduct the same long-term toxicity studies as the innovator had
conducted and verifi that the alternate material was not significantly more toxic than the innovators.

In the area of inorganic impurities, the levels permitted should be no more than found in the
innovator’s API filings. Moreover, based on personal experience, the Agency should, in general,
require API manufacturers of organic APIs to reduce the levels of “extraneous” inorganic salts, such
as sodium chloride, to below 0.2 ‘A by weight or provide extensive scientific (not economic)
justification as to why such reduction is not required. In my experience, processes that produce
organic APIs containing significant levels of “extraneous” salts also tend to produce APIs that are
less stable.

Finally, having observed a manufacturer of generic “penicillin” APIs change the process so
that throughput was increased by removing a “extraneous” salts filtration step prior to crystallization
even though this significantly reduced the overall quality and stability of the API batches produced
and justifi the change because the product still met the USP criteria (even though it no longer passed
the BP’s clarity test), I know that the Agency should be informed of and carefilly review any
proposed change that increases the level of “extraneous salt” or that reduces the stability of the API
in its bulk form.

33 Hoffman Ave., Lake Hiawatha, NJ 07034-192233, USA Tel: 1-973-263-4843 . FAX: 1-973-3

e-mai~ drking@gti.ne



Pad G. King Consulting
SUPPORT IN CHEMICALS & PHARMACEUTICS

Therefore, in whatever form BACPAC is finalized, all process changes that do not improve

the quality and the stability of the API above the levels found acceptable in the FDA’s original
proapproval inspection (PAI) of a given manufacturer should be required to be submitted to the FDA
for review. Thus, “no annual” or “changes effective” process change should be allowed unless the
firm has proof that the process change either improves the quality or the stability of the API or, at a
minimum, does not reduce it. ~ this regard, the API currently produced by the innovator or an
FDA-approved contract or other manufacturer should, ~ be as pure and stable as the API that the
innovator received initial market approval for, regardless of the USP’S compendia lifetime specifications.
Moreover, to help assure that the quality of the drugs being produced is not being sacrificed, the Agency
should, at a minimum, require each currently acceptable API source to certi~ in writing for each API that they
currently produce that each API is produced in a manner that provides batches that are as pure and stable as
the batches used to obtain FDA acceptance or purer. Given the rampant “countetieiting” that the Agency is
well aware of (wherein APIs from an non-accepted source are sold as APIs from an accepted source), the
Agency should, at a minimum, also require that the certificate of analysis for each batch of API used in the
United States or used to make a drug product distributed in the United States carry the manufacturer’s written
certification that said API was produced under CGMP by the accepted manufacturer.]

FUNDAMENTAL CONCERNS REGARDING “INORGANIC” AND
“ORGANOMETALLIC” COMPOUNDS

Because there are only a few inorganic or organometallic drugs approved as pharmaceutical
active ingredients and the Agency and the industry employs few chemists with any in-depth
understanding of the complexities organometallic compounds, the requirements in this area need even
more work than those for “organic’ compounds.

Fundamentally, unlike classical pharmaceuticals, where the structure of the drug moiety is
mostly determined by covalent bonding, the exact structure of the most pharmacologically active
organometallic compound is determined by the exact nature of the coordination sphere around each
metallic center within the bulk material. Moreover, unlike organic pharmaceutical compounds and
their simple salts, dissolving the organometallic drug in any solvent risks changing the structure of the
drug in a non-reversible manner. Recognizing this reality, all organometallic drugs should be required
to have some solid-state identity test that can unequivocally confirm that each batch has the same
structure as the innovator’s drug. Given that the critical aspect of identit y that needs to be confirmed
is the coordination sphere around the metallic centers, the appropriate solid-state spectroscopic
techniques (including solid-state NMR) need to be developed and used to verifi that each batch of
API does have the correct coordination environment.

For example, in Sucralfate, an organoaluminum sucrose “octasulfate” complex, the current

USP testing provides no assurance that ~ API batches having the same solid-state structure as the
innovator’s API (sulfate oxygen occupying direct aluminum coordination sites) will meet the USP’s
monograph criteria. In fact, in the late 1980’s only three API lots from one source (but not other lots
produced at the same site between 1987 and 1989) submitted to the company for which I worked
had the same solid-state structure as the innovator’s CARAFATE @. Worse still, even though
CARAFATE had been off patent for some time, the samples of the generic products being marketed
at that time in Western Europe and Asia had a solid-state structure that was significantly different
from CARAFATE. Even the materials offered by the Japanese as being the same as innovator’s
materials had a different structure.
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Moreover, when Mylan conducted their clinical trials using drug product produced from a
Japanese-sourced API material that Biocrafi had rejected because it had the wrong solid-state
structure (only hydroxy oxygen occupying direct aluminum coordination sites), their drug product
was not effective in promoting the healing of stomach ulcers. In contrast, a comparative blinded
multiple-arm clinical trial design accepted by the FDA and conducted by Biocraft using a drug
product made from API batches that had the same solid-state structure as the innovator’s
CARAFATE was successful — the Biocrafl drug product had the “same” curative rate as
CARAFATE.

At the time when the work was initially performed, magic-angle solid-state *9AI-W a
somewhat time consuming and expensive test, was the only analytical technique that unequivocally
identified the API lots that had the correct structure. Since the late 1980’s, advances in solid-state
NMR that use ultrasonic excitation have reduced the analysis time and instrumentation and test cost
to the point that neither time nor cost is a significant impediment. However, though both the Agency
and the USP are aware of this problem, neither has acted to require that the conilrmation of the
solid-state coordination environment as a prerequisite for either batch release or product acceptance.
Moreover, once formed, there is no way to dissolve a “aluminum sucrose octasulfate complex”
material without disrupting it structurally.

Given the complex nature of the coordination chemistry of aluminum and the exactness of the
conditions required to produce the structurally correct “aluminum sucrose octasulfate complex,” it is
possible that some of the current lots of “Sucralfate” API are, like the MyIan trial material, not really
the active form of the drug at all. Given this reality, it is possible that some patients are taking a drug
product that, based on the Mylan trial results, is effectively a “placebo.”

For the preceding reasons, the Agency is again urged to require that all organometallic APIs
have their solid-state coordination structure appropriately confirmed as a condition of their release.
In the case of Sucralfate, the Agency is encouraged to have their analysts look at the solid-state
structures of the Sulcralfate in the current tablet batches and confirm that each has the same structure
as that of the innovator’s CARAFATE batches as characterized by Biocraft in the late 1980’s. Based
on the results from both Biocraft’s and Mylan’s comparative clinical trials, any batch of Sucralfate
drug product that fails to exhibit appreciable sulfate oxygen coordination to the aluminum (about the
same as seen for the appropriate “aluminum sulfate”) is not the drug for which the innovator obtained
approval. based on the Agency’s findings, the appropriate actions should be taken.

In summary, the guidance for “organometallic” drugs should require that the coordination
environment around the metal ions be confirmed in the solid state for all such compounds that are
directly incorporated, without structural modification, into solid dosage forms or suspensions. For
“organometallic” APIs that are dissolved in another material, their monographs should also require
the establishment of coordination sphere equivalence as a condition for the release of each batch
produced.
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CONCLUDING REMARKS

Overall, the guidance offered is well constructed and, except for the weaknesses alluded to
previously, a sound draft. Regretfully, neither initially nor this time was there sufficient time available
tome for reviewing this draft and commenting on it in greater detail.

Hopefidly, the comments that have been made will, in some small way, help improve the final
guidance or, failing that, assist the Agency in understanding where the problem areas are based on my
experience in the industry.

Paul G. IGng, Pk.D.
Consultant
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