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ARTICLE INFO ABSTRACT

PQ Birch represents an allergen-specific immunotherapy for the treatment of birch pollinosis. It consists of native
birch pollen extract chemically modified with glutaldehyde adsorbed to L-tyrosine in its microcrystalline form
with addition of the adjuvant Monophosphoryl Lipid A (MPL®). A nonclinical safety testing strategy was de-
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EQ Pir;:h i signed based upon interpretation of current legislation and regulatory intelligence and comprised genotoxicity
GOXIC:’ OEYtSm y studies (bacterial reverse mutation and Chinese hamster ovary micronucleus assays), a rat repeat dose toxicology
enotoxicity

study and a rabbit local tolerance study. No safety findings of concern were found. Thus, no evidence of gen-
otoxicity was found. Relatively minor, immunostimulatory effects were seen following repeated subcutaneous
dosing (once every 2 weeks for 13 weeks) as reversible increased white cell count (notably neutrophils), in-
creased globulin level (resulting in decreased albumin/globulin [A/G] ratio) and increased fibrinogen, as well as
minor dose site reaction in the form of inflammatory cell infiltrate. These findings are likely due to the im-
munostimulatory nature of MPL® and/or the presence of L-tyrosine within the adjuvanted vaccine. Similar dose

site inflammatory changes to the injected formulation were also noted in the rabbit local tolerance study.

1. Introduction

Birch tree pollinosis is a form of seasonal allergic rhinitis caused by
allergy to birch tree pollen. Allergic rhinitis is reported as affecting
10-20% of the population (Verlato et al., 2003; Small et al., 2018) and
symptoms are characterised by nasal itching, sneezing, watery rhinor-
rhoea and nasal obstruction (Bousquet et al., 2008; Van Cauwenberge
et al., 2000). Additional symptoms such as headache, impaired smell,
and conjunctival symptoms can also occur. While the symptoms of al-
lergic rhinitis are often mild, many subjects suffer from moderate and
severe symptoms and they have an increased chance of progressing
over time and developing to more serious conditions such as allergic
asthma. The allergic response arises from pollen (allergen) binding to
immunoglobulin (Ig)E antibodies and further interaction with mast
cells and basophils via a high-affinity IgE receptor (Akdis and Akdis,
2015; Akkoc et al., 2011; Niederberger, 2009). Subsequent degranula-
tion of the cells elicits allergic symptoms of type I hypersensitivity re-
actions. After successful immunotherapy, allergen-specific T regulatory
(Treg) cells are generated and they suppress proliferative and cytokine
responses against allergens. In addition, antibody class-switching oc-
curs in B cells that secrete allergen-specific IgG4 instead of IgE which
has blocking capacity, inhibiting binding between allergen and IgE on
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mast cells and basophils. Allergen Immunotherapy (AIT) has been
practised for many years in patients suffering from pollen allergy and
involves administration of increasing quantities of specific allergen
extracts to induce a state of allergic non-responsiveness upon sub-
sequent exposure (Akkoc et al., 2011; Bousquet et al., 1998; Ebner,
1999; Larche, 2006).

PQ Birch represents an AIT for the treatment of rhinitis and/or
rhinoconjunctivitis with or without bronchial asthma in adults, ado-
lescents and children over the age of 5, caused by an IgE mediated
allergy against birch pollen. It consists of birch (Betula pendula) pollen
extract chemically modified with glutaraldehyde (forming an allergoid)
adsorbed to L-tyrosine, a naturally occurring amino acid in its micro-
crystalline form, with addition of the adjuvant MPL®, a detoxified de-
rivative of lipid A of Salmonella minnesota R595. Modification of al-
lergen to allergoid reduces IgE reactivity with retention of IgG binding
epitopes as shown from immunoreactivity and structural analysis
testing with single or multiple mix grass allergoids (Moran et al., 1977;
Starchenka et al., 2017). Adjuvant use of L-tyrosine (by forming a
depot) allows controlled slow release of allergoid resulting in reduced
incidence of local IgE mediated allergic responses, while prolonging the
antigenic response of the therapy (Leuthard et al., 2018). Work with L-
tyrosine showed that it protects from IgE-mediated reactivity in mouse
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models but acts independently of inflammasome (specific innate) and
Toll-Like Receptor (TLR) signalling. Furthermore, testing in mice sen-
sitised by injection of birch pollen extract with the same allergen ad-
sorbed on L-tyrosine with up to 5 weekly doses (giving a total extract
protein dose of 264 ug) showed IgGl and IgG2a antibody responses
were induced. The adjuvant activity of MPL® arises through promotion
of a T helper type I (Thl) response through stimulation of the innate
immune response by binding to the TLR complex (Casella and Mitchell,
2008; Evans et al., 2003). Thus, switching away from an IgE mediated
allergic response, as evidenced by an IgG titre, occurs. Studies in mice
with allergoid adsorbed to L-tyrosine and with MPL® showed a Thl
skewed effect with induced IgG2a and IgG2b responses but no IgE
change (Wheeler et al., 2001). More recently, it was shown that aller-
goid (glutaraldehyde-modified ragweed pollen)-L-tyrosine with MPL®
enhanced allergen specific IgG1 and IgG2a antibody titres in mice, with
the combination of L-tyrosine and MPL® generating a high and sus-
tained IgG antibody response (Hutchings et al., 2017). A randomised,
double-blind, parallel group, multi-centre clinical study with PQ Birch
showed increases in IgG and IgG4 immunoglobulin subtypes but no
change in IgE (Worm et al., 2018).

To support clinical development, PQ Birch has undergone non-
clinical evaluation comprising genotoxicity, rat repeat dose toxicology
and rabbit local tolerance testing. Relevant regulatory guidelines were
referenced to support this evaluation (EMEA, 1998; ICH M3(R2), 2009;
WHO, 2013) and regulatory agency guidance was sought on the actual
studies needed. The design of the repeat dose toxicology study was
based upon experience available for other allergoids (grass pollen,
ragweed and house dust mite)-L-tyrosine MPL® products (Baldrick
et al., 2002a, 2004; 2007). The toxicology study design covered the
proposed clinical regimen of 6 subcutaneous injections given at inter-
vals of up to 14 days as 900 Standardised Units (SU)/mL (1st injection),
2400 SU/mL (2nd injection) and 6000 SU/mL (3rd to 6th injections) to
give a cumulative dose of 27300 SU. It was highlighted that a study of
longer duration (eg, 6 months), greater dosing interval (> 2 weeks) or
large number of injections (proposed clinical number of doses [n] + 1,
giving 7 in total were used) would be unrepresentative and excessive
compared to the clinical situation and not in keeping with the WHO
guideline. The n + 1 dosing scheme follow current regulatory thinking
(Matsumoto et al., 2016; WHO, 2013).

All studies were performed at Covance Laboratories Ltd, Harrogate,
UK in 2015-2018 in compliance with Good Laboratory Practice (GLP).

2. Materials and methods
2.1. Test material and formulation

The PQ Birch 6000 SU/mL formulation is birch tree pollen extract
modified by glutaraldehyde that is adsorbed to L-tyrosine, by co-pre-
cipitation, with addition of MPL®. The composition of drug product is
given in Table 1.

The test material used for the genotoxicity, repeat dose toxicology
and local tolerance studies was supplied as vials containing 6000 SU/
mL of birch pollen allergoid, 50 pg/mL MPL® adjuvant and 20 mg/mL
tyrosine. The control material was supplied as vials of “2% Tyrosine
suspension” (repeat dose toxicology study) or “2% Tyrosine Blank”
(genotoxicity and local tolerance studies) and was identical to the test
material except that birch pollen allergoid and MPL® were not present.
This control material was used for dilution of the supplied 6000 SU/mL
allergoid strength to give concentrations used in genotoxicity testing.

Animal care and use was compliant with the Association for
Assessment and Accreditation of Laboratory Animal Care International
(AAALAC) recommendations and study designs underwent internal
ethical review.
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Table 1
Composition of drug product.

Ingredient Function Reference to  Quantity per mL of drug product
Quality proposed for clinical use
Standard
6 injections; cumulative dose:
27300 SU
Active Pharmaceutical Ingredient
Modified Active In house 900 2400 6000
Birch SU/mL SU/mL SU/mL
Extract”
Other components”
L-Tyrosine Adsorbant base  USP/Ph. 20 mg 20mg 20 mg
Eur.
MPL® Adjuvant In house 0.05mg 0.05mg 0.05mg

@ SU - Standardised Units/mL.

b Further components include dipalmitoyl phosphatidylcholine, phenol, so-
dium chloride, disodium phosphate dodecahydrate, sodium dihydrogen phos-
phate dehydrate and water for injection.

2.2. Bacterial reverse mutation assay

PQ Birch was evaluated for the induction of reverse mutations and
cytotoxicity in bacterial cells using 5 strains of Salmonella typhimurium
(TA98, TA100, TA1535, TA1537 and TA102) using a standard plate
incorporation method. Strains TA98, TA100, TA1535 and TA1537 were
originally obtained from the National Collection of Type Cultures
(NCTC), United Kingdom. Strain TA102 was derived from cultures
originally obtained from Covance Laboratories Inc., USA. Testing was
performed in the absence and presence of exogenous metabolic acti-
vation (S9) at concentrations of 3, 9.49, 30, 94.9, 300, 949.0 or 3000
SU/plate, with the latter being a maximum practicable concentration
based on the supplied vial concentration of 6000 SU/mL of PQ Birch
and a maximum volume of 0.5 mL of test article solution to allow the
agar to set sufficiently. The S9 was obtained from Molecular Toxicology
Incorporated, USA, where it was prepared from male Sprague-Dawley
rats induced with Aroclor 1254. Negative controls (untreated or 2%
Tyrosine Blank) were tested in quintuplicate, while the different con-
centrations of PQ Birch and positive control chemicals (obtained from
Sigma Aldrich Chemical Co. Poole, United Kingdom) were included as
triplicate plates as follows: 5 pg/plate 2-nitrofluorene (2NF for TA98
-S9), 2 pg/plate sodium azide (NaN3 for TA100 and TA1535 -S9), 50
ug/plate 9-aminoacridine (AAC for TA1537 -S9), 0.2 ug/plate
Mytomycin C (MMC for TA102 -S9), 10 ug/plate benzo[a]pyrene (B[a]
P for TA98 + S9) and 2-aminoanthracene (AAN) at 5 pg/plate (for
TA100, TA1535 and TA1537 + S9) and 20 pg/plate (for TA102 + S9).
Colonies were counted electronically using a Sorcerer Colony Counter
(Perceptive Instruments) or manually where confounding factors such
as splitting or bubbles in the agar affected the accuracy of the auto-
mated counter. The background lawn was inspected for signs of toxicity
or evidence of test material precipitation. Individual plate counts were
recorded separately and the mean and standard deviation of the plate
counts for each treatment were determined. Results were compared to
in-study and laboratory historical control ranges. The presence or
otherwise of a concentration response was checked by non-statistical
analysis. The evaluation criteria for a mutagenic response was if a
concentration-related increase in revertant numbers was =1.5 fold (for
TA102), =2 fold (for TA98 and TA100) or = 3 fold (for TA1535 and
TA100).

2.3. Chinese hamster ovary micronucleus assay

The clastogenic and aneugenic potential of PQ Birch was examined
by its effects on the frequency of micronucleated cells in cultured
Chinese hamster ovary (CHO) cells treated in the absence and presence
of rat §9. Cells were exposed to concentrations of 25, 50, 100, 200, 300,
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400, 500 or 600 SU/mL for 3 h in the absence and presence of S9 and
sampled at 24 h after the beginning of treatment (3 + 21 h treatment).
In addition, an extended 24 h in the absence of S9 at concentrations of
5, 10, 20, 40, 60, 80, 100 or 120 SU/mL was included (24 + O h
treatment). Testing occurred in duplicate and was called Experiment 1.
As the data for the 24 + O h treatment in the absence of S9 were
considered equivocal (see later), a confirmatory experiment was per-
formed using the same testing conditions and was referred to as
Experiment 2. Range-finder experiments were used to confirm that PQ
Birch at 600 (3 + 21 h treatment) and 120 (24 + 0 h treatment) SU/mL
were maximum achievable concentrations based on cytotoxicity and
lack of evidence of test material precipitation measurements. The S9
was obtained from Molecular Toxicology Incorporated, USA. Negative
controls (untreated or 2% Tyrosine Blank) tested in quintuplicate and
positive controls (obtained from Sigma Aldrich Chemical Co. Poole,
United Kingdom), tested in duplicate and comprising 0.2 pg/mL mito-
mycin C (MMC) (for 3 + 21 h treatment -S9), 4 pg/mL cyclopho-
sphamide (CPA) (for 3 + 21 h treatment + S9) and 0.005 pg/mL
vinblastine (VIN) (24 + 0 h treatment) were included. Following
treatment, cells were processed to slides and one thousand binucleate
cells from each culture (2000 per concentration) were analysed for
micronuclei. The number of cells containing micronuclei and the
number of micronuclei per cell on each slide was noted with mea-
surement of micronucleated binucleate (MNBN) cells. Evaluation for
nucleoplasmic bridges (NPBs) between nuclei in binucleate cells was
also recorded during micronucleus analysis for the 24 + 0 h treatments
in the absence of S-9 in Experiments 1 and 2. The proportions of MNBN
cells for each treatment condition were compared with the proportion
in negative controls by using Fisher's exact test. A Cochran-Armitage
trend test was applied to each treatment condition to determine any
relationship between concentration and frequency of MNBN cells.
Probability values of p < 0.05 were accepted as significant.

2.4. Repeat dose toxicology study

The study took the form of a 13-week intermittent dose sub-
cutaneous toxicity study in the rat followed by a 4-week treatment-free
period. Han Wistar Crl:WI(Han) rats were obtained from Charles River
Laboratories, Margate, United Kingdom and were subjected to a 3 week
acclimation period. A group of 15 male and 15 female rats were then
given a single subcutaneous dose of PQ Birch at 1 mL/rat once every 2
weeks for 13 weeks (a total of 7 doses). Each dose contained 6000 SU/
mL of birch pollen allergoid, giving a cumulative quantity of 42,000 SU,
which was well in excess of the proposed clinical cumulative dose of
27300 SU. A further group of 15 males and 15 females received control
material at 1 mL/rat. Four injection sites were used in rotation (first
dose into left shoulder, second dose into right shoulder, third dose into
left hip, fourth dose into right hip and so on). Rats were approximately
6-7 weeks old and had bodyweights of 165-213g (males) and
132-175 g (females) on study initiation. Animals were maintained in an
air-conditioned room with 15-20 air changes/hour. The temperature
and relative humidity ranges were maintained in the specified ranges of
20-24°C and 45-65%, respectively and a 12h light/dark cycle was
used. Standard animal diet and water were available ad libitum
throughout the study. Rats were housed 2 or 3 to a cage.

Following the last dose, 10 male and 10 female animals from the
control and test groups were sacrificed after 13 weeks; remaining rats
were retained for a 4-week recovery period. The following study
parameters were measured: mortality and clinical observations, body-
weights, food consumption, ophthalmoscopy, clinical pathology, organ
weights plus macroscopic and microscopic examination. Cage-side ob-
servations were made daily, bodyweights were recorded weekly and
food consumption was measured twice weekly. An ophthalmoscopic
examination was performed predose, at Week 12 and at the end of the
recovery period; examination was carried out using an ophthalmoscope
after induction of mydriasis. During Week 13 and at the end of the
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recovery period, blood samples for haematology, coagulation and
clinical chemistry assessment were collected from all animals after
fasting overnight. Samples were collected in EDTA, trisodium citrate
and lithium heparin tubes, respectively. Haematology parameters
measured comprised: haemoglobin, red blood cell count, packed cell
volume, mean cell volume mean cell haemoglobin, mean cell hae-
moglobin concentration, reticulocyte count, red cell distribution width,
total and differential white cell count and platelet count. Coagulation
parameters measured comprised: activated prothrombin time, partial
thromboplastin time and fibrinogen. Clinical chemistry parameters
measured comprised: aspartate aminotransferase, alanine amino-
transferase, gamma glutamyl transferase, alkaline phosphatase, total
cholesterol, triglycerides, total bilirubin, total protein, albumin, glo-
bulin, albumin:globulin (A/G) ratio, sodium, potassium, chloride, cal-
cium, inorganic phosphate, creatinine, urea, glucose and creatine ki-
nase. The following urine parameters were measured: volume, colour,
turbidity, specific gravity, pH, protein, glucose, ketones, urobilinogen,
bilirubin, blood and microscopy of sediment.

Rats were sacrificed after 13 weeks of treatment (Day 86) or, on Day
29 of the recovery period, by isoflurane anaesthesia prior to ex-
sanguination and then examined grossly for pathological changes.
Selected organs were weighed and comprised: adrenal, brain, epidi-
dymis, heart, kidney, liver, ovary, pituitary, prostate, spleen, testis,
thymus, thyroid with parathyroid, uterus with cervix. Following pro-
cessing to 5pum sections and staining with haematoxylin and eosin for
light microscopy, the following organs/tissues were examined histo-
pathologically for all animals of the terminal control and test groups:
adrenal, aorta, brain, caecum, colon, duodenum, epididymis, oeso-
phagus, eyes, femur with bone marrow and femorotibial joint, gut-as-
sociated lymphoid tissue/Peyer's patch, gross lesions, heart, ileum, in-
jection sites, jejunum, kidney, liver, lungs with mainstem bronchi and
bronchioles, lymph node (axillary, mandibular and mesenteric), mam-
mary gland, muscle (biceps femoris), nerve (optic and sciatic), ovary,
pancreas, pituitary, prostate, rectum, salivary gland (mandibular and
sublingual), seminal vesicle, skin and subcutis, spinal cord (at 3 levels),
spleen, sternum with bone marrow, stomach, testis, thymus, thyroids
with parathyroids, tongue, trachea, urinary bladder, uterus with cervix
and vagina. Injection sites and any gross lesions were examined for all
recovery group animals.

Statistical analysis of bodyweight, food consumption, clinical pa-
thology parameters and organ weights occurred with comparison of the
control group with those receiving the PQ Birch. Data for each sex were
analysed separately and Levene's test was performed to test for equality
of variances between groups. When Levene's test was significant
(P = 0.05), a rank transformation (to stabilize the variances) was ap-
plied to the data prior to analysis. Data were analysed using a two-
sample t-test. Probability values of p < 0.05,p < 0.01 andp < 0.001
were considered statistically significant.

2.5. Local tolerance study

In this study, PQ Birch was injected subcutaneously once, at a dose
level of 1 mL/animal, into shaven left and right anterior skin sites of
each of 8 New Zealand White rabbits (4 males and 4 females) on Day 1.
The control formulation was similarly injected into posterior skin sites
on the left and right flanks of each animal. Rabbits were obtained from
Harlan UK Ltd, Bicester, United Kingdom and subjected to a 5 day ac-
climation period. At dosing, rabbits were weighed 2.5-3.0 kg. Animal
husbandry was similar to that described for the repeat dose toxicology
study, although rabbits were housed singly. Groups of 2 males and 2
females were sacrificed on Day 5 by intravenous injection of sodium
pentobarbitone and the remaining animals were terminated on Day 10.
Assessment of clinical signs, bodyweights (Day —1, 1 and prior to ne-
cropsy) and local dose site reaction was made throughout the study;
dose sites were evaluated macroscopically and histologically following
the Day 5 and 10 sacrifice. Injections sites, the surrounding tissue and
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Table 3
MNBN cell frequencies from in vitro micronucleus testing using CHO cells.
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Treatment Concentration (SU/mL) Cytotoxicity (%) ¢ Mean MNBN Cell Frequency (%) Historical Control Range (%)° Statistical Significance
3+ 21h-S9 Vehicle® - 0.50 0.21-1.39 -
Experiment 1 400.0 0 0.95 p =0.05

500.0 0 0.45 NS

600.0 0 0.70 NS

"MMC, 0.20 19 8.50 p < 0.001
3+21h+S9 Vehicle® - 0.70 0.11-1.79 -
Experiment 1 400.0 0 1.25 p <0.05

500.0 0 1.00 NS

600.0 0 0.45 NS

"CPA, 4.00 15 7.65 p < 0.001
24 + 0h-S9 Vehicle® - 1.20 0.30-1.58 -
Experiment 1 UTC - 0.55 NS

80.00 2 2.00 p =0.05

100.0 0 1.45 NS

120.0 5 1.70 NS

"VIN, 0.005 0 4.35 p < 0.001
24 + 0h-S-9 Vehicle® - 0.35 0.30-1.58 -
Experiment 2 UTC - 0.60 NS

80.00 0 0.20 NS

100.0 0 0.70 NS

120.0 0 0.40 NS

"VIN, 0.005 0 1.90 p =< 0.001

NS Not significant.
UTC Untreated control.

2 Vehicle control (2% Tyrosine Blank) added at 10% v/v for the 3 + 17 h - and +S-9 treatments and at 2% v/v for the 24 + 0 h -S-9 treatment.

b Ppositive control, pug/mL.
¢ 95th percentile of the observed range.

4 Based on replication index (the relative number of nuclei compared to vehicle controls).

follow-up testing for positive or equivocal genotoxicity results, pro-
posed by the International Workshop for Genotoxicity Testing (IWGT)
(Thybaud et al., 2007) suggest that as the equivocal in vitro result for
micronucleus induction in Experiment 1 was not reproduced in Ex-
periment 2, the weight of evidence indicates a lack of genotoxic po-
tential. Finally, all positive control compounds induced statistically
significant increases in the proportion of cells with micronuclei, de-
monstrating the validity of the assay.

As can be seen from Table 4, increases in the numbers of binucleate
cells with NPBs (indicating misrepair of double-strand DNA breaks)
were seen in all treated cultures and the vehicle controls for the
24 + 0 h treatment in the absence of S-9, compared to the untreated
(culture medium) controls, in both Experiment 1 and 2 and was parti-
cularly evident in Experiment 1.

3.3. Repeat dose toxicity studies

Single subcutaneous doses of 1 mL PQ Birch at 6000 SU/mL once
every 2 weeks for 13 weeks were well tolerated with no obvious signs of
systemic toxicity and study findings were limited to a few clinical pa-
thology parameters and dose site histopathological change. Slightly
higher bodyweight gain (2%) at termination for females (resulting in a
9% increase in bodyweight) compared to the control group was not
seen after the recovery period and was considered co-incidental.
Haematology and coagulation parameter changes at termination are
given in Table 5. Thus, there were minor increases in reticulocyte count
(mainly in females), red cell distribution width (mainly in males) and
activated partial thromboplastin time (increased in males and de-
creased in females), which may well have been co-incidental along with
increased white blood cell count (both sexes), notably for neutrophils
and large unstained cells; lymphocytes were decreased (both sexes) and
fibrinogen level was slightly increased (both sexes). Table 6 shows that
clinical chemistry changes were associated with increased globulin
level (both sexes) resulting in decreased A/G ratio and minor altera-
tions in albumin (decreased in both sexes) and total protein (increased
in both sexes). None of these clinical pathology changes were seen after

Table 4
Binucleate cells with NPBs from in vitro micronucleus testing using CHO cells.

Treatment (SU/mL) Replicate Experiment 1 NPBs Experiment 2 NPBs
Vehicle® A 133 27
B 129 33
Total 262 60
UTC A 44 25
B 37 16
Total 81 41
80.00 A 125 34
B 147 34
Total 272 68
100.0 A 176 31
B 189 33
Total 365 64
120.0 A 146 29
B 149 32
Total 295 61
"VIN, 0.005 A 57 15
B 32 15
Total 89 30

UTC Untreated control.

NPB Nucleoplasmic bridge.
@ Vehicle control was 2% Tyrosine Blank.
b positive control, pg/mL.

the recovery period. Macroscopic examination showed occasional red
areas/reddening or thickening/raised areas among animals of control
and test groups at the left hip dose site, while gelatinous appearance
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Table 5
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Noteworthy haematology and coagulation findings after 13 weeks of treatment with PQ Birch compared to control.

Parameter (Units) Control males Test males

Control females Test females

Reticulocyte (10E9/L) 184.7 = 21.81 191.0 + 22.33 (+3%) 167.5 = 31.56 204.3 * 33.35 (+22%)*
Reticulocyte (%) 2.0 £ 0.24 2.1 + 0.23 (+5%) 2.0 = 0.37 2.5 = 0.43 (+25%)*

Red cell distribution width (%) 12.2 = 0.46 13.3 = 0.56 (+9%)*** 10.9 = 0.43 11.2 = 0.33 (+3%)
White blood cell (10E9/L) 6.3 = 0.47 9.1 = 2.37 (+44%)*** 4.2 = 0.55 5.2 *= 1.55 (+24%)
Neutrophil (10E9/L) 1.56 + 0.368 4.80 + 2.050 (+208%)*** 1.12 + 0.286 2.62 * 0.995 (+134%)***
Large unstained cell (10E9/L) 0.06 = 0.017 0.13 £ 0.024 (+117%)*** 0.04 + 0.021 0.06 * 0.017 (+50%)
Lymphocyte (%) 71 = 4.8 45 * 8.9 (—37%)*** 68 + 6.3 46 * 8.0 (—32%)***
APTS (sec) 18.9 = 0.72 19.9 = 1.40 (+5%) 21.7 = 8.28 19.4 = 1.03 (—11%)
Fibrinogen (g/L) 1.68 + 0.117 2.47 £ 0.109 (+47%)*** 1.32 = 0.156 2.09 * 0.162 (+58%)***

APTS = Activated partial thromboplastin time.
*p < 0.05; **p < 0.001.

Note: Values in parenthesis are percent change from control (2% Tyrosine suspension).

was noted for a small number of animals administered PQ Birch. His-
topathology findings are shown in Table 7. At the left hip dose site,
inflammation was observed in both control and test groups and was
characterised by a zone of inflammatory cells (predominantly neu-
trophils) surrounding a central amorphous area of injected material. In
general, the severity of this finding was marginally higher for animals
administered PQ Birch compared with the control group. At the other
dose sites (right shoulder, left shoulder and right hip), focal areas of
fibrosis were noted for a small number of animals in both control and
test groups. After the recovery period, focal areas of fibrosis were ob-
served at dose sites in single animals administered PQ Birch.

3.4. Local tolerance study

Single subcutaneous injections of 1 mL PQ Birch at 6000 SU/ml to
the rabbit resulted in no clinical signs, minor skin reactions and no
macroscopic or vaccine-related histopathological changes. Skin reac-
tions on Day 5 were limited to very slight to slight oedema and/or slight
to well defined erythema at the site of injection but only in 4 out of 8
animals and in 3 animals, the signs were restricted to only one of the 2
dose sites (data not shown). No dermal observations were recorded at
any of the dose sites where the control formulation was administered.
Histopathology findings at Day 5 were comparable between dose sites
administered PQ Birch and the control formulation and included sub-
acute focal/localised inflammatory changes such as mixed in-
flammatory cell accumulation and fibroblast/blood vessel proliferation
often with central necrosis and foreign (test or control) material (data
not shown). At Day 10, findings were again similar for the 2 groups,
frequently less pronounced than at Day 5 and included chronic focal/
localised inflammatory changes with variable, sometimes minor accu-
mulation of mononuclear cells, particularly epithelioid and foreign
body giant cells with accompanying granulation/fibrous tissue, some-
times with central pseudocyst containing foreign material. There were
also occasions of central necrosis usually with accompanying active
inflammation.

Table 6

4. Discussion

PQ Birch is an allergoid adsorbed to L-tyrosine with MPL® AIT for
the treatment of birch pollinosis. An array of nonclinical data are
available supporting the safety of allergoid L-tyrosine with MPL® pro-
ducts and their components (Baldrick et al., 2002a, 2002b; 2002c,
2004; 2007, 2011; Reeve et al., 2012). The present investigation was to
further characterise the safety of PQ Birch to support clinical devel-
opment as discussed and agreed following regulatory agency interac-
tion. Not unexpectedly given its nature as a pollen extract, PQ Birch was
not genotoxic. Testing in a bacterial reverse mutation assay showed no
mutation at concentrations up to 3000 SU/plate, in the absence and
presence of S9. It was shown that PQ Birch did not induce micronuclei
in Chinese hamster ovary (CHO) cells when tested up to the maximum
practicable concentrations of 600 SU/mL for 3 + 21 h in the absence
and presence of S9 and 120 SU/mL for 24 + 0 h in the absence of S9.
Increases in the frequency of NPBs were observed in both 2% Tyrosine
Blank and PQ Birch treated cultures following incubation for 24 + 0 h
in the absence of S-9 in comparison with untreated control cultures.
NPBs between nuclei in binucleate cells recorded during micronucleus
analysis can provide an indication of chromosome rearrangement and
originate from dicentric chromosomes, possibly by misrepair of double-
strand DNA breaks or telomere end fusions (Thomas et al., 2003). The
significance of this finding is unclear, especially as it was only seen in
one of the treatment regimens but may suggest that some component
part/s of the vehicle used may not be suitable for use in the test system
for an extended treatment period. Confirming the results from studies
with PQ Birch, previous genotoxicity testing with allergoid L-tyrosine
with MPL® products (including in vivo micronucleus and Comet assay
studies in rat with the related PQ Grass) and their components have also
given negative results (Baldrick et al., 2002a, 2002b; 2007; Reeve et al.,
2012).

Subcutaneous doses of PQ Birch every second week on 7 occasions
in the rat over 13 weeks showed no obvious signs of systemic toxicity,
with minor study findings which reflected use of an adjuvanted vaccine.
Thus, increased white cell count (notably neutrophils), increased glo-
bulin level (resulting in decreased A/G ratio) and increased fibrinogen
were seen with PQ Birch as well as minor dose site reaction in the form

Noteworthy clinical chemistry findings after 13 weeks of treatment with PQ Birch compared to control.

Parameter (Units) Control males Test males Control females Test females

Total Protein (g/L) 68 + 2.7 73 = 2.4 (+7%)*** 73 = 3.3 76 = 3.6 (+4%)
Albumin (g/L) 42 = 1.2 39 + 1.6 (—7%)** 49 + 2.5 46 = 1.1 (—6%)**
Globulin (g/L) 27 + 2.1 34 *= 2.7 (+26%)* 24 + 1.8 30 = 3.4 (+25%)**
A:G ratio 1.6 = 0.12 1.2 £ 0.11 (—25%)*** 2.1 = 0.17 1.6 = 0.19 (—24%)

A:G = Albumin:globulin.
*p < 0.01; **p < 0.001.

Note: Values in parenthesis are percent change from control (2% Tyrosine suspension).
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Table 7
Incidence of injection site findings after 13 weeks of treatment and 4 weeks of
recovery with PQ Birch compared to control.

Control Test male  Control Test
male female female
Tissue and Level (SU/mL) O 6000 0 6000
finding
Terminal sacrifice
Subcutaneous, No. examined: 10 10 10 10
Left
Shoulder
Fibrosis Grade - 10 10 9 10
1 0 0 1 0
Subcutaneous, No. examined: 10 10 10 10
Right
Shoulder
Fibrosis Grade - 10 10 10 8
1 0 0 0 2
Subcutaneous, No. examined: 10 10 10 10
Left Hip
Inflammation Grade - 3 2 2 3
1 3 2 6 2
2 4 0 2 3
3 0 6 0 2
Subcutaneous, No. examined: 10 10 10 10
Right Hip
Fibrosis Grade - 9 8 10
1 1 1 1
2 0 1 0
Recovery sacrifice
Subcutaneous, No. examined: 5 5 5 5
Right
Shoulder
Fibrosis Grade - 5 4 5 5
1 0 1 0 0
Subcutaneous, No. examined: 5 5 5 5
Left Hip
Fibrosis Grade - 5 5 5
1 0 0 0 1
Subcutaneous, No. examined: 5 5 5 5
Right Hip
Fibrosis Grade - 5 4 5
1 0 1 0 1

- = Finding not present; 1 = Minimal; 2 = Slight; 3 = Moderate; F = Female;
M = Male.
Control = 2% Tyrosine suspension.

of inflammatory cell infiltrate surrounding a central amorphous area of
injected material at a marginally higher severity in animals adminis-
tered PQ Birch and/or a few cases of focal areas of fibrosis which was
also seen in controls (same vaccine formulation except birch pollen
allergoid and MPL® were not present). Recovery after the 4 week non-
dose period was generally seen for study findings. This lack of toxicity
was also supported in other work (not published) with a related allergy
vaccine (“Tree MATA MPL”). As for PQ Birch, this vaccine was com-
posed of a pollen extract (in this case, a combination of pollen from
birch, hazel and alder) which was chemically modified with
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glutaraldehyde to form an allergoid, then adsorbed to L-tyrosine with
further addition of MPL®. Twice weekly subcutaneous doses to groups
of 10 male and 10 female rats using 2000 SU/mL at 0.1 or 1 mL oc-
curred with a 2 week recovery period (using 5 males and 5 females).
The test material contained 20 mg/mL L-tyrosine and 0.05mg/mL
MPL®, while a control group received the same formulation but without
allergoid or MPL®. Notable clinical pathology findings, compared to
control, were only seen at the 1 mL dose and comprised increased
neurophils and/or white blood cell count and lymphocytes along with
increased plasma total protein and globulin and/or reduced albumin;
all changes showed recovery. Dose site histopathological findings of
haemorrhage, cellulitis/fibrosis and granulomas and/or abscesses were
seen across all groups (including controls) but were more prominent in
the 1 mL vaccine-treated group. Evidence of recovery was seen. Finally,
previous toxicology work with other allergoid L-tyrosine with MPL®
products (with household mite and ragweed pollen extracts) and their
components have further shown consistent findings associated with
immunostimulation (including increased white blood cell values and
altered globulin levels) in the rat (Baldrick et al., 2002a, 2002b; 2002c,
2004; 2007, 2011). Thus, both systemic and dose site effects are likely
due to the immunostimulatory nature of MPL® and/or the presence of
L-tyrosine as a response from use of an adjuvanted vaccine. More re-
cently, a review of toxicology studies with 30 different adjuvanted
vaccines showed common study findings of altered clinical pathology
parameters (commonly raised blood neutrophil count and increased
globulin levels, but also raised fibrinogen) and evidence of inflamma-
tion at the dose site (Baldrick, 2016). It was concluded that clinical
pathological and injection site changes can be interpreted as related to
an expected reaction after vaccine dosing, with generation of an im-
mune response largely as a result of the presence of adjuvant, although
direct vaccine antigen involvement was also occasionally demonstrated
by the presence of a slightly increased inflammatory response seen over
adjuvant treatment only.

Local tolerance testing confirmed the dose site effects with PQ
Birch. Thus, specific examination following a single subcutaneous in-
jection of the human dose (1 mL PQ Birch) in the rabbit gave minor skin
reactions of very slight to slight oedema and/or slight to well defined
erythema in 50% of the animals, with signs generally restricted to one
of the 2 PQ Birch-treated sites. Histopathology evaluation showed
findings at Day 5 that were comparable between dose sites adminis-
tered PQ Birch and the control (lacking birch pollen allergoid and
MPL®) formulation and included subacute focal/localised inflammatory
changes which were considered consistent with a non-specific in-
flammatory response to the injected formulations. Findings at Day 10
were frequently less pronounced than at Day 5 and included chronic
focal/localised inflammatory changes and were considered consistent
with the reparative phase of an inflammatory response to foreign ma-
terial. Further local tolerance testing (not published) of the related al-
lergy vaccine (“Tree MATA MPL”) mentioned earlier gave similar re-
sults. Treatment comprised a single subcutaneous dose to a group of 8
rabbits at 1 mL with vaccine at 2000 SU/mL, vaccine without allergoid
or physiological saline. Dose site reactions comprised microscopic
findings of cellulitis/fibrosis and granulomas as examined on Day 5 for
both vaccine and vaccine without allergoid groups. Evidence of partial
recovery (decreased inflammation and greater fibrotic content at dose
sites) was seen on Day 10.

Overall, repeated subcutaneous doses of PQ Birch in the rat revealed
no safety concerns at a cumulative quantity of 42,000 SU birch pollen
extract, which was well in excess of the proposed clinical cumulative
dose of 27300 SU. This lack of toxicity has been supported by a large
clinical database involving use of PQ Birch or related birch allergoid
vaccine (an earlier form without the presence of MPL®) which have
been shown to be well tolerated with the majority of adverse drug re-
actions being resolvable local reactions [in-house data; 18].

In conclusion, a specific nonclinical safety testing strategy devel-
oped to support clinical use of PQ Birch and comprising 2 in vitro
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genotoxicity studies (bacterial reverse mutation and Chinese hamster
ovary micronucleus assays), a repeat dose toxicology study in rat and a
local tolerance study in rabbit has shown that there were no safety
findings of concern. Thus, no evidence of genotoxicity was found.
Relatively minor, immunostimulatory effects were seen following re-
peated dosing (once every 2 weeks for 13 weeks) in the form of re-
versible increased white cell count (notably neutrophils), increased
globulin level (resulting in decreased A/G ratio) and increased fi-
brinogen were seen as well as minor dose site reaction in the form of
inflammatory cell infiltrate. These findings are likely due to the im-
munostimulatory nature of MPL® and/or the presence of L-tyrosine as a
response from use of an adjuvanted vaccine, or a combination of all of
these. Similar dose site inflammatory changes to the injected formula-
tion material were also noted in the rabbit local tolerance study.
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