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1. I ntroduction

The interference of pharmaceuticals with the immune system can be the intended active
principle of atherapeutic, asit is the case with immunosuppressants that are used in organ
transplantation treatments. On the other hand, unwanted changes in functionality of the
immune system can lead to an adverse drug reaction. In this sense, administration of
immunotoxic therapeutics may result in various forms of disturbances of the immune system.
Probably the most dangerous forms of immunotoxicity are hypersensitivity and autoimmunity
induced by the administration of pharmaceuticals. Indeed, several pharmaceuticals have been
withdrawn from the markets due to induction of such immunotoxic effectsin patients.

At afirst glance, suppression of immune functions appear to be less critical than
hypersensitivity and autoimmunity, with the exception of cytotoxic anti cancer drugs and long
term immunosuppressive therapy of patients that received organ transplantation (10).
Nevertheless, unintended immunosuppression can be amajor health risk for patients that are
aready immunocompromised or are at risk of immunodeficiency for other reasons.
Awareness that pharmaceuticals can cause avariety of immunologically mediated adverse
effects in patients has been constantly growing over the past two decades. Some of the early
systematic observations of immunotoxic effects of pharmaceuticals refer to the anaphylaxis
associated with penicillins, the increased incidence of infections in tumor patients treated with
cytotoxic compounds and a higher risk of organ transplant recipients treated with drugs such
as azathioprine to develop atumor (24). It isimportant to know that all these early
observations of adverse effects were made clinically. The obvious lack of adequate preclinical
animal studiestriggered efforts by several research groups to develop assays for the detection
of immunosuppressive effects (7,8).

Asaresult, strategies were devel oped to assess immunotoxicity in rodents by incorporating
immune parameters in the routine protocols of repeated dose studies. These tiered test
strategies were originally aimed at the detection of immunotoxic potentials of industrial and
environmental chemicals, but were later adopted by the pharmaceutical industry. The basic
issue in the discussion of the tier approach in pharmaceutical safety assessment was about the
clinical relevance of findingsin some of the tier assays in the absence of more general signs
indicative of immunotoxicity in standard toxicology studies (19).

It isthe aim of this study to review the requirements for non-clinical immunotoxicity
assessment within the regulatory framework of the major pharmaceutical markets (EU, US,
Japan) and to analyse the harmonisation efforts of the ICH process that recently reached step
2 with the release of the draft for the “ICH S8 guideline on Immunotoxicity Studies for
human Pharmaceuticals’. Asthe regulations for the assessment of biologicals are defined e.g.
by the ICH S6 guideline on “Preclinical Safety Evaluation of Biotechnology-Derived
Pharmaceuticals’, they will not be covered herein.



Non clinical assessment of immunotoxicity 2

2. I mmunotoxicity

For along time, the term “immunotoxicity” has been used synonymous with
“immunosuppression”. With the emerging understanding of the immune system and the
mechanisms behind adverse drug effects elicited by immunotoxic pharmaceuticals, most
authors nowadays use the term in a broader sense.

Severa authors suggested to further divide immunotoxic effects into the two subcategories of
direct immunotoxicity and indirect immunotoxicity (45). Direct immunotoxicity can be
further divided into immunosuppression and immunostimulation, while indirect
immunotoxicity describes the reaction of the immune system in an antigen-specific way and is
usually expressed as hypersensitivity and autoimmunity.

2.1. Immunosuppression

Immunosuppressive effects of pharmaceuticals are well known based on the experience
following the introduction of immunosuppressive drugs in the early 60s. There are two major
types of adverse effects of immunosuppression, namely virus-induced malignancies and
infectious complications.

Early observations of patients receiving immunosuppressive treatments (e.g. cyclosporin,
azathioprine) following organ transplantations provided evidence of an increased risk of
lymphoproliferative disorders and skin cancers. This effect is independent of the
immunosuppressive drug used and malignancies are more frequent when immunosuppression
ismore profound. For example, cardiac transplant patients undergoing a more aggressive
immunosuppressive therapy show an increased incidence of lymphomas compared to renal
transplant patients (50). Very often malignancies caused by immunosuppressive drugs are
associated with latent viral infections (e.g. Ebstein-Barr virusin B lymphomas or HSV 8in
Kapos“s sarcoma) (49).

Most immunocompromised patients suffer from frequent and relapsing infections. In
principle, al types of pathogens like bacteria, viruses, fungi and parasites can beinvolved in
these infections. Nevertheless, some pathogens are more often found in the patients, e.g.
mycobacteria, Ebstein-Barr virus and Listeria monocytogenes.

2.2. Immunostimulation

Immunostimulation results in prolonged or excess inflammatory reactions against a pathogen.
In addition, dysregulation of the immune system can facilitate the development of allergy or
autoimmune reactions that may have other causes than immunostimulation itself. The
development of autoimmune diseases in patients receiving treatment with interferons or
recombinant IL-2 has been reported in several studies (26). The predominantly immune
disease in cancer patients receiving recombinant I1L-2 is the development of autoimmune
thyroiditis, while hepatitis-C patients treated with interferon-a do not have a preference for a
specific type of autoimmune disease. At least in some cases a genetic predisposition of
unknown nature appears to be of some importance (12). Hypersensitivity to unrelated
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alergensisarather rare event. One exampleisthe use of IL-2 in cancer treatment, with
several studies showing an increased risk for patients to develop hypersensitivity reactions to
radiocontrast media (38) or to chemotherapeutic agents (20).

Flu-like reactions like hyperthermia, arthralgias and malaise have a so been reported. In
serious cases the reaction can be very severe with a body temperature >40°C and
cardiovascular and neurological symptoms. (12).

An adverse effect of immunostimulative drugs that is often overlooked is the reduction of
activity of certain drug-metabolising enzymes. Experimental data and human studies show a
negative impact of several drugs including interferon-a or influenza vaccines on drug
metabolism, resulting in clinically significant drug interactions (37,18).

2.3. Hypersensitivity

Drug hypersensitivity describes a severe, idiosyncratic multi-system reaction that usually
manifests as fever, rash, and the involvement of inner organs. Although the incidence is not
known, it is afrequent and dangerous adverse event in drug treatment, with mortality
estimated to be around 8 % (52). Allopurinol, anticonvulsants (particularly carbamazepine,
phenobarbitone and phenytoin) and sulphonamides are among the most frequent causative
agents (43). Since hypersensitivity reactions can be either immune-mediated or non-immune-
mediated, the general term hypersensitivity has been recommended instead of allergy.
Although the limitations of the classification system introduced by Gell and Coombs have
become evident with increasing knowledge of immune mechanisms (13) most authors still use
the scheme to divide drug allergiesinto four pathophysiological types (see Table 1):

Type | (immediate — type) hypersensitivity reactions are reactions in which antigens combine
with specific IgE antibodies bound to membrane receptors on mast cells or basophiles. This
binding leads to the rapid release of vasoactive and inflammatory mediators, which trigger
vasodilation, increased permeability of capillaries, smooth muscle spasm, and infiltration of
inflammatory cellsinto the tissue.

Type |1 hypersensitivity reactions are cytotoxic reactions triggered by the binding of an
antibody to an antigen of acell or tissue element or to an antigen or hapten that is coupled to a
cell or tissue. The antibody reaction may activate cell-mediated cytotoxicity through killer T-
cells or macrophages. This reaction usually includes the activation of the complement system.
Type 111 reactions usually result from the deposition of soluble circulating antibody-antigen
“immune complexes’ in vessels or tissues. The immune complexes lead to an activation of
complement, which culminates in acute inflammation.

Type | Anaphylactic hypersensitivity depends upon the reaction
of an antigen with specific IgE antibody bound to mast cells
Type |l Antibody dependent cytotoxic hypersensitivity
Type Il Complex mediated hypersensitivity
Type IV Delayed type hypersensitity (i.e. contact hypersensitivity)

Table 1. Gell and Coombs classification of hypersensitivity reactions (36)
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Type IV, or delayed-type, hypersensitivity reactions are caused by sensitised T lymphocytes
activated by a specific antigen. The activated T-cells may cause immunologic injury directly
or through the release of lymphokines that activate other cells of the immune system.

2.4. Autoimmunity

Autoimmune diseases are pathologic conditions in which immune responses against
autoantigens produce structural and/or functional damage. While in the general population
autoimmune diseases are quite common, reports of drug — induced autoimmunity are rare
(12). Autoimmune diseases are generally distributed within a spectrum of “systemic” and
“organ- or tissue specific”. In systemic autoimmune diseases, the pathological responseis
directed against antigens present throughout the body, and consequently the lesions are also
widely distributed. Systemic Lupus Erythematosus (SLE) and Rheumatoid arthritis are
examples of systemic autoimmune diseases. Among the drug — induced autoimmune diseases,
the systemic forms are far more common than organ- or tissue-specific manifestations. In the
later, expression of the autoantigen is restricted to certain cells or tissues. Multiple Sclerosis
and Inflammatory Bowel Disease are examples of organ-specific autoimmune diseases.
Reports of drug induced organ-specific autoimmune reactions are rare and refer to only very
few drugs (e.g. penicillamine). Nevertheless, the events like the eosinophilia/fasciitis
syndrome associated with L-tryptophan underline that drug induced autoimmunity can affect
the general population and can result in significant morbidity and mortality (42).

2.5. Developmental | mmunotoxicity

The structural and functional characteristics of many organ systems differ significantly
between children and adults as a result of the growth and devel opment that takes place during
maturation. One example is the adult level of 1gG and IgA antibody response, which is not
achieved in humans until about 5 and ten years of age, respectively (32).

The ontogenesis of the immune system in vertebratesis awell characterised process. Major
features are multiple switching of haematopoietic compartments, migration of cellsinto
primary and secondary lymphoid organs and the differentiation within these organs under
microenvironmental influences. The time course of the development of the immune system is
considerably different between humans and rodents. While in humans most features of the
immune system are well developed by the end of the first trimester (13 weeks), in rodents
development continues throughout gestation and well into early postnatal life. In spite of these
differences in time course, the basic principles of the development are conserved between
rodents and humans, and the rat is considered the preferred species for the assessment of
developmental immunotoxicity (29).

Mainly based on the stages of immune system development, “windows of vulnerability” have
been proposed to exist during specific periods of immune ontogeny and are shown in Figure 1
(14).
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Figure 1. Relative time line of critical windows of exposure for immune system
development in mice and rats (29, adapted from [14]). Abbreviations: GD,
gestational day; PND, postnatal day.

The immune system of the foetus and neonates is characterized by Ty type of interleukins. In
the early postnatal period the immune system matures to provide a balanced Tyi/Th, state. It
has been shown that infections and vaccinations, that may influence the Ty,/Ty, baance, have
an impact on the maturation of the immune system (48).

Taken into account that many cellular and molecular processes are specific for the developing
immune system and are no longer present in the adult vertebrate, it is far from surprising that
certain drugs that have no immunotoxic effect in adults can be a serious hazard for the

devel oping immune system. One such exampleis Acyclovir, which has no immunotoxic
effectsin adults. In contrast, perinatal exposure to asingle dose at day 10 of gestation resulted
in abnormal thymus development and reduced thymus weight in the offspring. Host resistance
and antibody production was reduced in the Trichinella spiralis host resistance model, a
highly T-cell dependent defence model (41).

3. Relevant assays

The immune system is one of the most complex systems of the mammalian organism. An
effective immune response to a pathogen is based on the close interaction of many different
cell types and functional responses. Drugs can interfere at many different points of this
sophisticated system and hamper the ability of the organism to establish an effective immune
response.

Due to the complexity of the immune system, derangements cannot be detected by asingle
test. Consequently, tiered approaches combining multiple tests have been devel oped that
address different aspects of the immune system.

3.1. Immune suppression/lmmune enhancement

In the last two decades, many methods have become available in animal models to assess
aspects of immune disturbance after exposure to chemicals, both in vitro and in vivo
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(7,33). Methods for assessing direct immunotoxicity in experimental animals may be
classified into two principal categories: Non-functional tests and functional assays.

3.1.1. Non-functional tests for immunopathology

Most of the non-functional test can be included in the standard repeated dose toxicity tests.
The major parameters are:

Determination of body and |ymphoid organ (spleen, thymus, kidney, liver) weights.
Changesin body weight may give information on the general health status of the animal.
Changes in the weight of lymphoid organs can be indicative for immunotoxic effects, but
should always be combined with a thorough histological examination of these organs.

Histopathol ogy
The thymus usually is the first organ that shows morphological changes after exposure to

immunotoxic agents. Changes can be a decrease in size or an expansion of a distinct
compartment of the organ which does not result in altered total organ weight (27). Since
histological changesin lymphoid organs are often the first evidence for altered immune
function that are observed in general toxicity testing, the relevant OECD guideline 407 on 28-
day repeated dose toxicity test was revised in 1995 to include weight and histological
examination of spleen, thymus, Peyer’s patches and draining and distant lymph nodes.
Histopathology according to OECD 407 is able to detect the majority of substances with
known immunotoxic potential (47). Nevertheless, performance of the methods depends
strongly on the use of standardised procedures and terminology (27).

Complete blood and differential counts

Haematol ogical changes, usually seen in peripheral blood samples, can be evidence of

myel osuppression. Parameters to be evaluated are total leukocyte counts and absolute
differential leukocyte counts.

Serum globulins are arather insensitive marker of immunotoxicity. However, changesin
globulins that occur without a plausible explanation can indicate potential immunotoxicity
and provide additional information for the better understanding of the target cell population or
the mechanism of action.

L ymphocyte subpopulation assessment
Usually done from peripheral blood, spleen and bone marrow by FACS or immunohi sto-
chemistry.

3.1.2. Functional tests to evaluate functional competence of immune cells

The functional tests intend to study the consequences of immunotoxic effects on the
performance of different components of the immune system (e.g. non-specific responses by
macrophages and natura killer cells, humoral and cellular responses). The most relevant
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endpoint for immune dysfunction is altered host resistance as it reflects the functionality of
the immune system in toto (46).

3.1.2.1. Ex vivo/in vitro cell immune function assays

Ex vivo/in vitro immune function assays are defined as assays in which constituents of the
immune system are evaluated for their ability to perform a specific function. In ex vivo
assays, experimental animals are exposed to the test compound and a challenge with a
specific antigen is given. The immune function is assayed by measuring the specific
immune response using serum or isolated cells (23).

Primary antibody response to T-cell dependent antigen

Also known as Plaque-forming cell assay, this test measures the ability of isolated spleen cells
(B-cells= PFCs) to generate IgM and IgG to a T cell dependent antigen, for example sheep
red blood cells (SRBC), keyhole limpet haemocyanin, or tetanus toxoid. The T-cell dependent
antibody response is often recommended as a follow-up assay for immune function studies.
The T-cell dependent assay demonstrates most components of the classical immune response,
including B cell release of antigen specific antibody, macrophage antigen presentation, and T
helper cell lymphokine production for B-cell proliferation. Using sheep red blood cells as the
T-cell dependent antigen, the assay demonstrates an organized immune response dependent
on the functional capacity and cooperation of numerous cell types. Due to the involvement of
both cellular components and the antibody response, the assay is sensitive and frequently used
asaninitia immunotoxicity assay. It should be taken into consideration that the SRBC assay
does not describe the mechanism of immunosuppression. Use of T-cell independent antigens
such as lipopolysaccharide, which requires only B cells for an antibody response, or
dinitrophenyl-ficoll, which requires B cells and macrophages, may be of use in characterizing
the cell types subject to immunosuppression. Since SRBC vary considerably in their
immunogenic potency and are not available as a standardised reagent, the use of better
defined antigens is encouraged by many researchers.

The assay may be modified using ELISA and ELISPOT as the readout to quantify antibody
response and antibody-producing cells, respectively (25,44).

Natural killer cell activity assessment

Natural killer (NK) cells constitute the immune system’ s first line of defense against tumors,
virus infected cells, and cells carrying adifferent type of major histocompatibility (MHC)
Class| at the surface. This protective action executed by NK cells is spontaneous and
selective in the sense that no pre-activation is needed and that normal cells are not targeted.
Assessment of NK activity gained substantial importance in the non-clinical evaluation of
immunotoxicity with the EMEA NfG (note for guidance) on repeated dose toxicity
(CPMP/SWP/1042/99) that accepts atest of NK cell function in combination with
immunophenotyping of lymphocyte subsets as full aternative to the evaluation of primary
antibody response to a T-cell dependent antigen.
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The cytolytic activity of NK cells (effector cells) is most commonly monitored by quantifying
the relative number of tumor cells (target cells) that have been killed following co-incubation
with NK cells. Effector cells are isolated from the spleen or peripheral blood.
Studies of NK cell function can be performed either ex vivo on subjects treated with the test
substance, or in vitro after addition of the test substance directly to the cell cultures. Most
commonly, NK cell activity is determined by the >*Chromium release assay or by aflow
cytometry assay (3).
For the>*Chromium release assay effector cells are collected from the spleen or peripheral
blood. The spleen is prepared as a single cell suspension and depleted of red blood cells.
Effector cells and target cells are mixed after |abeling with *'Cr. The cell cultures are
incubated at 37°C and 5% CO2 for 4 h. The supernatants are harvested and the radioactivity is
measured. The amount of radioactivity is proportional to the number of killed target cells
(15).
For the flow cytometry assay, effector cells are isolated as described for the *'Cr-rel ease assay
and stained e.g. with carboxy-fluoresceine succcinimidyl ester (CFSE). Cell cultures are
incubated for 18 h at 37°C, 5% CO2. Propidium iodide is added and the samples are measured
by flow cytometry within 60 min. Two thousand target cells are collected and the results are
given as percentage of dead targets gated in adot-plot. (3). The flow cytometry assay
facilitates the incorporation of NK cell assessment into repeated dose studies as fewer cells
are needed and it circumvents the need for the use of radioactive markers.
Other functional ex vivo/in vitro tests include

Test for macrophage activity

Antigen specific antibody responses

Responsiveness to B-cell mitogens (LPS)

Responsiveness to T-cell mitogens (PHA, ConA)

Mixed lymphocyte reaction (MRL)

- Cytotoxic T lymphocyte cytolysis.

A detailed description of these assays is beyond the scope of this studies and can be found
elsawhere (e.g. [2])
The ability of ex vivo/in vitro immune functional assays to detect immunotoxic properties of
test compounds has been evaluated. Several groups determined the concordance between the
results of a battery of ex vivo/in vitro functional immune assays and a set of host resistance
models which are generally regarded as the most relevant test for immune system
functionality (30,31). A number of individual tests showed a high concordance (>70%) for the
outcome of the host resistance assays, with the test of the primary antibody responseto T-cell
dependent antigen (e.g. SRBC) being one of the most sensitive assays. Used in combination
with either the NK cell activity test or surface marker analysis a pairwise concordance for
predictability of more than 90% is achieved.

3.1.2.2. In vivo disease models

Since the major function of the immune system is the protection of the organism against
infection or neoplastic diseases, most researchers consider assays that directly test the
resistance of the host against an infectious or neoplastic agent to be the most relevant to
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examine the possible impact of a compound on the immune system, especially as they
indicate clinically relevant changes.

In general, experimental animals are challenged with either an infectious agent or a
transplantable tumor at alevel sufficient to produce disease in alow number of animals. Over
the past decades, the endpoints of these host resistance assays have evolved from relatively
non-specific (e.g. animals morbidity) to more quantitative (e.g. viral titres or bacterial cell
counts) parameter, thus significantly increasing the sensitivity of the assays. An overview of
commonly employed host resistance modelsis given in Table 2. Usually, it is not necessary to
perform all of these host resistance assays. The appropriate models should be selected based
on experimental consideration and the results obtained in previous experiments.

Challenge Endpoints

Listeria monocytogenes Liver CFU, spleen CFU, morbidity
Sreptococcus pneumoniae Morbidity

Plasmodium yoelli Parasitemia

Influenza virus Morbidity Morbidity, viral titer/tissue burden
Cytomegalovirus Morbidity, viral titer/tissue burden
Trichinella spiralis Encysted larvae, adult parasites
PYB6 sarcoma Tumor incidence (subcutaneous)
B16F10 melanoma Tumor burden (lung nodules)

Table 2: Commonly employed disease resistance models (16)

3.2. Hypersensitivity

From case to case, hypersensitivity reactions can have different agtiol ogies, which require
various methods for the assessment of the hypersensitivity potentia of pharmaceuticals.

3.2.1. Assaysfor Typel hypersensitivity

The Passive Cutaneous Anaphylaxis (PCA) or the Active Systemic Anaphylaxis (ASA) assay
in guinea pigs are the main assays to study type | hypersensitivity (anaphylactic) reactions.

In principle, in the PCA, the IgE-containing serum of guinea pigs sensitised to the test
compound isinjected intradermally in anaive animal. Subsequently, the animals are
intravenously challenged with the compound and adye. After arest period the skin of the
animalsis evaluated. The local vascular permeability resulting in extravasation of thedyeisa
measure of the amount of antigen-specific IgE present in the original injection.

The ASA assay is used to determine whether a drug can induce anaphylaxisin an animal
following immunization with the drug. Guinea pigs are sensitised to the test compound in
combination with adjuvant (via various routes of exposure); subsequently, the animals are
challenged with the test compound either i.v. (ASA) or dermally (ACA) and the shock
reaction or skin reaction is monitored.

A recent analysis of the correlation between immune—based assays (namely ASA/PCA) for
hypersensitivity in the guinea pig and reported post-marketing systemic hypersensitivity
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reactions suggests that these assays have only limited ability to predict human systemic
hypersensitivity potentia of pharmaceuticals (51).

3.2.2. Assaysfor Typell and Typelll hypersensitivity

Basically, no standard preclinical methods are available to evaluate the potential of a
compound to evoke Type Il or Type I11 hypersensitivity reactions. In some cases, suitable
biomarkers may be available for assessing the sensitising potentia of the drug (Putman et a
2003)

3.2.3. Assays for Type |V hypersensitivity

The guinea pig is the model animal for most methods to study contact sensitisation (Type 1V)
potential of compounds (51).

The guinea pig maximization test (GPMT) with the use of an adjuvant and the occluded patch
test of Buelher without adjuvant are most commonly used assays to identify skin sensitising
capacity. In both tests previously sensitised animals are challenged. Sensitisation is usualy
devel oped after 2-3 weeks following first exposure. 24 and 48 h after topical or intradermally
application of the challenges, the inflammatory reactions are measured as a function of
erythema and/or oedema (a qudlitative classification). The GPMT isregarded as a more
sensitive assay that may also, for certain substances, overestimate the sensitisation hazard of
the compound tested. The Buehler test isless sensitive.

Two additional testsfor Type IV hypersensitivity in the mouse have become available in
recent years.

The ear swelling test (MEST) is based on the evaluation of challenge induced reactionsin
previoudy sensitised animals. The sensitising potential is correlated to the degree of oedema
(ear swelling/thickness at 24 and 48 h after exposure) and the percentage of animals
displaying areaction.

The loca lymph node assay (LLNA) measures the primary T-cell response through
incorporation of radiolabelled thymidine in the draining lymph node following topical
application on three consecutive days to the mouse ear. In contrast to the guinea pigs assays
and the MEST, the LLNA has a quantitative endpoint and measures the initiation phase,
rather than the elicitation phase, of the contact sensitivity. Additionally, the LLNA can be
performed in asubstantially short time frame, i.e. 6 days vs. 5-6 weeks for the guinea pig
assay and 12 days for the MEST.

3.3. Autoimmunity

The determination of autoantibody titresis afrequently used method to evaluate
autoimmunity. While for organ specific autoimmunity, the titre of a highly specific and
homogeneous autoantibody population isa critical parameter, the correlation of autoantibody
titres to more ubiquitous antigens like histones or DNA are only poorly correlated to the
autoimmune disease (11)
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The most important assay to detect the autoimmune inducing potential of pharmaceuticasis
the Popliteal Lymph Node Assay (PLNA) and its variations.

The direct (primary) PLNA measures the enlargement of the popliteal lymph node 6-8 days
after subcutaneous injection of the test substance in the hindpaw of a naive mouse or rat
(Figure 2).

(—I

Day 0:
Subcutanaous injection of
tast chemical without adjuvant

Day x (6-8):
Assass PLN response

Figure 2: Direct (primary) PLNA (from:[1])

The end point of the assay is either the ratio of cell numbers or weight of the draining lymph
node of control vs. treated animals. The primary PLNA is unable to assess the involvement of
T cdlls, i.e. discriminate between mere inflammatory agents and sensitisers.

The secondary or modified PLNA allows to assess the involvement of (memory) T-cellsin
the immune reaction. It detects challenge reactions in the PLNA to non-sensitising doses of a
compound in presensitised animals or in un-sensitised animals that received an adoptive
transfer of pre-sensitised syngenic T cells (Figure 3). The modified PLNA uses defined
reporter antigens TNP-OV A (T-cell-dependent antigen) and TNP-Ficoll (T-cell-independent)
to distinguish sensitising from non-sensitising (IgG1-response or not to TNP-Ficoll) and mere
inflammatory from complete innocent (IgG1 response or not to TNP-OVA) chemicals.
However, it should be noted that although the PLNA can discriminate sensitisers from non-
sensitisers, it cannot distinguish autoimmunity inducing compounds from sensitisers. Thisis
caused by the overlap between the mechanism involved in hypersensitivity and autoimmunity
responses (36).
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Figure 3: Secondary PLN assay (from: [1])

3.4. Developmental I mmunotoxicity

Therat is regarded as the species of choice for the study of developmental immunotoxicity in
terms of hazard identification. When it comes to address the mechanism of action, the mouse
and genetical mouse models should also be considered (21,5,39).

Basically, the assays used for evaluation of immunotoxicity in adult animals can also be
applied for studies on adverse effects on the devel oping immune system. As standard
immunotoxicity studies are usually performed in adult, mostly inbred rodents, evaluation of
developmental immunotoxicity requires a different experimental setup. Idealy, such a
protocol should

cover al critical exposure windows in the development of the immune system
should be incorporated into existing developmental toxicology protocols

should alow to study long term effects as well as recovery

should carefully consider the optimal time for measurement since certain
immunotoxic insults during prenatal development yield an effect only in the fully
mature immune system.

Severa experiments have been proposed (22). One procedure published by Chapin et a.(4)
proposed the integration into standard obligatory reproductive toxicology studies (Figure 4).
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Figure 4 : Schematic diagram of proposed experimental design in rats that include
Immunotoxicology testing (29, adapted from [4]).

Pregnant females are dosed from gestational day 12 to post natal day (PND) 7. Starting at
PND 8, the pubs receive the same dose as their mothers before until PND 42, which covers
the entire period of immunological ontogenesis. After PND 42, some animals are selected for
immunotoxicity assays like T-cell dependent antigen response, delayed hypersensitivity
response and NK cell activity. Histology and weight of immune relevant organs are also
analysed.

Limitation in this type of study isthat relatively few animals are examined, limited
mechanistic information is provided, and neiter long term effects nor recovery is routinely
assessed (29).

4. Regulatory requirementsin the | CH regions
41 EU

Of the three magjor global pharmaceutical markets, the European Union was first to implement
guidelines for the assessment of direct immunotoxicity in drug development.

EMEA recommendations on nonclinical testing for immunotoxicity are now part of the
revised NfG (Note for Guidance) on repeated-dose toxicity (CPMP/SWP/1042/99). In
principle, the guidance appliesto al conventional medicinal products except biotechnol ogy-
derived drugs and vaccines, for which separate ICH/CHMP guidelines exist (see NfG on
Preclinical safety evaluation of biotechnology-derived pharmaceuticals, CPMP/ICH/302/95,
and NfG on Preclinical pharmacological and toxicological testing of vaccines,
CPMP/465/95). The requirements, which came into operation in October 2000, are applicable
only at the stage of marketing authorisation application (MAA) and do not comprise aregion-
specific variation to the ICH M3 guideline on nonclinical studies to support clinical trials.

In the revised version of the “NfG on non-clinical local tolerance testing of medicina
products’ (CPMP/SWP/2145/00) guidance is provided for the assessment of the sensitising
potential of drugs that are intended to be applied to the skin.
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EU regulations are based on atwo step approach to evaluate the immunotoxic potentia of
drugs. Theinitia screening phase, using arat or mouse model preferably in a 28-day study
(14- or 90-day studies also being acceptable), comprises predominantly of non-functional
endpointsincluding

haematol ogy (differential cell counting)

lymphoid organ weights (thymus, spleen, draining and distant lymph nodes, Peyer’s

patches)

microscopy of lymphoid tissues

and

bone marrow cellularity.

Asafunctional assay, distribution of lymphocyte subset and NK-cell activity or aternatively
an assay to evaluate the primary antibody response to a T-cell dependent antigen (preferably
the sheep red blood cell test, SRBC) may be included in the initial screening phase for all
drugs.
Any changes observed in the parameters monitored in the initial screening may trigger
additional testing summarized as extended studies.
The goal of the extended studiesisto provide information on the type of immunotoxicity
observed, on the target cell populations(s) involved, and on the dose-response-relationship in
order to facilitate risk assessment. The need and design of the extended studies should be
determined on a scientifically motivated case-by-case basis. The extended studies consist of
functional assays and include:

Delayed-type hypersensitivity

Mitogen- or antigen-stimulated lymphocyte proliferative responses

Macrophage function

Primary antibody response to T-cell-dependent antigen (if not already undertaken)

and

In vivo models of host resistance.

The integration of obligatory functional assaysin theinitial screening phase has been
discussed controversialy (e.g. 40, 35). The mgjor considerations leading to the adoption of
the EU guidelines have been summarized by Snodin (40) and include

Histopathological examination is qualitative and subjective and provides a static
examination of a dynamic functional system.

Generally, functional testing is preferred for studying the performance of functional organ
systems because some defects are seen only after the organ is challenged.

Functional testing is generally more sensitive and easier to interpret than histopathological
data. The correlation between morphology and function is sometimes difficult to
ascertain.

Significant changes in function may not always be preceded or accompanied by detectable
morphological changes in the immune system.

The availability of biomarkers for evaluating the immune systemin clinical trialsis
limited and, therefore, increased emphasis should be placed on nonclinical data.
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Determination of the potential drug effect in response to a challenge with a T-cell
dependent antigen islikely the best stand alone assay.

Regulatory guidance for drugs applied to the skin islaid down in the revised NfG on local
tolerance (CPMP/SWP/2145/00). Two tests, the guinea pig maximization test (GMPT, as
described in OECD test guideline 406), and the local lymph node assay (LLNA) are accepted
as stand-alone methods for evaluation of sensitising potential.

The EMEA does not request routine testing of photosensitising of drugs but rather advocates a
case by case approach (CPMP/SWP/398/01). Conditions have been defined, though, in which
a compound may be suspected of photoallergic potential and additional information may be
required. These conditions are bioavailability in sun exposed areas and absorbtion of UV/VIS
at 270-700 nm. Additionally, information obtained in photostability tests and structure—
activity relationships should be taken into consideration (36).

So far, the EMEA has not released guidance in autoimmunity testing.

4.2.US

In October 2002, the Center for Drug Evaluation and Research (CDER) as the responsible
body within the FDA released the final version of the guideline on “Immunotoxicology
Evaluation of Investigational New Drugs’. This document is the result of more than a decade
of discussion between the regulatory authorities and the pharmaceutical industry. It provides
recommendations to sponsors of investigational new drugs (INDs) on the parameters that
should be routinely used in standard toxicology studies to determine changes in immune
function and on the need for additional immunotoxicity studies. The guideline does not apply
to biological products that are regulated in ICH guideline S6 (Preclinical safety evaluation of
biotechnol ogy-derived phar maceuticals).

4.2.1. Immunosuppression

Asabasic principle, the guideline does not recommend a defined set of tests to be conducted
for every IND, but rather emphasizes the inclusion of immune relevant parameters into
standard toxicology studies and aweight-of evidence approach to decide on the necessity of
further studies. According to the guideline, special attention should be given to indicators of
immunosuppression than can be observed in standard nonclinical toxicology studies including
- evidence of myelosuppression, such as pancytopenia, leukopenia, lymphopenia, or
other blood dyscrasias
- dterationsin immune system organ weights and histology (e.g., hypocellularity of
immune system tissues such as the thymus, spleen, lymph nodes, or bone marrow)
- decreased serum globulin levels
- increased incidence of infections.

A clear difference should be made between unintended (adverse) immunosuppressive and
intended or expected (pharmacodynamic) effects (e.g. of certain anticancer drugs or of drugs
for the prevention of transplant rejection).
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In general, al investigational new drugs should be evaluated for their potential to produce
immunosuppression. In the first line, this can generally be achieved within the standard
repeat-dose toxicology studies using standard clinical and anatomic pathology methods,
including determination of serum biochemica markers such as globulin levels, haematology
(including differential), gross pathol ogy findings, immune system-related organ weights, and
histological examination of immune system-related tissues. The histological examination
should be focused on immune-relevant organs and tissues (spleen, thymus, lymph nodes, and
bone marrow) and the lymphoid tissue that drains or contacts the site of drug administration.
A more quantitative histopathological assessment of lymphoid organs as well as the use of
immunohistochemical techniques might be useful in some cases. An increase in the serum
abumin/globulin ratio may indicate impaired immune function, while decreased serum
globulin levelsis arelatively insensitive indicator; when observed, the affected protein
component should be determined.

Lymphoproliferative type tumors and treatment-related infections can be indicative of
impaired immune function and should be monitored carefully in al animal studies performed.
It should be mentioned that an increased tumor incidence is most likely related to more
frequent tumorigenic mechanisms (e.g. genotoxicity or hormonal effects). However, if the
cause of tumor findingsis not apparent, the potential role of immunosuppression should be
considered. In generdl, it isthe intention of the guideline to create an alertness of sponsors to
consider an immunosuppressive cause for abnormal findings and initiate further evaluations
where appropriate.

Additional studies on the functionality of the immune system should be considered if
warranted by observations in non-clinical or clinical studies or by other consideration like the
intended patient population (e.g. patients with impaired immune functions), or known drug
class effects. Concerns can also be based on observed pharmacokinetic effects (e.g.
accumulation of drug and/or metabolites in immune-rel evant tissues).

The most useful test for immune function is the determination of the effect of the drug on the
response to a T-cell dependent immunogen, preferably using the sheep red blood cell test and
its modifications. Depending on theinitial findings, several other tests can be more suitable or
should be performed additionally. Particularly the NK-cell assay may aso be useful. Host
resistance assays can also be used in the assessment of potential immuno-suppression.
Although most methods used to assess drug-induced immunaosuppression are conducted using
standardised protocols, the dose, duration, and route of administration used in functional
assays should be consistent, where possible, with the nonclinical toxicology study in which an
adverse immune effect was observed.

Immune cell phenotyping by flow cytometry or immunohistochemical analysisis not
considered to be an adequate stand-alone test of impaired immune function, but is regarded to
be useful as an adjunct to other immune function assays or as a method for the identification
of biomarker(s) that could be used in clinical trias.

In general, the guideline advocates that signs of immunosuppression should be appropriately
evaluated using scientifically sound methodology, and the decision for a specific evaluation
strategy has to be based on scientific principles.
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All indications of immunosuppression in nonclinical toxicology studies should be evaluated
with respect to
- statistical significance,

biological significance,

likely or demonstrated mechanisms,

relevance to other adverse drug effects,

intended use of the drug,

and the potentia role of stress.

Small but statistically significant changes in some parameters might not be a cause for
concern as they do not necessarily indicate abiological significant effect. A weight-of-
evidence approach is recommended in which all adverse effects observed in nonclinical
toxicology studies would be considered in determining if follow-up immune function studies
should be conducted. Potential immunosuppressive and/or pharmacodynamic effects
should be evaluated using animal/human comparisons in terms of dose (per unit of body
surface area) and, data permitting, systemic exposure. The reversibility of any
immunosuppressive effects should also be investigated. Immunological changes related to
stress and to the pharmacological activity of the test material occur commonly in animal
studies and only when these are ruled out the possibility of adirect effect on the immune
system should be considered.

4.2.2. Immunogenicity

Immunogenicity (i.e. the ability of a drug to induce an immune response) is avery common
phenomenon for polypeptides or protein drugs > 10kDa. Smaller peptides or proteins of a
molecular weight between 5 and 10 kDa may also be immunogenic, but the responseis
usually rather weak. Low molecular weight compounds are only immunogenic if they are
covaently bound to proteins in hapten-protein complexes.

Although immunogenicity is an important property of protein allergens, it does not inevitably
lead to drug allergy. It isvery difficult to predict the allergenic potential of aprotein drug in
nonclinical toxicology, and validation of known methods is regarded as not being sufficient to
justify arecommendation by the guideline.

4.2.3. Hypersensitivity

The guidance documents refers to the classification of Coombs and Gell that identifies four
different types of hypersensitivity. The recommendations for the assessment of
hypersensitivity should only be used for small molecular weight drugs, which by the time the
guidance was published were the major type of products to be reviewed by the CDER.

Type | immediate-type hypersensitivity reactions are mediated by IgE. Several methods are
described that intend to tackle the risk of IgE mediated hypersensitivity, including the passive
cutaneous anaphylaxis (PCA) assay, the active cutaneous anaphylaxis (ACA) assay, and the
active systemic anaphylaxis (ASA) assay. In general, the usefulness of these teststo identify a
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Type | sensitising potential of small moleculesis regarded as limited, especially when
biotransformation would be important for production of potential haptens. In conclusion, none
of the testsis recommended for routine safety evaluation in terms of Type | hypersensitivity.
Drugs that will be administered viainhalation should be evaluated for their potential to induce
Type | hypersensitivity reactions using appropriate methodology. The guideline recognizes
that almost all methods need further evaluation in terms of usefulness for drug safety testing.
Nevertheless, a modification of the mouse local lymph node assay (LLNA) might be useful
for identification of respiratory sensitisers.

Type Il and Type l11 hypersensitivity reactions are mediated by 1gG and/or IgM antibody
responses and tend to occur simultaneously. Pathological findingsin Type Il and Type 1l
hypersensitivity reactions include anemia, leukopenia, pneumonitis and are often

indi stinguishable from autoimmune reactions. Furthermore, most of the pathological signs of
type Il and Type Il reactions are also indicative of direct, nonimmune-mediated toxicity.
The guideline states that no standard nonclinical methods are available to predict these
effects, and consequently routine testing is not recommended. However, if pathological
findings can be interpreted as the result of an immune reaction, follow up studies are
recommended on a case by case decision.

Type IV immunopathies are T-cell mediated and most commonly occur as delayed-type
hypersensitivity skin reactions (contact dermatitis). For all drugs intended for topical
application the sensitising potentia should routinely be evaluated as part of the non-clinical
safety assessment. The Buehler assay and the guinea pig maximization test (GPMT) are
accepted by CDER as reliable and well established methods that have shown a high
correlation with known human skin sensitisers. These methods, aong with the split adjuvant
technique and the Draize test, are currently accepted by CDER for the determination of the
sensitising potentia of drugs for topical use.

The mouse ear-swelling test (MEST) is mentioned, but no statement is madeiif it is regarded
as appropriate for the evaluation of Type IV reactions.

In contrast, the murine LLNA is accepted as a stand alone assay to detect the induction phase
of delayed-type hypersensitivity reaction. LLNA results correlate quite well with results from
classical guineapig test and provides a quantitative endpoint. If the LLNA is used to support
the safety of clinical trias, the sensitising potential not only of the drug substance, but also of
the clinical excipients and the clinical formulation should be evaluated.

Asno reliable anima model could be identified for the assessment of the phototoxic potential
of drugs, no routine nonclinical testing of photoallergenic potential isrequested by CDER.
Taking into account the possibility of pseudoallergic (anaphylactoid) reactions, the
observation of anaphylaxisin animal studies should trigger follow-up studies to determine the
nature of the reaction. This analysis might provide valuable information on biochemical
markersto be used in clinical trias.
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4.2.4. Autoimmunity

Autoimmunity is a pathological process in which the immune system reacts against self-
antigens. In rather rare cases, autoimmunity can be triggered by drugs. As no standard
methods for predicting the autoimmune potential of a compound are available, CDER does
not recommend testing for autoimmune potential routinely. Nevertheless, the popliteal lymph
node assay (PLNA), the LLNA, and modifications of these assays could be useful where
needed.

Adverse immunostimulation refers to any antigen-nonspecific and inappropriate activation of
the immune system. It is recognized as a general problem in drug development, but again no
test method exists that CDER would recommend for routine use in clinical devel opment.
Nevertheless, special attention should be given to a possible involvement of adverse
immunostimulation in the interpretation of findings from other nonclinical studies.

4.2.5. Developmental | mmunotoxicity

Additional care hasto betaken if adrug isintended to be used in pregnant women or if
immunosuppressive effects have been shown for adrug in adults.

In these cases, incorporation of immunotoxicology in the ICH stage C to F reproductive
toxicology study should be considered. In thistype of study, the pregnant females are exposed
from gestation day 6 (time of implantation) through PND 21 (time of weaning). Offspring is
reared to sexual maturity. For the detection of immunotoxic effects during devel opment,
lymphoid system organ weight, histology, and haematology in the F1 generation should be
determined. No recommendation is made for the use of functional assays.

4.2.6. Assessment strategy

The procedure of immunotoxicology nonclinical safety assessment according to current
CDER regulations is shown in Figure 5.

For topical administration and for drugs administered viainhalation tests in addition to the
standard toxicology studies are necessary to assess dermal or respiratory sensitising potential,
respectively. GPMT, Buehler assay, murine LLNA or the guinea pig inhalation induction and
challenge assay are regarded as appropriate tests, but aternative tests may aso be used when
scientifically justified.

For all drugs, the findings from other animal studies should be examined very carefully for
signs of potential immunotoxic effects. If evidence for drug—induced immunosuppression is
found, appropriate follow-up studies may be conducted. In particular, assays eva uating the
effect on T-cell dependent antibody response (e.g. the SRBC) and immune cell phenotyping
(e.g. by FACS analysis) should be considered.

If drugs are intended to be used in HIV-infected patients, studies of the potential to induce
immunosuppression are obligatory (e.g. effect of the drug on response to a T-cell dependent
immunogen.
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Apart from special application routes (topical administration or inhalation) and special
population of patients (HIV patients, pregnant women) the FDA/CDER does not request

routi ne immunotoxicol ogy/immunosuppression assessment, but rather relies on data from the
general toxicological studies.

Instead, a weight-of-evidence approach is advocated where specia focusis placed on immune
relevant findings in standard toxicology and other nonclinical animal studies.

! Detarmine dermal sensibizing potential: GPMT,

Topical adiministration? Yes—m BA, LLNA, or other test method as appropnate

v

Inhalation admimstration?

Determine respiratory sensilizing potential
Yes - Inhalation induction/challange or ather test

} method

‘ as approprate
Evidence of immunosuppression
in nonchmical {or clinical) v — | Conduct follow-up immune function study
studies? (stuches) as appropriate

¥
Drug to be used 1o treal . . e
HIV infection” Yes Conduct immune function study (studies)

Drug lLikely to be used Determune effect of drug on immune system in
Yes F, offepring in reproductve toxicalogy study

it pregiant women and
evidence of

FITUTELIICES U wession”

Drug/drug metabolite accumulation

Conduct immune function study as
Yes ——® appropeale

in immung system hssues?

¥

If none of the above applies, no

further immunotoxicity testing neaded

Figure 5: Guidance for Industry: Immunotoxicology evaluation of investigational
new drugs, October 2002 (modified from: FDA/CDER)

4.3. Japan

Like both EMEA and FDA, the Japanese Ministry of Health, Labour and Welfare (MHLW)
basically adopts the general approach of the OECD for assessment of immunotoxicity. The
routine screening for all drugs (exceptions for biologicals, orphan drugs and drugs against
alergy) as part of the repeated dose toxicity studies focuses on determination of organ
weights (spleen, thymus, adrenals), observation of general appearance and body weight, and
histopathology of spleen, thymus, bone marrow smear, unspecified lymph node and Peyer’s
patchesif draining the site of application. Spleen immunohistochemistry or lymphocyte
subset phenotyping is aso suggested.



Non clinical assessment of immunotoxicity 21

In the case of findingsin the routine immunotoxicity studies or in other studies, namely the
repeated dose toxicology study, the evaluation of the primary antibody response and -

optional - the evaluation of NK-cell activity is required before commencing phase | clinical
trials. This second level of evaluation is— somewhat misleading —termed “Tier 1”. When
effects are observed in Tier | studies, amore in depth analysis of the immunotoxic potentia of
adrug may follow (Tier I1).

To address the potential of adrug to induce hypersensitivity reactions, the MHLW requires
testing of al dermatological preparationsin at least one skin sensitisation study. There are
several tests regarded as acceptable stand alone assays, namely Draize test, adjuvant and patch
test, Buehler test, Freund’s complete adjuvant test, maximisation test, open cutaneous test,
optimisation test and the split adjuvant test. Beside the broad panel of tests, in most cases the
maximation test, the patch test or the Buehler test are used (36).

The testing of photosensitisation is required for dermatological preparations where concerns
exist that the product has a photosensitising potentia (e.g. achemica structure similar to
known sensitisers). Acceptable methods include adjuvant strip method, Harber method, Horio
method, Kochever method, Maurer method, Morikawa method and the Vinson method.

4.4. Summary of regulatory requirements for testing of immunotoxicity

The status of regulatory guidance for the assessment of immunotoxicity differs between the
ICH regions. While the EMEA and FDA have published guidelines on direct immunotoxicity,
the MHLW are till in the process of finalizing draft guidelines.

Most primary predictive immunotoxicity testing follows the recommendations of the OECD
407 guideline requiring histopathology of lymphoid tissues and haematol ogy including
differential cell counting.

All three regions use a concept of tiered testing strategies, although there are differencesin
the sequence of tests recommended (see Table 3)

The major difference between EMEA and the other regulatory authorities is that the EMEA
requires functional testing in routine screening, i.e. test of primary antibody response to T-cell
dependent antigen, or NK activity and FACS analysis of lymphocyte subset population. In
contrast, the FDA proposes a case-by-case approach on the need for functional assays. The
Japanese authorities require the evaluation of the primary antibody response only in case of
immunotoxicological findings in the repeated dose toxicity studies. NK-cell activity tests are
optional.

In all three regions, hypersensitivity testing focuses on type IV hypersensitivity of locally
applied compounds. The EMEA refers to the OECD 406 guideline that recommends the
GMPT, the Buehler test, the LLNA and the MEST assays for the evaluation of skin
sensitisation potential. In opposite to the OECD, both EMEA and FDA regard the LLNA asa
stand-alone assay. The MHLW requires all dermatological preparations to be tested in at least
one of several acceptable tests. An overview of the requirementsis givenin Table 4.



Non clinical assessment of immunotoxicity

22

EMEA FDA MHLW
Basic studies Appearance and body weight All drugs All drugs All drugs
White cell count and differential All drugs All drugs All drugs
Clinical chemistry All drugs All drugs All drugs
COrgan weights Spleen All drugs All drugs All drugs
Thymus All drugs All drugs All drugs
Adrenal All drugs Suggested/All All drugs
Lymph node, draining All drugs - -
Lymph node, distant All drugs - -
Histopathology Spleen All drugs All drugs All drugs
Tissues Thymus All drugs All drugs All drugs
Bone marrow smear All drugs All drugs All drugs
Lymph node, mesenteric All drugs It draining -
Lymph node, unspecified All drugs All drugs All drugs
Lymph node, draining All drugs All drugs -
Peyer's patch All drugs If draining All drugs
KALT - If draining -
Other studies Lymphocyte subsets (A} A or BAAI Tier | Suggested/all
NK cell function {A) A or BAI Tier | Tier |
T-cell function (SRBC et al) (B) A or BAI Tier | Tier |

All drugs: test required for all drugs. If draining: analysis required if LN is draining site of administration.
Suggested/all: test suggested for all drugs, required for Tier |. Tier |: test required if signs of immunotoxicity are
observed. XALT: tissue X Associated Lymphoid Tissue (GALT, BALT, NALT).

Table 3: Test requirements for direct immunotoxicity in the three ICH regions

(from: [36]).

Asgsays EMEA FDA, RAHLW
GMPT All drugs® All drugs® Al drugs”
BA All drugeP All drugs? All drugs®
LLNA All drugs® Al drugs® Al drugs®
MEST All drugs® All drugs® All drugs”
Adjuvant and patch test - — Al drugs”
Draize test - — All -:JIIJ-:_.]EEI
FCA - - All drugs®
Open epicutaneous test - - All drugs”
Optimization test - - Al drugs®
Spilt adjuvant test - - Al drugs®
MIGET - Inhalation drugs -

“All topically applied drugs.

ull

est reqarded as stand alane assay.

Table 4: Test requirements for topically applied drugs in the three ICH regions

(from: [36])
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Neither FDA nor EMEA require routine testing for the photosensitising potential of
compounds, taking into account that no sufficiently evaluated test is available (CPMP Note
for guidance on photosafety testing, CPMP/SWP/398/01). The need for tests hasto be
specified in case-by-case decisions. The Japanese authorities require testing of dermatological
preparations if the chemical structure of the compound or other information indicate a
photosensitising potential.

Although induction of autoimmunity isasignificant risk in pharmacological therapy, no
sufficiently evaluated assays exist. Consequently, no specific guidance is given by the
regulatory authorities.

5. Thedraft guidelineICH S8
5.1. TheInternational Conference on Harmonisation (ICH)

Starting in the US in the 1930s and followed later by Japan and many European countries,
manufacturing and distribution of medicinal products became constantly more regulated by
increasing numbers of laws, regulations and guidelines for evaluating and reporting data on
quality, safety and efficacy. In paralel, the pharmaceutical industry was becoming more and
more international and oriented towards globalised markets. Nevertheless, although asingle
product was intended to be marketed worldwide, it had to meet the regulatory requirements
for every market on anational basis. Facing this situation, an urgent need arose for
harmonisation and rationalisation of regulatory requirements to

avoid duplication of time-consuming and expensive tests

reduce health care costs for patients

reduce expenses in research and devel opment

reduce animal testing

and reduce time for new drugs to reach the global markets.

To solve this problem, “The International Conference on Harmonisation of Technical
Requirements for the Registrations of Pharmaceuticals for Human Use” (ICH) was
established in 1990 as ajoint institution of industry and regulatory authorities from Europe,
United States and Japan to improve the efficiency of drug development and registration
through harmonisation of the registration procedure.
All six parties act as equal partnersin the scientific and technical discussions of the testing
procedures. The parties are
for Europe:
The European Commission, represented by the European Medicines Agency (EMEA),
and the
European Federation of Pharmaceutical Industries and Associations (EFPIA)
for Japan:
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The Ministry of Health, Labour and Welfare (MHLW), represented by the
Pharmaceuticals and Medical Devices Agency (PMDA) and the National Institute of
Health Sciences (NIHS),
and the
- Japan Pharmaceutical Manufacturers Association (JPMA)
and for the United States:
The US Food and Drug Administration (FDA),
and the
Pharmaceutical Research and Manufacturers of America (PhRMA).

In the first phase of ICH activities the focus was almost exclusively on the technical
requirements for developing and registering products containing new drug substancesin the
European Union, Japan and the US. The Expert Working Groups which worked on over 40
guidelines for new drug products were made up of scientists from the six ICH parties. Early in
the process a 5-step standard procedure was established for the handling of major

harmoni sation topics.

After atopic has been accepted by the ICH steering committee, an Expert Working Group
(EWG) isformed by Topic Leaders, one for each of the six ICH parties. A rapporteur (usualy
from industry organisations) is designated that guides the topic through the first steps of the
process.

Step 1: Consensus building

It isthe task of the rapporteur to prepare an initial draft of a guideline or recommendation
based on theinitial concept paper by the Steering committee, and in repeated consultations
with the experts designated to the EWG.

When a consensus is reached on the technical issues, the document is signed-off by all parties
represented in the EWG.

Step 2: Start of Regulatory Action

Step 2 isreached when all six parties of the Steering Committee agree that, based on the
report submitted by the EWG, sufficient scientific consensus is reached on the draft guideline
or recommendation to proceed to the next stage of regulatory consultation.

Step 3: Regulatory Consultation

At step 3, the guideline or recommendation leaves the ICH process and is included in the
normal regulatory consultation procedures in the three regions. In the EU, the document is
published as adraft CHMP guideline, in Japan it is translated and published by the MHLW,
and in the US it becomes a draft guidance published in the Federal Register.

Comments on the draft document are accepted from industry associations and regulatory
authorities both from within and from outside the ICH regions. Theinput is considered by a
new rapporteur (now a representative of regulator authorities) who draws a final document
that has to be signed off by the experts from all three regulatory authorities within the ICH
regions.
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Step 4: Adoption of a Tripartite Harmonized Text

At this step, the report of the regulatory rapporteur is returned to the ICH Steering committee
and adopted if all parties are satisfied with the result. The document is than signed off by all
three regulatory parties and proceeds to step 5. In case of strong objections against the
consensus report, the regulatory parties may agree that the revised text should be submitted to
further consultation.

Step 5: Implementation

In thisfinal step the tripartite harmonized text goes back to the national or regional regulatory
authorities and isimplemented by the same procedure that apply to other regulatory
requirements and guidelines not harmonized by the ICH.

The ICH process of Harmonization

Step 5
Implementation
Step4
Decision: Adoption of Tripartite Harmonized Text
Step3
Regulatory Consultation
Step 2

Decision: Consensus approved by Steering committee

Step |
Consensus building in EWG

Figure 6: The ICH Process for major harmonisation topics
5.2. ThelCH S8 draft guideline for immunotoxicity studies

After years of discussion, at the “ Sixth International Conference on Harmonisation of
Technical Requirements for Registration of Pharmaceuticals for Human Use” (ICH 6), which
was held November 2003 in Osaka, Japan, the decision was made to accept Immunotoxicity
Testing as atopic.
Four key issues should be resolved by a new harmonized guideline:

the necessity for immune function testing on a routine-basis versus a cause for concern

basis

definitions for “cause of concern” should be provided

the appropriate conduct of immune function assays

- thetiming of conduct of the immune function assays with respect to clinical trials.

It was decided not to include issues as drug hypersensitivity or immunogenicity into the
process, either because there was no need perceived for harmonisation, or because no
adequately evaluated animal models are available.
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This Osaka decision triggered the installation of an Expert Working Group to write a draft
guidance. This draft guidance (“ICH S8 Immunotoxicity studies for Human
Pharmaceuticals") reached step 2 of the ICH process when it was approved by the ICH
Steering Committee in November 2004 and proceeded to step 3 in which comments from
industry and regulators from inside and outside the ICH process are collected and considered
for the final harmonized proposal.

5.2.1. Objectives and Scope of the S8 draft guideline

Potential adverse effects of pharmaceuticals on the human immune system should be

evaluated during standard drug development. The guideline aims at providing
recommendations on nonclinical testing strategies to identify immunosuppressive
properties of compounds

and
guidance on aweight-of evidence decision making approach to test immunotoxicity.

The guideline gives recommendations on nonclinical testing for immunosuppression only.
Other manifestations of immunotoxicity (e.g. immunogenicity or drug hypersensitivity) are
not addressed.
The guidelineis only applicable for low molecular weight drugs, but not for biologicals (for
which immunotoxicity is already addressed by the ICH S6 guideling).
The guideline appliesto
- al new pharmaceuticals intended for human use
marketed drugs proposed for a different indication or other variations in the product
labelling that could result in relevant immunotoxic reactions
drugs in which clinical signs of immunosuppression are observed during clinical trials
and following market authorization.

5.2.2. Recommendations for immunotoxicity assessment

In principle, the guideline recommends the evaluation of all new investigational drugs for the
potential to generate immunosuppression using standard toxicity studies (STS) and additional
immunotoxicity studies where appropriate. Guidance is provided for aweight-of-evidence
review of cause of concern when additional studies are considered.

A flow diagram (Figure 7) depicts the decision process when conducting immunotoxicity
studies.

Ontheinitial evaluation level, which is obligatory for al new investigational drugs,
information on immunotoxicity is gathered both from the STS and from considerations on
other putative causes of concern.
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Flow Diagram for Recommended Immunotoxicity Evaluation
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Figure 7: Flow chart ICH S8 immunotoxicity testing (from ICH S8
“Immunotoxicity studies for Human Pharmaceuticals’).

Data from both rodent and non-rodent studies and from early short term to repeat-dose studies
should be taken into consideration when evaluated for signs of immunotoxic potential with
special focus on:
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Haematological changes - Evidence of myelosuppression, usualy seen in peripheral
blood changes (e.g. pancytopenia, leukopenia, lymphopenia, or other blood
dyscrasias). Parametersto be evaluated are total leukocyte counts and absolute
differential leukocyte counts.

Alterations in immune system organ weights and histology (e.g. changesin thymus,
spleen, lymph nodes, and/or bone marrow). Weight of thymus, spleen and lymph
nodes (optional) should be determined after thorough bleeding of the animals. All
lymphoid tissues should be evaluated for gross changes at necropsy. Histopathological
changes of the spleen, thymus, bone marrow and Peyer”s patches should be evaluated
as potential indicators of systemic immunosuppression. The lymphoid tissue that
drains the site of drug application and one additional lymph node should al so be
examined histologicaly.

Serum globulins are a rather insensitive marker of immunotoxicity due to the long half
life of immunoglobulins. However, changesin globulins that occur without a plausible
explanation can indicate potential immunotoxicity and provide additional information
for the better understanding of the target cell population or the mechanism of action.
Increased incidence of infections.

Evidence of carcinogenicity, especially in the absence of genotoxicity.

It is very important to distinguish stress related changes of the immune system from real
direct immunotoxic effects of a compound. Stress related immunosupressive effects are often
observed in toxicity studies with doses near or at the maximum tolerated dose. The data from
the STS should be assessed based on criteriathat are aso used in other toxicity studies, e.g.
- statigtical and biological significance of the changes,
severity of the effects,
dose dependency,
safety factor above the expected clinica dose,
study duration,
number of species and endpoints affected,
changes that may occur secondarily to other factors,
possible cellular targets and/or mechanism of action,
doses which produce these changes in relation to doses which produce other toxicities,
and
reversibility of effect(s).

Besidesthe STS, general considerations have to be made for every new investigational drug
to identify other causes-of-concern with respect to an immunosuppressive potential.
Additional immunotoxicity testing should be considered
- if thetargeted patient population is known to already have impaired immune functions
(e.g. HIV patients),
if the compound under investigation is structurally ssimilar to other compounds with
known immunosuppressive properties
if the compound and/or its metabolites are known to accumulate in cells and tissues of
the immune system
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if the pharmacological properties of a compound indicate a potential to produce
immunosuppression (e.g. if the compounds targets a receptor that is aso found to be
expressed on immune relevant cells).
In aweight-of evidence review of the STS data and other causes-of-concern adecision is
made whether additional immunotoxicity studies have to be conducted.

Additional immunotoxicity studies

If the weight-of-evidence approach leads to the conclusion that additional immunotoxicity
studies are needed, several animal models are available. The selection of the appropriate
models should be based on the nature of the immunological changes observed and the
concerns raised by the class of compounds. At this point, afunctional test should be
conducted. Preferably, if aspecific target is not identified, a T-cell dependent antibody
response (TDAR) is recommended, using either SRBC or KLH as test antigen. Adjuvans
should not be used without justification.

Immunophenotyping of |eukocyte populations, a non-functional assay, can be conducted to
identify the specific cell populations affected and to find useful clinical biomarkers.
Immunophenotyping is usualy conducted by immunohistochemistry or by flow cytometry.
Data obtained from peripheral blood by flow cytometry can be useful to develop markersfor
clinical studies where peripheral blood leukocytes are also evaluated.

Assessment of natural killer (NK) cell can be conducted if indications for a decrease in NK
cell number exist or if increased vira infection rates are observed.

Host resistance models may also be conducted as additional immunotoxicity studies. In
general, they play an important role in identifying the cell type that is affected by atest
compound. Furthermore, host resistance assays are able to detect alteration in innate immune
mechanism.

Test of macrophage and neutrophil function can also be conducted in vitro and/or in vivo,
while assays for cell-mediated immunity are not sufficiently validated.

Study design for additional immunotoxicity studies

In general, the studies should employ adaily oral administration regime over 28 consecutive
daysinrats or mice. The experimental setup should be consistent with the design of the
nonclinical toxicology study in which an adverse immune effect was observed. The high dose
should be above the no observed adverse effect level, but below alevel where unspecific
stress can lead to secondary changes in functions of the immune system.

After conducting the additional immunotoxicity studies, all data should be evaluated to decide
if information is sufficient to determine the risk of immunotoxicity. If the overall risk-benefit
anaysisidentifies the risk of immunotoxicity to be acceptable, no follow up studies might be
necessary.

Follow-up immunotoxicity studies

If changes in immunotoxicity assays are observed, follow-up studies should be considered. A
major goal of these studiesisto broaden the understanding of the biological mechanism
behind the observed disturbances and the identification of the cell typesinvolved. These
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information can be helpful for further evaluation of the risk and may lead to the devel opment
of biomarkersto be used in clinical studies.

Information of the reversibility and the no observed effect level (NOEL) should aso be
provided by the follow-up studies.

Timing of the studies

In cases where the wei ght-of -evidence review concludes the need for additional
immunotoxicity studies, these studies should be completed before large number of patients are
exposed to the drug. For patient popul ations that are already immunocompromised,
immunotoxicity testing can be initiated at an earlier time point in the development of the drug.
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6. Discussion and Outlook

Over the past ten to fifteen years, immunotoxicity has gained increasing attention by the
regulatory authorities as a serious issue in drug development. By the beginning of this decade,
the EU, US and Japan were working on guidance documents for the preclinical assessment of
immunotoxicity. Although these efforts ran in parallel, the requirements differ between the
three regulatory regions. A major step to reach a standardisation in regulatory requirement
was reached in 2004 when an ICH draft guideline for nonclinical immunotoxicity testing was
published. To some extend, the differences between the regulatory regions reflect a critical
deficit in standardised and validated models and assays with an established predictive value
for the extrapolation to human patients.

Concordance of immunotoxicity test

Almost all of the tests currently available for the assessment of immunotoxicity focus only on
asubset of functions and do not address the complex immune system in its entirety. This
raises the question of the ability of each assay to detect an immunotoxic potential of atest
compound.

Several studies have been performed to tackle this problem. Luster et al. (31) analysed the
results for more that 50 compounds that were tested in different assays in mice for their
immunotoxic potential. Briefly, the authors found that a combination of two or three immune
tests are sufficient to identify immunotoxic compounds with a concordance > 90 % in rodents.
The highest association was observed for the T-cell dependent antigen assay and the
enumeration of lymphocyte populations and quantitation via cell surface marker anaysis.
Other frequently employed methods like general leukocyte count or determination of
lymphoid organ weights proved to be fairly insensitive.

Lebrec et al. (28) followed a similar approach in the mouse using two groups of
pharmaceuticals: non-immunosuppressive and immunosuppressive based on clinical data. The
highest concordances were observed for test of primary antibody response, NK cell activity,
and CTL activity. Statistical significant effects were also observed for compounds that show
no immunotoxicity in clinical use. These effects, however, were often isolated, not dose-
depended, and unlikely to be biologically relevant.

Host resistance assays are widely regarded as the most valuable assays as in many
experiments pathogens with human relevance are used and the resistance of the organism to a
pathogen requires the interplay of multiple combinations of the immune system. Luster et al.
(30) used the results from the testing of 50 compounds to analyze the relation between the
outcome of immunotoxicity test and host resistance. According to this study, a good
correlation exists between findings in the immunotoxicity tests and the altered host resistance
in the sense that in all cases in which host resistance was altered at least one test gave positive
results. However, in severa cases the positive findingsin the tests did not correlate with
detectable changes in host resistance. The highest concordance values were reached with the
delayed hypersensitivity response assay (DHR), and concordance could be further elevated
when DHR, T-cell dependent antigen assay or determination of lymphocyte subpopulation
were combined with a second assay.
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Relevance of findings in nonclinical immunotoxicity studies for the treatment of humans

Experimental immunotoxicology studiesin animals have identified many immunotoxic
compounds and contributed to a considerable amount of quantitative data. On the other hand,
the available data on immunosuppressive compounds in humans is much smaller, particularly
regarding quantitative comparisons of dose response in humans and experimental animals.
This poses amajor problem for the validation of animal models and their predictability for
humans.

Most of the general problems animal testing has to face in terms of relevance in humans are
also an issue for the assessment of immunotoxicity: “A mouseisnot an rat is not a human”
(6). Consequently, the regulatory requirements imply the use of different species, and whilein
many cases information concerning the structure and function of the immune system can be
readily trandated across species, there are numerous and significant species differences that
need to be considered. In some cases, the generation of meaningful immunotoxicology data
can be adversely affected by the choice of a species that does not adequately share the
immune function of concern with man. Likewise, immunotoxicology testing may produce
negative datain one species but positive data in another. Knowing the mechanistic basis
through an understanding of species differences in the structure and function of the immune
system and the peculiarities of toxicity/ADME profilesis critical for success (see[17] for
review of species differences). These differences need to be addressed in the design of
experiments with the goal of extrapolating the data to humans. Some of the major differences
between test animals and human patients are listed in Table 5.

Some Differences between Animals and Humans
Critical to Prediction of Toxicity
Animals Man
Subjects
Number Large groups Individuals
Age Young adult All ages
State of health Healthy Usually sick
Genetic background Homogeneous Heterogeneous
Doses
Magnitude Therapeutic to toxic Therapeutic
Therapeutic
Schedule Usually once daily optimum
Circumstances
Housing Uniform, optimal Variable
MNutrition Uniform, optimal Variable
Concomitant
therapy Never Frequent
Diagnostic procedures
Verbal contact None Intensive
Physical exam Limited Extensive
Clinical lab Limited, standardized Individualized
Timing Predetermined Individualized
Autopsy Always Exceptional
Histopathology Extensive Exceptional

Table 5: Differences between animas and humans with relevance for
immunotoxicity testing (from [34]).
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On the other hand, species/strain differences can be advantageous when well-defined
differences are used to delineate immunologic mechanisms. For example, mouse strains
which are high responders for specific kinds of immunologic disease models, i.e.
experimental alergic encephalitisin A/J mice or experimental alergic thyroiditisin C3H/He
mice, have been useful asin vivo models to evaluate therapeutic efficacy. In particular, the
availability of large numbers of mouse and rat strains with well characterized, specific
immunologic deficits can be used to determine if the specific immune function playsarole in
the toxicity being investigated (17). Besides the inherent differences of the immune system
between species and strains other factors may also affected the extrapolation of animal data
on the human situation.

Lack of adequate methods for evaluation of hypersensitivity/autoimmunity

Immunotoxicity can best divided into four categories, namely immunosuppression,
immunostimulation, hypersensitivity, and autoimmunity. Each of these categoriesis
associated with distinct potential adverse effectsin humans. Nevertheless, most animal
models and assays address immunosuppression only. In fact, the term “immunotoxicity” is
often used synonymous to “immunosuppression”.

Although rare events, hypersensitivity and autoimmune reactions can be life threatening and
have led to withdrawals to drugs from the market in the past. No validated models are
available to predict this most serious type of immunotoxicity, and there is an urgent need to
develop reliable models for drug induced hypersensitivity and autoimmune reactions.

The paucity of adequate assays is reflected in the finding from evaluation of datafrom
preclinical and clinical trials that immune-related problems are the largest single area of
adverse events that are not detected by preclinical testing (34).

Regulatory requirements

At the moment, EU, US and Japan have their specific regulatory requirements for preclinical
assessment of immunotoxicity. While the EMEA has included recommendations for direct
immunotoxicity in the guideline on repeated dose toxicity (CPMP/SWP/1042/99), the FDA
has released the final version of a guideline on the “ Immunotoxicology evaluations of
Investigational New Drugs’ in 2002. Japan is still in the process of finalization of a draft
guideline.

Currently, predictive immunotoxicity testing is mainly embedded in the context of general
toxicity testing. All three guidance documents are based on the concept of atiered approach,
also some differences exist in the sequence of the tests and the acceptance of some assays.
Routine testing in all regions consists of haematology (including differential cell counting),
histopathology, and weight determination of lymphoid organs.

It isstill amatter of discussion whether functional testing should be included into routine
assessment of pharmaceuticals. Currently, only the European authorities require the inclusion
of functional testing in routine immunotoxicity screening in addition to enhanced
histopathology examination. Suitable tests are primary antibody response to T-cell dependent
antigen or NK activity and FACS analysis of lymphocyte subset populations. The European
requirements are based on the following considerations (36):
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- Histopathology is a qualitative and subjective method, and it provides a static view of
adynamic system
- incontrast, functiona testing evaluates the performance of the functional immune
system (or at least certain functional aspects of it)
- some functional defects of the immune system can only be detected when challenged
- functional testing is generally more sensitive and easier to interpret that histopathol ogy
data
- inmany cases, functional defects occur well before histopathological changes can be
detected.
This position of the European authorities has been repeatedly criticised mainly for the lack of
evidence showing the superiority of immune function test to detect immunotoxic properties of
pharmaceuticals (40). Critics emphasise that unintended drug-induced immunosuppression is
relatively rare phenomenon, and the actual risk for human health is much lower than for drug-
induced hypersensitivity and autoimmunity, which have in the past led to significant patient
morbidity.
In contrast to the EU, FDA and MHLW advocate case-by-case approach to decide on the need
for functional assays.

Regulatory guidance for Type IV hypersensitivity of locally applied compounds basically
follows the requirements of the OECD 406 guideline. The guinea pig maximization test
(GPMT), the patch test of Buehler, the local lymphnode assay (LLNA) and to some extend
the mouse ear swelling test (MEST) are accepted by all three agencies as stand aone assay for
the assessment of hypersentitiviy potential of topically applied drugs. In addition, the MHLW
requests testing of all topically applied preparations in at least one skin sensitisation study.

No guidance is provided for preclinical examination of the potential to induce Type I-111
hypersensitivity reaction. Thisreflects the lack of generally accept animal models or assays.

Drug induced autoimmunity can be avery serious threat for the patients. Since none of the
assays available at the moment is sufficiently evaluated to become the standard model,
authorities refrain from giving recommendations for the assessment of autoimmunity. The
FDA document discusses the popliteal lymph node assay (PLNA), but states that more
research is needed and does not give an explicit recommendation

Timing of immunotoxicity studies

The current guidance documents are somewhat imprecise in the timing of the immunotoxicity
studies. The general interpretation is that these studies should be performed prior or parallel to
phase Il clinical trids, i.e. before larger numbers of humans are exposed to the drug. Only in
cases of specific concerns (e.g. indication, chemical class, inclusion of immunocompromised
persons already in phase 1), evaluation should be done before the first human exposure (35).
Nevertheless, this recommendation has recently been challenged based on concerns over
exposing volunteers or patients to potentially immunotoxic drugs. Rather, incorporation of
immunologica endpoints in safety pharmacological studies and the inclusion of similar
endpoints, as appropriate, in the clinica trailsis advocated (9).
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Outlook

Over the last years, immunotoxicity has attracted much attention by clinical and non-clinical
research. This research has triggered substantial regulatory activities by all magjor authorities
to develop guidance for the appropriate assessment of immunotoxic risk in drug devel opment.
A recent mgjor step was the publishing of a draft guideline on immunotoxicity assessment in
all three regions of the International Conference on Harmonisation. Some of the differences
between the regulatory regions will be eliminated with the ICH S8 guideline for
immunotoxicity studies, which is currently in the regulatory consultation phase. This
guideline will be amajor step in standardization of regulatory requirements for
immunotoxicity and streamline the devel opment of new drugs for global markets. The draft
guideline is focused on recommendations for the assessment of immunosuppression only.
Basically, it confirms the tiered approach that is being used in immunotoxicity testing for a
long time. Functional assays, which are currently required by the EU as part of the routine
screen, are no longer requested for all drugs. Instead, the guideline provides detailed advice
for information to be considered for adecision on additional studies or follow-up
immunotoxicity testing.

In spite of the substantial progress the regulatory framework has made, certain aspects are not
yet addressed satisfactorily. Most of the regulatory adviceis given for the assessment of
immunosuppression or the assessment of local tolerance for topically applied drugs. Only
little or no regulatory adviceis given for the proper nonclinical assessment of drug induced
hypersensitivity and autoimmunity. Also arather rare event, these manifestations of
immunotoxicity can be life threatening and lead to withdrawals of drugs from the market. The
underlying reason for this situation is a fundamental lack in understanding the biol ogical
mechanisms of drug induced Hypersensitivity/Autoimmunity, and hence the devel opment of
reliable test systems. More research is needed to close this gap.

Another field that will receive more regulatory attention is the assessment of developmental
immunotoxicity. Embedded in a general tendency to address the special requirements of drug
development for children and adolescents, regulatory guidance is now devel oped for the
assessment of adverse drug effects on the developing immune system. Non-clinical evaluation
of developmental immunotoxicity is addressed in the FDA guideline on general
immunotoxicology evauation, and the other regulatory authorities are soon to follow.
Generally, there is still aneed for reliable and well-validated endpoints in preclinical studies
with proven relevance for human patients. In the clinic, usually only little attention is given to
the development and assessment of endpoints indicative of immunotoxic effects. This
discrepancy is the rationale of many critics of the current immunotoxicity testing that question
the relevance of non-clinical datafor the situation in humans. It is necessary to produce
human data for endpoints used in preclinical studiesto bridge the gap between the clinical
findings and the results from the preclinical studies.
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7. Summary

The exposition of human body to pharmaceuticals can lead to unintended and in some cases
even life-threatening changes in the functionality of the immune system. These effects are
summarized as immunotoxicity and can best be divided into four categories, namely
immunosuppression, immunostimulation, hypersensitivity, and autoimmunity.

Over the past ten to fifteen years, immunotoxicity has gained increasing attention by the
regulatory authorities as a serious issue in drug development. By the beginning of this decade,
the EU, US, and Japan were working on guidance documents for the preclinical assessment of
immunotoxicity. Although these efforts ran in parallel, the requirements differ between the
three regulatory regions. While the EMEA has included recommendations for direct
immunotoxicity in the guideline on repeated dose toxicity, the FDA has released the final
version of a guideline on the “Immunotoxicology eval uations of Investigational New Drugs’
in 2002. Japan is still in the process of finalization of a draft guideline.

Currently, predictive immunotoxicity testing is mainly embedded in the context of genera
toxicity assessment. All three guidance documents are based on the concept of atiered
approach, also some differences exist in the sequence of the tests and the acceptance of some
assay’s.

Routine testing in all regions consists of haematology, histopathology, and weight
determination of lymphoid organs. It is still a matter of discussion whether functional testing
should be included into routine testing. Currently, only the European authorities require the
inclusion of functional testsin first line immunotoxicity screening in addition to enhanced
histopathology examination, while FDA and MHLW advocate case-by-case approaches to
decide on the need for functional assays.

A magjor step to reach a standardisation in regulatory requirement was reached in 2004 when
an ICH draft guideline for nonclinical immunotoxicity testing was published. This guideline
will be amajor step in standardization of regulatory requirements for immunotoxicity and
streamline the development of new drugs for global markets. It isfocused on
recommendations for the assessment of immunosuppression only. Basically, it confirms the
tiered approach that is being used in immunotoxicity testing for along time. Functional assays
are not requested for all drugs. Instead, the guideline provides detailed advice for information
to be considered for a decision on additional studies or follow-up immunotoxicity testing.

In all three regulatory regions, little or no regulatory advice is given for the proper nonclinical
assessment of drug induced hypersensitivity and autoimmunity, most likely the most serious
manifestations of immunotoxicity. This reflects a fundamental lack in understanding the
biological mechanisms of drug induced Hypersensitivity/Autoimmunity, and hence the lack of
reliable test systems. More research is needed to close this gap.

Another field that will receive more regulatory attention is the assessment of developmental
immunotoxicity. Embedded in a general tendency to address the special requirements of drug
development for children and adolescents, regulatory guidance is now developed for the
assessment of adverse drug effects on the developing immune system.
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