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COMMENTARY

Targeting HER2 beyond breast cancer
Sanchita Bhatnagar a and Jogender Tushir-Singhb

aDepartment of Biochemistry and Molecular Genetics, University of Virginia Cancer Center, Charlottesville, VA, USA; bLaboratory of Novel Biologics,
Department of Biochemistry and Molecular Genetics, University of Virginia Cancer Center, Charlottesville, VA, USA

ABSTRACT
The structural basis of blocking human epidermal growth factor receptor-2 (HER2) dimerization remains
of great interest to generate effective anti-cancer therapies. Despite clinically feasible outcome in
mammary tumors, a fine consensus between efficacy and safety remains a critical challenge beyond
breast cancer. Here we extrapolate on the balancing act using recently reported clinical findings in
salivary ductal carcinomas.
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Salivary ductal carcinomas (SDCs) are rare but highly aggres-
sive salivary gland cancers with limited treatment options of
surgery and radiotherapy. Between 30% and 40% of SDC
patients have been found positive for human epidermal
growth factor receptor-2 (HER2).1 In addition, ~32% of
SDC patients have gain of function mutations or alternations
in the HER2 gene, making it an attractive target for
immunotherapy.1

Since last two decades, HER2 has been of great significance
for various epithelial cancers that include breast, ovarian
pancreatic and colon. Similar to other members of epidermal
growth factor receptor (EGFR) family, HER2 activation is
highly dependent upon its dimerization and autophosphory-
lation and United States Federal Drug Administration
(USFDA) has approved various HER2 specific monoclonal
antibodies (such as trastuzumab and pertuzumab) as a single
agent or in combination of chemotherapy against breast can-
cers. In addition, trastuzumab emtansine, an antibody-drug
conjugate (ADC) is highly effective against late-stage aggres-
sive breast cancers. Primarily, various investigational clinical
anti-HER2 antibodies selectively block HER2 dimerization
and downstream oncogenic signaling in breast and other
cancers of epithelial origin.

A recent phase-II single-arm and single-center clinical trial
study positively reported simultaneous dosing of trastuzumab
(humanized anti-HER2 antibody) and docetaxel (a che-
motherapy drug) as an effective treatment strategy for
HER2+ SDC patients.1 Out of registered 57 patients (HER2
expression being the major inclusion criteria), 40 patients
showed either partial or complete remission, 14 of them had
stable disease, while only three showed progressive cancer.1

Given the extremely poor prognosis of SDCs, a highly
encouraging median progression-free survival (PFS) of
8.9 months (90% confidence interval, CI) was reported.

Despite the small clinical trial size (sample) and study
being non-randomized, the described results of combinatorial
systemic therapies are highly promising for thousands HER2+

SDC worldwide lacking effective and long-term treatment
options worldwide. However, in terms of safety, 91% treated
patients were presented with anemia and ~88% patients
experienced significantly decreased white blood cells (WBC)
count.1 Although no death occurred due to the treatment, the
reported grade-4 level toxicities (neutropenia in particular)
were observed in ~60% of the patients. Strikingly, the reported
adverse effects and toxicities in SDC trial1 were worse in
Asian population than similar trials of trastuzumab and doc-
etaxel in Europe2 or United States3 against breast cancer
patients.

In addition to primary downregulation of oncogenic HER2
signaling, the secondary anti-tumor function of trastuzumab
has been partially attributed to antibody-dependent cellular
cytotoxicity (ADCC) and antibody-dependent cellular phago-
cytosis (ADCP) of tumor cells.4 Both ADCC and ADCP
require selective engagement of antibody fragment crystalliz-
able region (Fc) binding to selective receptors called cluster of
differentiation 16 (CD16, also known as FcRγIII) on immune
effector cells. Considering the differential and reduced toxicity
in Caucasian population as compared to Asian population,2,3

and published reports of FcR receptor polymorphism being
the major susceptibility gene for lupus and other immunolo-
gical disorders in the Asian population,5 would differential
engineering of clinical antibodies with variable affinity against
FcR’s expressed in Asian population (as compared to
Caucasian) has potential to limit the described adverse effects.
Specifically, could differentially engagement of CD16 receptor
isoforms (FcRγIIIa, FcRγIIIb) on neutrophils by trastuzumab
due to genetic polymorphism and heterogeneity in Asian SDC
patients would have resulted in neutropenia and reported

CONTACT Jogender Tushir-Singh jogi@virginia.edu Laboratory of Novel Biologics, Department of Biochemistry and Molecular Genetics, University of
Virginia Cancer Center, Jordan Hall, Room 6047A, 1340 Jefferson Park Ave, Charlottesville, VA 22908, USA; Sanchita Bhatnagar SB5FK@virginia.edu

Department of Biochemistry and Molecular Genetics, University of Virginia Cancer Center, Jordan Hall, Room 6047A, 1340 Jefferson Park Ave, Charlottesville, VA
22908, USA

MOLECULAR & CELLULAR ONCOLOGY
2019, VOL. 6, NO. 3, e1571984 (3 pages)
https://doi.org/10.1080/23723556.2019.1571984

© 2019 Taylor & Francis Group, LLC

http://orcid.org/0000-0002-3588-7874
https://crossmark.crossref.org/dialog/?doi=10.1080/23723556.2019.1571984&domain=pdf&date_stamp=2019-04-19


toxicities as compared to Caucasian breast cancer patients, it
is an absolute possibility.6

The amino acid sequence of clinical trastuzumab immu-
noglobulin G1 Fc (IgG1-Fc) contains lysine (L) 234-lysine (L)
235 (LL or wild-type) and asparagine (N) 297, proline (P) 329
in hinge and CH2 domains, respectively (http://www.imgt.
org/3Dstructure-DB/cgi/details.cgi?pdbcode=7637). LL and
N297 residues are critical to engage FcRγIII (CD16) receptors
(Figure 1) and components of complement to activate both
ADCC and complement-mediated cytotoxicity (CDC).7

Although involvement of CDC remains to be established as
a working mechanism of trastuzumab, ADCC and ADCP are
known to play cytotoxic role in vitro and in vivo in breast
cancer model studies.4

Recent studies using both mouse and human models have
demonstrated that L234A-L235A, N297G, and P329 (LALA-
PG) Fc-mutant IgG1 antibodies retain improved expression,
stability in monospecific and bispecific formats, similar to
wild-type antibodies7,8 (Figure 1). Importantly, LALA-PG
mutant antibodies have significantly reduced binding to var-
ious complement components (C1q, C3) and various Fc
receptors isoforms (FcRγI, FcRγII, FcRγIII and FcRγIV) on
immune cells.7 As neutrophils FcR’s might be involved in
engaging trastuzumab-Fc to produce secondary autoimmune

neutropenia (AIN), it is rationally anticipated that LALA-PG
mutant version of trastuzumab will limit the unnecessary
engagement neutrophils (Figure 1). Nonetheless, the clinical
trials (LALA-PG vs LL-NG trastuzumab) will define the fine
balance between efficacy and safety (limited or no neutrope-
nia) against Asian SDC patients.

Moreover, an important “trastuzumab only” treated patient
group was not included in the clinical trial. Although taxane
derivatives in chemotherapies are known to stimulate
immune system, with non-inclusion of “trastuzumab only”
patient group, it is difficult to attribute reported toxicities
only to chemotherapy (docetaxel).9 On the similar lines,
would a discriminating presence of Akkermansia muciniphila
or a distant gram-negative gut bacterial stain in Asian patients
(but not in Caucasian patients) account for adverse effects of
grade-4 neutropenia, is also a potential possibility.10 The
importance of gut microbiota and fluctuating immune
response by clinical antibodies that engage and activate
immune effector cells has been strongly supported using
murine animal models and cancer patients.10

Nonetheless, considering the highly positive efficacy of the
combinatorial therapy,1 it is also worth testing in a randomized
and larger patients size clinical trial if addition of recombinant
granulocyte colony-stimulating factor (G-CSF), which is

Figure 1. Improving the safety of trastuzumab and docetaxel combinations by limiting Fc-effector functions. (a) Schematic of clinical trastuzumab fragment
crystallizable (Fc) region. Hinge domain of trastuzumab Fc has lysine (L) residues at positions 234, 235 and CH2 domain of Fc contains glycosylation site (asparagine:
N) at 297 and proline (P) at 329 positions, respectively. This configuration is named as trastuzumab (LL-PN). (b) In addition to antibody directed cell cytotoxicity
(ADCC) activating cluster of differentiation 16a (CD16a, also known as FcRγIIIa) receptor on natural killer (NK) cells, LL-PN Fc residues of trastuzumab have potential to
engage high affinity CD16b isoform (FcγRIIIb) receptor on neutrophils (in Asian population) resulting in secondary and nonspecific engagement and toxicity to
neutrophils. (c) Schematic of modified trastuzumab fragment crystallizable region (Fc) region. Hinge domain of Fc has 234 and 235 lysine’s (L) replaced with alanine
(A) residues and CH2 domain of Fc contains asparagine (N) mutated to glycine (G). Proline (P) at position 329 remains unchanged. This configuration is named as
trastuzumab (LALA-PG). (d) LALA-PG mutations in trastuzumab Fc will limit its ability to effectively engage FcRγIIIa and potentially FcRγIIIb receptors on neutrophils
in Asian population.
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known to reverse neutropenia, will reduce grade-3 and grade-4
toxicities in SDC patents. Finally, if the described toxicities are
mainly due to docetaxel, trastuzumab-emtansine ADC is an
alternate option for future clinical trials either as a single agent
or in combination of reduced docetaxel dose (30mg/m2 instead
of 70 mg/m2) against in HER2+ SDC patients.
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