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Amivantamab Induces EGFR/cMet Downmodulation by Trogocytosis
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Figure 3.

Amivantamab-Fc interaction with immune cells enhances amivantamab induced EGFR/cMet downmodulation and correlates with monocyte composition.
A, Western blot analysis (PeggySue capillary electrophoresis) of EGFR, pEGFR, cMet, and loading control actin performed following 48 hours treatment of
H1975 cells with 10 pg/mL of hulgG1 isotype control (Isotype) or amivantamab (Ami) in the presence of PBMCs from seven different donors. Western blot
analysis (PeggySue) of EGFR, pEGFR, cMet, pMet, and loading control actin performed following 48 hours treatment with 10 ug/mL of hulgG1isotype control
(Isotype), amivantamab (Ami), or EGFR/cMet-1gG26 (I9G26) in the presence or absence of PBMCs from donor #6 against H1975 cancer cells (B) and donor #3
against SNUS5 cancer cells (C). D, Correlation between the percentage of NK cells, B cells, and T cells within PBMC sample from each donor and the percentage
change in EGFR inhibition upon amivantamab treatment in the presence of PBMCs. E, Correlation between the percentage of monocytes within the PBMC
samples and percentage changes in EGFR, pEGFR (Y1173), and cMet inhibition upon amivantamab treatment in presence of PBMCs. All data represented as

mean + SEM within each treatment group.

donors were tested for their ability to potentiate amivantamab-
mediated downregulation of EGFR, cMet, and pEGER protein levels
(Fig. 3A). Treatment with amivantamab, in the absence of PBMCs,
showed marginal downregulation of EGFR, pEGFR, and moderate
downmodulation of cMet protein levels. Although the addition of
PBMCs enhanced the downmodulation of EGFR, pEGFR and cMet
compared with huIgG1 isotype control for most donors, the extent
of this effect varied among donors (Fig. 3A; densitometry in
Supplementary Fig. S5A). PBMCs from some donors (#3, #4, and
#6) showed a substantial effect in potentiating EGFR and cMet
downmodulation, whereas PBMCs from other donors (#2, #5, and
#7) had little to no effect. PBMCs from additional donors were
similarly tested, and considerable variability in amivantamab-
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mediated downmodulation was observed (Supplementary Figs.
S5B and S5C).

To examine the role of amivantamab-Fc interaction in EGFR/cMet
downmodulation, H1975 cells were treated with hulgGl isotype
control, amivantamab, or Fc silent EGFR/cMet-IgG26 in the presence
of PBMCs from selected donor #6 (Fig. 3B). Addition of PBMCs
markedly potentiated amivantamab-mediated downregulation of
EGFR, pEGFR, and cMet by 46%, 67%, and 44%, respectively
(Fig. 3B; densitometry in Supplementary Fig. S6A), whereas treatment
with the hulgG1 isotype control or EGFR/cMet-IgG26 in the absence
or presence of PBMCs had no apparent effect, suggesting that it is
specific to the amivantamab-Fc interaction. Similar results were
obtained with donor #3 (Supplementary Fig. S6B). We confirmed this
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effect of Fc engagement on EGFR and cMet expression in the MET-
amplified SNUS5 cell line (Fig. 3C). Similar to H1975 cells, presence of
PBMCs enhanced the ability of amivantamab to downregulate EGFR
and cMet signaling, resulting in 79%, 89%, 87%, and 90% reduction in
levels of EGFR, pEGFR, cMet, and pMet proteins, respectively, and no
measurable change was seen with the hulgG1 isotype control or EGFR/
cMet-IgG26 control (Supplementary Fig. S6C).

To determine which immune cells are responsible for Fc-dependent
downmodulation, we compared percentages of key immune cell
populations (NK cells, monocytes, B cells, and T cells) within PBMCs
(Supplementary Fig. S7A) for each donor with the observed differences
in their downmodulation effects. No correlation was observed between
NK, B, or T cells and the ability of the PBMCs to potentiate EGFR
downmodulation (Fig. 3D; Supplementary Fig. S7B). However, a
correlation was observed between relative monocyte population within
the PBMCs and the downmodulation of EGFR (R* = 0.51), pEGFR
(R*=0.55), and cMet (R*> = 0.48) protein levels (Fig. 3E). This finding
suggests that monocytes and their relative level within the PBMC
samples determine the extent of amivantamab-mediated EGFR and
cMet downregulation.

Amivantamab Fc interaction with monocytes induces
trogocytosis and is required for EGFR and cMet
downmodaulation

To confirm direct monocyte involvement in Fc interaction-
mediated signal downregulation, NK cells or monocytes were depleted
from PBMC:s (Fig. 4A) and tested for amivantamab-mediated down-
modulation of EGFR and cMet pathways. Consistent with previous
results, nondepleted PBMCs enhanced amivantamab-mediated down-
regulation of EGFR, pEGFR, and cMet in H1975 cells (Fig. 4B;
densitometry in Supplementary Fig. S8A). Although depletion of NK
cells only had a marginal effect, depletion of monocytes effectively
reversed the ability of PBMCs to potentiate amivantamab-mediated
receptor downmodulation (Fig. 4B). As expected, no effect was seen
with EGFR/cMet-IgG20 treatment confirming that Fc interaction is
required for EGFR/cMet downmodulation. Similar data were obtained
by depleting PBMCs of NK cells and monocytes from a second donor
(Supplementary Figs. S8B-S8D).

To further confirm the role of monocytes, NK cell and monocytes
were isolated from the same PBMC donor (Supplementary Fig. S9A)
and assessed for amivantamab-mediated downregulation of EGFR,
pEGEFR, and cMet proteins (Fig. 4C). Although the control (non-
isolated) PBMC sample enhanced receptor downmodulation, NK cells
alone did not demonstrate a strong effect. However, isolated mono-
cytes substantially enhanced the ability of amivantamab to down-
modulate EGFR, pEGFR, and cMet proteins to a similar extent to that
of PBMC+ amivantamab control (Fig. 4C; densitometry in Supple-
mentary Fig. S9B).

On the basis of this novel finding that monocytes enhance ami-
vantamab-mediated downmodulation of EGFR and cMet proteins, we
assessed if this downmodulation occurs through trogocytosis, an Fc
effector function that mediates transfer of cell-surface proteins from
tumor to effector cells. To visualize amivantamab-induced monocyte
trogocytosis, time-lapse microscopy was performed in H1975 target
cells opsonized with AF647-labeled antibodies (hulgGl isotype con-
trol, amivantamab, or Fc-silent EGFR/cMet-IgG20). Monocytes were
visualized with AF488-labeled CD11b/CD14 antibody cocktail (green)
and Hoechst stain for nuclei (blue) and H1975 target cells were
identified by their NucLight Red+ nuclei (orange). When co-
cultured with opsonized target cells, distinct transfer of labeled ami-
vantamab antibody but not labeled hulgG1 isotype control or EGFR/
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cMet-IgG20 antibodies into monocytes was observed (Fig. 4D; Sup-
plementary Fig. SOC; Supplementary Movie M1), demonstrating that
amivantamab induced monocyte-dependent trogocytosis.

Collectively, these results demonstrate that monocytes mediate
trogocytosis and drive amivantamab-Fc interaction mediated down-
modulation of EGFR and cMet receptors.

Amivantamab Fc interaction with macrophages induces
trogocytosis leading to EGFR and cMet downmodulation

Solid tumors, particularly NSCLC, have been reported to contain a
high level of tumor-associated macrophages (TAM; ref. 24). Hence, we
examined if M1 and M2 macrophages are capable of amivantamab
trogocytosis similar to monocytes using time-lapse microscopy in
H1975 target cells opsonized with AF647-labeled antibodies (hulgG1
isotype control, amivantamab, or EGFR/cMet-IgG2G). Macrophages
were visualized with AF488-labeled CD11b/CD14 antibody cocktail
(green), Hoechst stain for nuclei (blue), and H1975 target cells were
identified by their NucLight Red+ nuclei (orange). Upon co-culture
with target cells opsonized with labeled amivantamab, a distinct
accumulation of AF647+ puncta (amivantamab) was observed within
the M1 (Fig. 5A; Supplementary Movie M2) and M2c macrophages
(Fig. 5B; Supplementary Movie M3), whereas no accumulation was
seen with labeled hulgGl isotype control or EGFR/cMet-IgG20
treatment (Fig. 5A and B; Supplementary Figs. S10A and S10B). No
appreciable phagocytosis was observed visually in the presence of M1
or M2c macrophages in these microscopy assays, indicating that
macrophage-mediated trogocytosis is the predominant mechanism
measured.

To better simulate antibody interactions within the tumor, we
treated a co-culture of M1 or M2c macrophages and H1975 target
cells with AF647-labeled antibodies (hulgG1 isotype control, amivan-
tamab, or EGFR/cMet-IgG20) and monitored trogocytosis by time-
lapse microscopy. As expected, hulgGl isotype control antibody
bound only to M1 and M2c macrophages, whereas EGFR/cMet-I1gG26
bound only to target cells, and amivantamab bound to both target cells
and macrophages (Supplementary Fig. S10C), thus confirming the
binding specificity of each antibody. Under these conditions (co-
culture), amivantamab-mediated trogocytosis was readily observed,
measured by a distinct transfer of labeled amivantamab into macro-
phages, but no trogocytosis was observed with hulgG1 isotype control
or EGFR/cMet-IgG20 antibodies (Supplementary Fig. S10D; Supple-
mentary Movies M4 and M5).

Finally, to examine if macrophage-mediated trogocytosis leads to
receptor downmodulation, monocytes were polarized into M1, M2a,
or M2c macrophages, and their ability to potentiate amivantamab-
mediated EGFR/cMet downmodulation was assessed. Compared with
treatment with amivantamab alone (no macrophages), the presence of
M1 or either subtype of M2 macrophages examined (M2a, M2c),
notably enhanced amivantamab-mediated downregulation of EGFR,
PEGEFR, and cMet proteins levels (Fig. 5C-E; quantitation in Supple-
mentary Fig. S11). HulgGl1 isotype control or EGFR/cMet-IgG26
treatments had no effect, suggesting that the signal downmodulation
required Fc interaction.

Collectively, these results reveal trogocytosis as a novel Fc effector
function for amivantamab in the presence of macrophages, leading to
EGFR/cMet receptor downmodulation.

Fc interaction and macrophages are required for amivantamab
in vivo antitumor efficacy

The role and relevance of Fc/FcyR interactions in vivo was evaluated
using H1975 and SNUS5 cell line xenograft models. Mice harboring
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Monocytes mediated amivantamab Fc interaction induced trogocytosis and EGFR and cMet downmodulation. A, Contour plots from multicolor flow cytometry
analysis showing the composition of NK cells and monocytes within PBMCs (donor #3) upon CD56- and CD14-positive selection, respectively. B, Western blot
analysis (PeggySue capillary electrophoresis) of EGFR, pEGFR, cMet, and actin (loading control) performed on H1975 cell lysates following 48 hours treatment with 10
ug/mL of hulgGT isotype control (Isotype), amivantamab (Ami), or EGFR/cMet-lgG2c (19G20) in the presence or absence of intact PBMCs, NK cell-depleted, or
monocyte (mono)-depleted PBMCs from donor #3. C, Western blot analysis (PeggySue) of EGFR, pEGFR, cMet, and loading control actin performed on H1975 cell
lysates following 48 hours treatment with 10 ug/mL of hulgGlisotype control (Isotype), amivantamab (Ami) or EGFR/cMet-lgG2c (19G26) in the presence or absence
of intact PBMCs, isolated NK cells, and isolated monocytes from donor #3. D, Representative images from high-content confocal microscopy of monocytes labeled
with AF488-CD11b, AF488-CD14, and Hoechst (nuclei) in co-culture (E:T ratio of 5:1) with H1975 NucLight Red cells opsonized with AF647-labeled amivantamab
(Ami) or EGFR/cMet-1gG26 (IgG20) antibodies. White arrows depict trogocytosis events measured by transfer of AF647-labeled antibody from target cells to
monocytes. Yellow arrows point to one such event across time. Scale bar, 20 um.

H1975 or SNU5 tumors were treated with hulgGl isotype control,
amivantamab, or Fc silent EGFR/cMet-IgG20 antibodies for 3 weeks
(Supplementary Figs. S12A and S12D). In the H1975 model, TGI was
superior upon treatment with amivantamab (TGI = 75%; ****, P <
0.0001) compared with that of EGFR/cMet-IgG26 (TGI = 30%;
**, P < 0.0016; Fig. 6A; Supplementary Fig. S12C shows individual
mice). Similar results were observed in the SNU-5 model, where
amivantamab treatment effectively reduced tumor growth (TGI =
96%; ****, P < 0.0001) compared with EGFR/cMet-IgG26 treatment
(TGI = —17%; ns, P = 0.53; Fig. 6B; Supplementary Fig. S12F shows

AACRJournals.org

individual mice). None of the antibody treatments resulted in loss of
mouse body weight in either tumor models (Supplementary Figs. S12B
and S12E).

We previously demonstrated, using an HGF-expressing H1975 xeno-
graft tumor model, that Fc silent EGFR/cMet-IgG26 only showed partial
effect on EGFR/cMet signaling compared with amivantamab, suggesting
a role for Fc-mediated signal downregulation in vivo (12). To extend this
observation to the MET-amplified SNU5 model in vivo, tumors were
collected from the in vivo efficacy study (Fig. 6B) and changes in total and
phospho-EGFR and cMet protein levels were measured. Similar to
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Figure 5.

Amivantamab Fcinteraction induces macrophage-trogocytosis and EGFR and cMet downmodulation. Representative images from high-content confocal microscopy of
M1(A) or M2 (B) macrophages labeled with AF488-CD1lb, AF488-CD14, and Hoechst (nuclei) in co-culture (E:T ratio of 5:1) with H1975 NucLight Red cells opsonized with
AF647-labeled amivantamab or EGFR/cMet-19G2c (19G20) antibodies. White arrows depict trogocytosis events measured by transfer of AF647 labeled antibody from
target cells to macrophages. Yellow arrows point to one such event across time. Scale bar, 20 um. Western blot analysis (PeggySue capillary electrophoresis) of EGFR,
PEGFR, cMet, and actin (loading control) performed on H1975 cell lysates following 48 hours treatment with 10 ug/mL of hulgGlisotype control (Isotype), amivantamab
(Ami), or EGFR/cMet-1gG2c (IgG20) in the presence or absence of M1 macrophages (C), M2a macrophages (D), or M2c macrophages (E).

in vitro results (Fig. 3C), compared with vehicle treatment, amivantamab
treatment showed significant downregulation of EGFR, pEGFR, cMet,
and pMet proteins but EGFR/cMet-IgG26 treatment only had marginal
effects, suggesting that Fc interaction is required for in vivo signal
downmodulation (Fig. 6C; quantification in Fig. 6C and Supplementary
Fig. S13A). Thus, these in vivo studies demonstrate that amivantamab Fc
interaction is essential for its antitumor efficacy and in vivo EGFR/cMet
signal downmodulation.

The role of macrophages in amivantamab in vivo efficacy was next
assessed using anti-CSF1R-mediated depletion of TAMs in the H1975
xenograft study. As expected, treatment with anti-CSF1R antibody

2052 Mol Cancer Ther; 19(10) October 2020

showed significant (***, P < 0.0001) reduction in TAMs (~2%)
compared with untreated tumors (11%-15%; Fig. 6D). Animals were
then treated with hulgGl1 isotype control or amivantamab for 3 weeks
(Supplementary Fig. S13B) with no loss in mouse body weight (Sup-
plementary Fig. S13C). As shown previously, treatment with amivan-
tamab showed significantly higher antitumor efficacy compared
with the isotype (****, P < 0.0001) or EGFR/cMet-IgG2G treatment
(**, P = 0.004) in non-anti-CSF1R treated tumors (Fig. 6E). Strikingly,
depletion of TAMs (anti-CSF1R-treated) significantly reduced amivan-
tamab TGI from 72.8% to 38.5% (*, P = 0.014; Fig. 6E; Supplementary
Fig. S13D shows individual mice), suggesting that macrophages play a

MOLECULAR CANCER THERAPEUTICS

Downloaded from mct.aacrjournals.org on October 19, 2021. © 2020 American Association for Cancer Research.


http://mct.aacrjournals.org/

Published OnlineFirst August 3, 2020; DOI: 10.1158/1535-7163.MCT-20-0071

Amivantamab Induces EGFR/cMet Downmodulation by Trogocytosis

< 2,00 S 2,000 .
= -~ Isotype control E -e- Vehicle PBS
7] . 7] ) nsk -17% TGl
# -m- Amivantamab H -m- Amivantamab
£
E 1,500 - 1gG20 £ 1500] -4 1gG20
®
g 30% TGl £
2 2
S 1,000 S 1,000
] ]
£ 5
° i 500
5 500 75% TGI 2
T o
E F .
8 o 3 96% TG
H 0 T T T u T J
= 5 10 15 20 25 10 15 20 25 30 35
Days post tumor implantation Days post tumor implantation
PBS + + + + - - - - - - - -
Ami - = = - 14+ 4+ o+ - - - - EGFR cMet
IgG2c - - = = - - - - + + + + _ 03 __os8
ST o ST -
EGFR 50 " 29
% % hd » g 0.6
TO 02 A To . A
pEGFR Ng 8¢ {r
[l -1 d A <5 04
cMet g E 0.1 S ‘_E“ o2
c £ FR -
§5 - §5 <
== ==
pMet 0.0 T T T 0.0 T T T
] N ) ° (]
N & N & o
GAPDH X u\wq 0(\4’& \é’ i \(}QQ bé(b@ (Y
N ' AN IRy
& & & &

TAMs
(% F4/80+ cells of single cells)
3 &
P
L]
L]

%,
%
%
i

ADcc

aCSF1R Tx

m
-
2]
=]
S

:

-e~ Isotype control

-8 Amivantamab

-+ IgG20

-o- Isotype Control + aCSF1R
-

Amivantamab + aCSF1R

1,000 4 3’ *f | cMET-binding
" . EGFR-binding
29% %
1 EGFR
38.5% Fleg® FERAGon s
2y (1:: INJ-61186372 ¥ FcReceptor
* L] i+ ADCR
500 1 TUMOR CELL
KILLING

72.8%

Mean tumor volume (mm3+ SEM)

WO

Days post tumor implantation

ccsrirmc g ﬂfp 1

Amivantamab Tx

Figure 6.

Amivantamab-Fc interaction with macrophages are required for in vivo antitumor efficacy. A, Tumor volumes of subcutaneously injected H1975 cell line xenograft
tumors treated with 10 mg/kg hulgGlisotype control (Isotype), amivantamab, or EGFR/cMet-1gG26 (I9G20; n =10 per group) for 3 weeks BIW. %TGI was calculated
at day 24, and P values were calculated using two-way ANOVA (**, P < 0.0021; ****, P < 0.0001). B, Tumor volumes of subcutaneously injected SNU5 cell line
xenograft tumors treated with vehicle (PBS), 5 mg/kg amivantamab (Ami), or EGFR/cMet-1gG26 (19G20; n = 8 per group) for 3 weeks BIW. % TGl was calculated at
day 34, and Pvalues were calculated using two-way ANOVA (****, P<0.0001). C, Western blot analysis of SNU5 xenograft tumors harvested 24 hours after two doses
(treated as described in B) measuring protein levels of EGFR, pEGFR, cMet, pMet, or loading control GAPDH. Densitometry measurements for EGFR and cMet protein
were normalized to loading control GAPDH. P values were calculated using one-way ANOVA (**, P< 0.05; ***, P < 0.005). D, Multicolor flow cytometry analysis of
H1975 tumor samples isolated 24 hours after two doses of 10 mg/kg hulgGlisotype control (Isotype), amivantamab (Ami), or EGFR/cMet-1gG2c (IgG20) treatment (n
= 5 mice/treatment) to assess the percentage of macrophages (CD45" CD1lb* Ly6G~ Ly6C~ F4/80™) within the tumor post-depletion with anti-mouse CSFIR
antibody. E, Tumor volumes of subcutaneously injected H1975 cell line xenograft tumors treated with 10 mg/kg hulgG1 isotype control (Isotype), amivantamab, or
EGFR/cMet-1gG26 (19G20; n = 10 mice per group) for 3 weeks BIW in combination with anti-mouse CSFIR or its isotype control three times weekly to deplete
macrophages. %TGl was calculated on day 21, and P values were calculated using one-way ANOVA (*, P < 0.005). F, Figure illustrating the multiple Fc-dependent
and Fc-independent mechanisms of action contributing to amivantamab antitumor activity. All data represented as mean 4+ SEM within each treatment group.
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key role in mediating amivantamab antitumor efficacy. No significant
difference was observed between vehicle and vehicle+anti-CSF1IR
treatment (P = 0.17).

Collectively, these findings demonstrate that amivantamab-Fc
interaction with macrophages and monocytes induces trogocytosis,
which is a dominant mechanism underlying the antitumor efficacy of
amivantamab.

Discussion

In this study, we demonstrated that in addition to the known Fc-
independent mechanisms (inhibition of ligand binding and ligand
driven signaling; refs. 9, 12), the EGFR/cMet bispecific antibody,
amivantamab, exerts antitumor efficacy through multiple Fec-
dependent mechanisms (Fig. 6F). These mechanisms are initiated
through interaction of the Fc domain of the antibody with Fcy
receptors present on immune cells. Binding and activation of Fcy
receptors on NK cells led to ADCC, while binding and activation of Fcy
receptors on monocytes and macrophages led to cytokine production
and trogocytosis. Trogocytosis caused downmodulation of EGFR and
cMet receptors and their downstream signaling, which is required for
proliferation of these cancer cells.

Although we demonstrated in vitro ADCC lysis with amivantamab,
we believe that this effect is minimal compared with that exerted by
monocytes and macrophages. ADCC lysis is a rapid mechanism
occurring at early timepoints (~2 to 4 hours; ref. 25), whereas 48 hours
and more were required to reach the maximal amivantamab in vitro
antiproliferative effect in presence of PBMCs (Supplementary
Fig. S1C). These suggest that the short-term ADCC is not sufficiently
contributing to the overall long-term activity of amivantamab and that
other effector functions (such as trogocytosis) contribute to additional
cytotoxic activity over time. Although we did not observe CDC activity
in the cell lines evaluated, NSCLC cell lines are known to express
complement inhibitory proteins, CD46, CD55, and CD59 (26), sug-
gesting that amivantamab might trigger CDC activity in other cell lines
or tumor types not expressing these complement inhibitory proteins.
Finally, we reported previously that amivantamab induces ADCP
in vitro (9), however under the conditions tested in this study (confocal
microscopy-based macrophage trogocytosis assay), minimal to no
ADCP was observed. Collectively, as depicted in Fig. 6F, our data
suggest that amivantamab antitumoral activity occurs through mul-
tiple Fc-independent and Fc-dependent mediated mechanisms of
action linked to EGFR and cMet binding on cancer cells. Fc-
dependent amivantamab mechanism of action comprises NK-
dependent ADCC as well as monocyte- and macrophage-dependent
trogocytosis and cytokine release. Because the content and diversity of
immune cells within the tumor microenvironment (TME) varies
among patients, this may influence the response to amivantamab
treatment.

We showed that most cytokines upregulated by amivantamab
belong to the family of chemotactic cytokines called chemokines,
specifically CC chemokines (21, 23). CC chemokines comprises of
two key subfamilies, monocyte chemoattract protein (MCP) and
MIP, which are both known to function as chemo-attractants for
innate immune cells such as monocytes and macrophages (22, 27).
MCP-1 (CCL2) and MIP1B (CCL4) have been reported to induce
recruitment of monocytes and macrophages into the TME of
NSCLC (22, 28). Although these cytokines could attract immune
cells to the TME, their production requires an initial tumor cell-
immune cell contact mediated by amivantamab. So, we hypothesize
that trogocytosis is the initial and dominant mechanism of ami-
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vantamab leading to downmodulation of EGFR and cMet, and
potentially fueling additional recruitment of monocytes or macro-
phages by cytokine production.

In contrast to most other therapeutic antibodies in the clinic,
amivantamab was designed and engineered with a low fucose back-
bone, which enhances its binding to FcyRIIIa (12), present on NK cells,
monocytes, and macrophages. This increased binding to FcyRIIIa
enhanced induction of Fc effector functions in comparison to other
(normal fucose) hulgG1 antibodies such as cetuximab and trastuzu-
mab, and could also enable amivantamab to out-compete naturally
circulating IgG antibodies for FcyR binding, as shown preclinically
with other enhanced Fcantibodies (29, 30). Given the predominance of
EGFR-driven NSCLC tumors, it is confounding that cetuximab did not
meet clinical endpoints in NSCLC (31). We hypothesize that this could
result from several factors that amivantamab can overcome. Pri-
marily, cetuximab only targets EGFR and it is known that cancer
cells can quickly adapt to therapy by activating alternate pathways,
the most common of which is cMet (32). In addition, the bivalent
nature of the high-affinity EGFR arm in cetuximab results in on-
target off tumor toxicity in the clinic (31). Studies have shown that
bispecificity of an antibody can increase tumor selectivity via
simultaneous targeting of two cancer antigens and varying antigen
affinity can drive selectivity towards cells expressing both antigens
compared with single antigen expressing normal cells (33-35).
Thus, we hypothesize that the presence of the high-affinity cMet
targeting arm (K4 = 40 pmol/L), low-affinity EGFR targeting arm
(Kg = 1.4 nmol/L) combined with the high-affinity FcyRIIla
binding (low fucose) Fc portion could account for the improved
selectivity (36) and efficacy, and lowered toxicity of amivantamab in
comparison with cetuximab.

Previously, trogocytosis was described as a mechanism of resistance
for antibodies such as rituximab (16, 37). In this context, the receptor is
stripped from the cell surface by monocytes/macrophages, preventing
occurrence of NK cell-mediated functions towards the no-longer
available targeting receptor. However, in this study, we demonstrated
a novel role for trogocytosis (ADCT) as a crucial inducer of Fc-
dependent receptor downmodulation and antitumor effects. We
hypothesize that the dichotomy of trogocytosis’ role (mediator of
resistance vs. antitumor effects) might be driven by the dependency of
the tumor cells on the trogocytosis-targeted receptor. Although anti-
tumor effects via trogocytosis have been suggested for cetuximab and
trastuzumab (30, 38), our work confirmed such a mechanism of action
for amivantamab and presents comprehensive data with primary
immune cells (monocytes, M1 and M2 macrophages), demonstrating
the induction of trogocytosis leading to the downmodulation of the
target receptors, EGFR and cMet. It is interesting to note that
trogocytosis was observed for both M1 and M2 macrophage popula-
tions, suggesting this mechanism may also be operative in more
immunosuppressive TMEs.

Therapeutic targeting of EGFR and cMet with an antibody such
as amivantamab with multiple and enhanced Fc mechanism(s) of
action can provide future options to combat diverse types of cancer-
driving mutations and drug-acquired resistance for patients. In
addition to targeting a conserved region of an oncogenic receptor,
which broadens the targeted population, the selectivity of bispecific
antibodies like amivantamab, could offer a reduced potential for
toxicity, making combination therapy with additional agents better
tolerated. Our findings demonstrate that the Fc-dependent activity
of amivantamab is driven by macrophage- and monocyte-mediated
trogocytosis, a dominant mechanism of antibody-directed receptor
downregulation and tumor cell killing. These findings highlight the
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potential of trogocytosis as therapeutic modality but also provide
insights to guide patient selection and combination strategies for
amivantamab.
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