1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cell Immunol. Author manuscript; available in PMC 2019 December 01.

-, HHS Public Access
«

Published in final edited form as:
Cell Immunol. 2018 December ; 334: 38-41. doi:10.1016/j.cellimm.2018.08.016.

Anti-drug antibodies to LMB-100 are enhanced by mAbs
targeting OX40 and CTLA4 but not by mAbs targeting PD1 or
PDL-1

Ronit Mazora1, Emily King?2, and Ira Pastan?

aLaboratory of Molecular Biology, Center for Cancer Research, National Cancer Institute, National
Institutes of Health, Bethesda, MD 20892-4264 USA

Abstract

LMB-100 is a recombinant immunotoxin being developed for cancer treatment that is composed
of a Fab that binds to mesothelin and a portion of Pseudomonas exotoxin A. LMB-100 is in
clinical trials for the treatment of mesothelioma and pancreatic cancer. To determine if check point
modulating antibodies enhance the formation of anti-drug antibodies (ADA) against LMB-100, we
treated mice with LMB-100 and four different immune modulating monoclonal antibodies that
have different mechanisms of action; anti-CTLA4, anti-OX40, anti-PD-1 and anti-PDL-1. We
found that anti-PD-1 and anti PDL-1 do not increase the formation of ADA, but anti-CTLA-4 and
anti-OX-40 do increase the onset of ADA. These results indicate that combining anti-CTLA-4 and
anti-OX-40 with antibodies and other protein-based therapeutics may enhance ADA formation in
humans.
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1. Introduction

LMB-100 is a recombinant immunotoxin composed of an antibody that targets mesothelin
and a fragment of Pseudomonas exotoxin A that is designed to selectively kill tumor cells.
Mesothelin is a cell surface glycoprotein that is highly expressed in mesothelioma,
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pancreatic cancer, and other cancers including lung, ovary and stomach [1, 2]. By combining
the target specificity of an antibody with the cell killing activity of a powerful toxin,
recombinant immunotoxins can kill cancer cells and spare normal organs that do not express
the target antigen.

Immunotherapy has revolutionized the field of cancer treatment and recently Immune-
modulating monoclonal antibodies (mAbs) have produced many durable cancer regressions
in melanoma, colorectal cancers, non-small cell lung cancer (NSCLC) and other cancer
types [3]. Immunotherapy mAbs have been subdivided into two major groups based on their
mechanism of action. The first group includes antibodies that activate and prime T cells.
These include anti-CTLA4, anti-OX-40, anti-CD137 and anti-CD-27. The second group
involves mAbs that interfere with cell exhaustion mechanisms (“release the breaks™) such as
anti-PD-1 and anti-PDL-1 [3]. While the specific mechanism of each of those mAbs varies,
they all affect immune regulation, and their activity holds many risks including
autoimmunity and cytokine storm [4, 5]. In cases when protein therapeutics are combined
with these immune modulating mAbs, there is also a risk of increase in unwanted
immunogenicity of the therapeutic protein. In addition, check point inhibitors are now being
administered with other anti-cancer agents to increase their efficacy [6, 7] and there is a risk
in alteration of the immune response against those agents.

Pseudomonas exatoxin A kills cells by ADP ribosylation of elongating factor Il which leads
to protein translation arrest and promotes apoptosis. This mechanism of killing has been
recently suspected to promote immune engagement in the regressing tumor site [8, 9]. This
immune engagement lead researchers to evaluate the effectiveness of combination therapy of
immunotoxins with immune modulating mAbs in pre-clinical models [10] and in recent
clinical trials (NCT02990416, NCT03258593). While the pre-clinical efficacy of such
combinations seems promising, the effect of such combination on the immunogenicity and
the formation of anti-drug antibodies (ADA) against the immunotoxin has not been studied.
Understanding the effect of immune modulating mAbs on immunogenicity is critical to plan
safer and more effective clinical studies.

We evaluated the formation of ADAs against LMB-100 given with four immune modulating
mADbs that are favorable candidates for combination therapy and represent several
immunotherapy mechanisms: T cell activator via agonism (anti-CTLA4), T cell activator via
antagonism (anti-OX40), and T cell “release the breaks” (anti-PD-1 and anti-PDL-1).

2. Material and Methods

2.1 Compounds

LMB-100 was manufactured by Roche Diagnostics (Mannheim, Germany) as previously
described [11] and provided through a Collaborative Research and Development Agreement
with F. Hoffman-LaRoche Ltd. All monoclonal antibodies were purchased from BioXcell
with inVivoPlus grade; anti-CTLA4 (mouse 1gG2b, clone 9D9), anti-PD1 (Rat 1gG2a, clone
RMP1-14), anti-PDL-1 (Rat 1gG2b, clone 10F.9G2) and anti-OX40 (Rat 19G1, clone
0OX-86). All mAbs were diluted in PBS to a concentration of 1mg/ml.
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2.2. Mice and plasma samples

Female, wild-type BALB/c mice 8-10 wk of age were acquired from Charles River
(Frederick, MD). All mice experiments followed National Institutes of Health guidelines
approved by the Animal Care and Use Committee of the National Cancer Institute. Mice
were injected with 50 ug of LMB-100 (1.V) twice a week on the first and third day of each
week over the course of three weeks (total of six doses of LMB-100) and immune
modulating mAbs (or vehicle) were injected 1.P (100 pg/mouse) on the second and fifth day
of every week (total of six doses). Blood samples were collected on days 0, 7, 14 and 21 into
heparinized tubes. Samples were centrifuged at 3000 rpm for 5 min and plasma was
collected and stored at —20°C. Mice weight was measured once a week and treatment
withheld if mice experienced a weight loss of 10% of their initial body weight. One mouse
in the group of LMB-100+anti-OX40 died prior to bleeding on week 2. Apart from this one
mouse, no animals were excluded from statistical analysis. The experiment was performed
twice, once with n=4 and once with n=8 with similar results. The results shown are a mean
of all 12 mice in each group.

2.3. ELISA assays

Anti-LMB-100 titers were measured as previously described [12]. In brief, ELISA plates
(Thermo Fisher) were coated with 100 pl of LMB-100 (91 ug/ml). Plates were blocked with
3% BSA and serial dilutions of plasma were incubated for 1 h. Anti-LMB-100 antibodies
were detected with goat anti-mouse 1gG (H+L) HRP (Jackson ImmunoResearch) (1:3000)
and TMB substrate (Thermo Fisher). Optical density of the wells was read immediately after
the addition of H2SO4 stop solution, at a wavelength of 450 nm with subtraction at 650 nm.
Titers were calculated based on a four-parameter logistic curve-fit graph and interpolated on
the half maximal value of the anti-LMB-100 (IP12) [13] (BioXcell, custom lot).

2.4. Statistical analysis

Statistical analysis and graphing were performed using GraphPad Prism software. Time for
detectable titer (Fig. 1D) was tested for significance using two-way ANOVA with individual
Dunnett’s multiple comparisons test. All other comparisons were tested using one Way
ANOVA with Dunnett’s multiple comparisons test.

3. Results

To study the effect of immune modulating antibodies on the immunogenicity of LMB-100,
mice were injected with LMB-100 on days on days 1, 3, 8, 10, 15 and 17 and with anti-
PDL1, anti-PD1, anti-CTLA4 or anti-OX40 on days 2, 5, 9, 12, 16 and 19. ADA formation
against LMB-100 was evaluated on plasma samples (taken on days 0, 7, 14 and 21). The
pilot study included 4 mice per group and was followed by a validation with eight mice per
group. The results are shown for all 12 mice together.

3.1. ADA formation against LMB-100 are increased by anti-OX40 and anti-CTLA4 but not
by anti-PD1 and anti-PDL-1

ADA against LMB-100 increased after each week of injections in all treatment groups (Fig.
1A). The mean titer on the final titer measurement at the end of week 3 for LMB-100 alone
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was 1,410 = 776. When LMB-100 was given in combination with anti-PDL-1 and anti-
PD-1, no change in mean titers were observed with a mean titer of 1,291 + 1,058 and 1,806
+ 1,464, respectively. When LMB-100 was given in combination with anti-OX40 and anti-
CTLA a 4-10-fold increase in the ADA titer was observed with a mean of 14,766 + 11,026
and 5,054 + 2,808 (p<0.0001 and p=0.009), respectively (Fig. 1B).

The cumulative area under the curve (AUC) of anti-LMB-100 titers for each mouse was
calculated to compare the overall response (Fig. 1C). No difference in the AUC was
observed between LMB-100 alone and LMB-100 with anti-PDL-1 or anti-PD-1 (mean AUC
was 1,033 + 618, 837 £ 622 and 1,375 + 937, respectively). In contrast the AUC of mice
titers after combinations of LMB-100 with anti-OX40 or LMB-100 with anti-CTLA4 was 3—
10-fold higher with mean AUCs of 10,019 +7,428 and 3,308 + 1,938, respectively
(p<0.0001 and p=0.02). This result shows that the increase in titer was occurring throughout
the course of the treatment and not only in the last week.

3.2. ADA formation against LMB-100 are accelerated by anti-OX40

To evaluate if the immune modulating mAbs accelerate the onset of immunogenicity, we
compared the number of mice that had detectable titers (an O.D higher than background that
can fit on a four-parameter logistic curve-fit) after each week of treatment (Fig. 1D). After
the first week of injections, 6/12 (50%) mice injected with LMB-100 alone had a detectable
titer. Mice treated with a combination of LMB-100 and anti-PD-1 or anti-PDL-1 had a
similar rate of 5/12 (42%) and anti-CTLA4 has a mild increase 8/12 (67%). However, a
combination of LMB-100 with anti-OX40 had a higher number of mice with positive titer
(11/12, 92%). This increase was significant when comparing the mean rates of the pilot and
validation experiments (p=0.0006). This indicates that anti-OX40 accelerated the formation
of anti-LMB-100 antibodies. After the second and third week of treatment most of the mice
in all treatment groups had detectable titers.

3.3. Combination of LMB-100 with immune modulating mAbs does not affect mice weight

To ensure the treatment did not affect the health of the mice which could change the immune
response, we measured the change in mice weight throughout six doses of LMB-100 and six
doses of immune modulating mAbs. All mice in the study gained 6.6% of their body weight
(from a mean of 18.4g to 19.6g) with no change among the different combination groups
(Fig. 2). For no reason we could identify, one mouse from a group treated with LMB-100 +
anti-OX-40 was found dead after the third LMB-100 dose. This death was not accompanied
with any weight loss.

4. Discussion

In this study, we used a mouse model to evaluate the effect of immune modulating mAbs on
the immunogenicity of LMB-100. We found that anti-PD-1 and anti PDL-1 do not increase
the ADA level against LMB-100, but anti CTLA-4 and anti-OX-40 significantly increase the
ADA onset and titer against LMB-100.

Based on these results, we expect that it would be more beneficial to combine LMB-100
with anti-PD-1 or anti-PDL-1 than with anti-CTLA4 or anti-OX40, because ADA against
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immunotoxins have been shown to be highly neutralizing in vitro and in vivo and also
accelerate their clearance [12, 14].

High ADA levels can be associated with serious adverse events like infusion related
reactions, allergic reactions, anaphylaxis or delayed hypersensitivity. Patients who develop
antibodies are more likely to show infusion-related reactions. Delayed hypersensitivity can
be mediated by immune complexes that potentially could be deposited in tissues [5, 15].
Combination with anti-PD-1 or anti-PDL-1 should therefore be safer than with anti-CTLA4
or anti-OX40.

The finding that anti-CTLAA4 therapy can induce formation of ADAs has been observed by
Kverneland et al. that observed that Ipilimumab induced ADA formation against itself in
26% of patients [16]. Furthermore, Nivolumab (anti PDL-1) as a single agent is only mildly
immunogenic (24/281, 8.5% patients were positive for ADA). However, when it was
combined with Ipilimumab the immunogenicity of Nivolumab almost tripled to 23/105
(22%) (according to FDA package insert Reference ID: 3827356), indicating that
ipilimumab may increase the immunogenicity of a drug it is combined with.

In this study we used a mouse model and mAbs that target the murine CTLA4, PD-1, PDL-1
and OX40. The corresponding human mAbs do not cross react with the mouse antigens and
have a risk of mouse anti-human responses that could bias the results. The clones used in
this study have been used in numerus studies with similar activity to the human antibodies
used in patients. [17-23]. Our results suggest that combining antibodies to CTLA4 or to
0OX40 with other protein-based therapeutics may enhance ADA formation to them.
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Highlights
. LMB-100 is a recombinant immunotoxin for cancer therapy
. We studied the effect of immune modulatory mAbs on the immunogenicity of

LMB-100

. Mice were treated with LMB-100 and mAbs that target CTLA4, OX40, PD-1
or PDL-1.

. anti-PD-1 and anti PDL-1 did not increase the immunogenicity of LMB-100
. anti-CTLA-4 and anti-OX-40 did increase the immunogenicity of LMB-100
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Fig. 1. ADA formation after combination therapy of LMB-100 with immune modulating
antibodies.

BALB/c mice (n=12) were injected (1.V) with LMB-100 (2.5mg/kg) on days 1, 3, 8, 10, 15
and 17 and with immune modulating antibodies (anti-PDL1 (green), anti-PD1 (red), anti-
CTLA4 (purple), anti-OX40 (orange) or vehicle (blue)) (5mg/kg I.P) on days 2, 5, 9, 12, 16
and Blood samples were taken on days 0, 7, 14 and 21 and plasma was isolated. A. Mean
titer of anti-LMB-100 at each time point. P value indicates significant variance in AUC as
shown in C. B. Titer of each mouse at the end of the experiment (week 4). C. AUC for each
mouse in each treatment group. D. Onset time of detectable anti-LMB-100 titer for each
treatment group.

Study was performed in two separate experiments (n=4 and n=8). Titers of both experiments
are shown. Statistical significance was assessed using one-way ANOVA with Dunn’s
multiple comparisons test. Error bars show SEM
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Fig. 2. Effect of combination treatment on body weight.
Body weight was measured weekly for all mice. Data is shown as percent change of body

weight over the starting weight on day 0 (mean +-SEM).
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