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Abstract

Monotherapy with anti-programmed cell death protein 1 (PD-1) monoclonal antibody has been approved for the treat-
ment of advanced non-small cell lung cancer with positive programmed cell death-ligand 1 (PD-L1) expression and onco-
gene wild type, which revealed survival benefit compared with chemotherapy. Nevertheless, certain patients develop
rapid progression on anti-PD-1 inhibitor monotherapy. This novel pattern is called hyperprogressive disease (HPD), and
the underlying mechanism and molecular characteristics still leaves not clear. Here, we reported two heavily pretreated
advanced lung adenocarcinoma cases with HER2 exon 20 insertion who presented HPD after two cycles of anti-PD-1
inhibitor sintilimab monotherapy, and they both carried co-alterations in the PI3K/AKT/mTOR and cell cycle signaling
pathway. We speculated that HER2 exon 20 insertion might be viewed as a potential biomarker to avoid single-agent
immunotherapy in certain patients with driver mutations, or timely guide proper treatment strategies.
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Abbreviations

cT Computed tomography

EGFR  Epidermal growth factor receptor

HER2  Human epidermal growth factor receptor 2
HPD Hyperprogressive disease

ICI Immune checkpoint inhibitor
IL-TOR  IL-10 receptor

IRF3 Interferon regulatory factor 3
NGS Next-generation sequencing

NSCLC Non-small cell lung cancer
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oS Overall survival

PD-1 Programmed cell death protein 1
PD-L1  Programmed cell death-ligand 1
PFS Progression-free survival

PR Partial response

SD Stable disease

STING  Stimulator of interferon genes
TA Tumor antigen

TBK1 TANK-binding kinase 1

T-DXd  Fam-trastuzumab deruxtecan-nxki
TGR Tumor growth rate

TMB Tumor mutational burden

TTF Time to treatment failure

WES Whole-exome sequencing

1 Introduction

As the most lethal malignant disease, non-small cell lung cancer (NSCLC) accounts for more than 80% of lung cancer [1,
2]. The current treatment options for patients with advanced NSCLC include chemotherapy, targeted therapy, immu-
notherapy, and antiangiogenic therapy. With the in-depth research on the tumor immune microenvironment, immu-
notherapy has become a hot spot in the treatment of NSCLC. In recent years, immunotherapy has been the standard
care for treating wild-type advanced NSCLC. However, several studies have reported rapid tumor progression in some
patients after utilizing immune checkpoint inhibitor (ICl) [3-5]. These studies uncovered that disease progression within
a short period afterimmunotherapy initiation was a contradictory phenomenon to the expected curative effect of ICI.

Anti-programmed cell death protein 1 (PD-1) inhibitors block the binding of PD-1 to its ligand PD-L1 and restore the
activity of effector T cells, thereby reducing the chance of immune escape, which PD-L1 antibody has an anti-tumor
effect and tolerance and has revolutionized the therapeutic paradigms for advanced NSCLC and been widely used in
clinical practice [6, 7]. However, the safety of anti-PD-1 therapy requires urgent attention because hyperprogressive
disease (HPD) might occur in specific populations of patients, which results in rapid disease progression within a short
period after ICl initiation. According to the clinical and radiological definition, HPD was defined as progressive disease
at the first evaluation in addition to an increase of at least twofold in the tumor growth rate (TGR) during PD-1/PD-L1
inhibitor therapy compared with the TGR before PD-1/PD-L1 immunotherapy, with a more than 50% increase in tumor
burden at the time of the first evaluation from treatment initiation, doubling of pace progression, and time to treatment
failure (TTF) for less than 2 months [3, 8, 9]. Since HPD is closely associated with poor prognosis, there is an urgency to
determine the possible predictors and mechanisms [8, 91.

Human epidermal growth factor receptor 2 (HER2, or ERBB2) is identified as an oncogenic driver, promoting oncogen-
esis and participates in the acquired drug resistance in NSCLC [10, 11]. There are similar HER2 alterations in many other
tumors, including breast and gastric cancers, associated with poor prognosis and inferior overall survival (OS) [12-14].
However, increasing evidence has revealed that HER2-altered NSCLC patients appeared to be insensitive and intrinsically
resistant to ICI [15-17]. Furthermore, no evidence of HPD induced by immunotherapy was observed in HER2-mutant
NSCLC. Herein, we present two cases of advanced NSCLC with HER2 exon 20 insertion that occurred HPD after anti-PD-1
monotherapy.

2 Case presentation

2.1 Casel

A 59-year-old Chinese man has examined with stage IVB (AJCC/TNM 8th Staging System, c.T2aNOM1c¢) disease of
lung cancer with concomitant vertebral metastases due to gradual chest pain and aggravated cough on April 7,

2018. He then performed palliative middle lobe wedge resection of the right lung, and the pathology revealed
poorly differentiated lung adenocarcinoma (Fig. 1A) with a maximum diameter of 3.0 cm and invasion of the visceral
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pleura. Next-generation sequencing (NGS) via tumor tissue identified HER2 exon 20 insertion (p.A775_G776in-
sYVMA, Fig. 1B), co-existing amplification of HER2, FGF3, FGF4, FGF19, CDK12, CCND1, and mTOR splice mutation,
with PD-L1 expression of 20% (Dako 22C3 pharmDx) and low tumor mutational burden (TMB) of 4.0 Muts/Mb,
and 22 driver genes were mutated (Supplementary Table 1). He received pemetrexed/platinum chemotherapy
combined with anti-HER2 antibody trastuzumab as first-line therapy from May 30, 2018 to January 21, 2019, owing
to new lesions of inguinal lymph node metastases, with the best response of stable disease (SD) and progression-
free survival (PFS) of 7.9 months. Afterwards, he participated in a single-arm clinical trial (Registration number:
ChiCTR1900021684), which was evaluating the activity of HER2-targeted inhibitor pyrotinib with angiogenesis
inhibitor apatinib for HER2 amplification or mutations. Then, pyrotinib (400 mg once daily) and apatinib (250 mg
once daily) was performed between February 6, 2019 and September 20, 2019, showing the best response of SD
and PFS of 7.5 months. Afterwards, he developed pleural and multiple lung metastases after second-line targeted
therapy, and the computed tomography (CT) scan on December 3, 2019 demonstrated increased lung metastases
but no pleural effusion. The biggest left lung metastasis was 0.6 cm (Fig. 2A, B). Then, he was recruited in another
clinical trial (Registration number: ChiCTR1900023074), aiming to assess the activity of PD-1 inhibitor sintilimab for
EGFR and HER2 exon 20 insertions. Then, third-line monotherapy of sintilimab (200 mg per 3 weeks) was performed
on December 12, 2019. Unfortunately, after two treatment cycles of immunotherapy, the CT scan on January 23,
2020 revealed HPD (Fig. 2C, D). The amount of lung metastases kept increased, and the target lesion at left lung
achieved a diameter of 1.8 cm. In addition, massive pleural effusion at the right lung appeared, and the pleural
thickening was more obvious than before. He got HPD only after two treatment cycles of immunotherapy with a
short PFS of 1.4 months, with rapidly deteriorating physical condition. The tumor markers during the treatment of
PD-1 inhibitor sintilimab was depicted in Fig. 3A. This patient administered poziotinib (16 mg once daily) as fourth-
line therapy, but his disease kept progressing, and he eventually died on April 18, 2020, with OS of 24.7 months.

2.2 Case2

A 45-year-old Chinese woman was identified with a lung tumor measured of 6.1 X 5.2 cm in the right upper lobe,
with confirmed pleural metastasis by pleural effusion cytology on November 12, 2018, revealing a stage IVA disease
(AJCC/TNM 8th Staging System, c.T3NOM1a). The biopsy revealed lung adenocarcinoma (Fig. 4A) and detection of
HER2 exon 20 insertion (p.P780_Y781insGSP, Fig. 4B), amplification of AKT1, CCND3, VEGFA, MYC, and TP53 splice
mutation, with PD-L1 expression of 1% (Dako 22C3 pharmDx) and TMB of 2.4 Muts/Mb, and 41 driver genes were
mutated (Supplementary Table 1). She received first-line chemotherapy (pemetrexed/carboplatin) plus bevacizumab
for 6 treatment cycles, showing a partial response (PR) and PFS of 4.4 months. When her disease progressed with
elevated blood tumor markers, she received second-line afatinib (30 mg once daily), but blood tumor markers still
kept increasing, though the tumor size was stable after one month. Owing to the unfavorable efficacy, she self-
administered poziotinib (16 mg once daily) plus angiogenesis inhibitor anlotinib (8 mg once daily for two weeks
and stopped for one week) in the third-line setting and observed tumor shrinkage and reduction of blood tumor
markers, with the best response of SD and PFS of 5.0 months. On November 13, 2019, her disease progressed with
enlarged lesion at the right lung measured 2.4 cm (Fig. 5A, B). Subsequently, she joined the clinical trial (Registra-
tion number: ChiCTR1900023074) of PD-1 inhibitor sintilimab for EGFR and HER2 exon 20 insertions, and received
fourth-line sintilimab (200 mg per 3 weeks) monotherapy from November 29, 2019 to December 20, 2019. As well,
after two treatment cycles of immunotherapy, the CT scan on January 7, 2020 demonstrated her disease devel-
oped HPD (Fig. 5C, D). The target lesion at the right lung achieved a diameter of 5.9 cm, with more obvious pleural
thickening and increased massive right pleural effusion. She got HPD only after two treatment cycles of immuno-
therapy with a short PFS of 1.3 months. The tumor markers during the treatment of PD-1 inhibitor sintilimab was
depicted in Fig. 3B. She then received fifth-line pyrotinib plus apatinib, achieving the best response of SD and PFS
of 10.1 months. However, due to emerging liver metastasis and de novo drug resistance to dacomitinib within one
month, she accepted fam-trastuzumab deruxtecan-nxki (T-DXd, DS8201), and achieved PR with PFS of 7.2 months.
Then, she was treated with mobocertinib (160 mg once daily) when her disease relapsed on T-DXd, and achieved SD
with PFS of 6.8 months. Eventually, her disease progressed and she died on May 13, 2022, with OS of 42.6 months.
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Fig. 1 Optical image of lung adenocarcinoma (Case 1) in Hematoxylin and Eosin staining with 200 x magnification ratio in paraffin-embed-
ded tissue after palliative resection of right lung (A). The integrative genomics viewer of HER2 exon 20 insertion p.A775_G776insYVMA
detected by the next-generation sequencing (B)
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Fig.2 The relapsed disease after targeted therapy with pleural and lung metastases (A, B). Hyperprogressive disease after two treatment
cycles of PD-1 inhibitor sintilimab monotherapy (C, D)
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Fig. 3 The tumor markers during the monotherapy of PD-1 inhibitor sintilimab in these two cases (A, B)

3 Discussion

ICl has been considered a breakthrough in NSCLC, which innovated the systemic therapy for the advanced disease.
Compared with conventional chemotherapy, patients treated with ICl have better survival benefits and unprec-
edented cure rates [18]. Nevertheless, with the widespread use of ICI, tumor progression has an unexpected accelera-
tion rate and volume in a subset of patients. Chubachi et al. provided the first clue to the existence of HPD when they
described the NSCLC case characterized by accelerated tumor growth during anti-PD-1 immunotherapy and named
this phenomenon "disease flare" [4]. Champion et al. were the first to describe and clearly define this new type of
tumor response called HPD [3]. It is worth noting that HPD represents a different progression model that does not
overlap with traditional progressive disease.
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Fig.4 Optical image of lung adenocarcinoma (Case 2) in Hematoxylin and Eosin staining with 200 x magnification (A). The integrative
genomics viewer of HER2 exon 20 insertion p.P780_Y781insGSP detected by the next-generation sequencing (B)
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Fig. 5 The relapsed disease before PD-1 inhibitor sintilimab monotherapy with pleural and lung metastases (A, B). Hyperprogressive dis-
ease after two treatment cycles of PD-1 inhibitor sintilimab monotherapy (C, D)

PD-1 is a transmembrane immune checkpoint receptor that expresses in activated T cells, B cells, natural killer cells,
and some myeloid cells, which restricts the function of T cell effectors in tissues by binding to PD-L1 expressed on the
surface of tumor cells [19]. Tumor cells overexpress PD-L1, which further blocks the anti-tumor immune response. PD-1
inhibitors could effectively block the binding of PD-1 and enhance the killing effect of immune cells on tumors. Anti-PD-1
therapy increases endogenous anti-tumor immune responses and promotes the OS, confirmed in multiple cancers, such
as melanoma, lung cancer, and renal cell carcinoma [20-22]. Anti-PD-1 therapy tended to recover the immune effect of T
cells against tumor cells [23]. It is worth that blocking PD-1 might induce the compensatory mechanism that controls the
immunity of anti-tumor T cells, which might give rise to the disadvantages of anti-PD-1 therapy in T cell activation and
inducing an immunosuppressive environment dedicated to the development of HPD [24-26]. For instance, RY Huang
et al. reported that multiple immune inhibitory receptors expressed by tumor-associated lymphocytes and blocked one
of these receptors leads to upregulation of other receptors that invalidate the effectiveness of ICls therapy in ovarian
cancer [24]. Another study showed the IL-10 receptor (IL-10R) level up-regulated in PD-1 high tumor antigen (TA)-specific
CD8* T cells, and the expression of IL-10R was enhanced by PD-1/ PD-L1 axis blockade [27]. Anti-PD-1 therapy might
magnify the TA-specific CD8" T cells sensitivity to IL-10 immunosuppression.

The duty of Treg cells is a part of immune regulation, which plays the role of maintaining self-immunity tolerance.
Treg cells might be a potential adverse factor for cancer patients due to impeding the effective anti-tumor immune
response of the patients, thereby promoting tumorigenesis and progression [28]. Zhang et al. found that Treg cells that
lack PD-1 confermore powerful immunosuppressive activity than that with intact PD-1 expression. For efficacious pro-
tection against autoimmune diseases, Treg cells and PD-1 mutually influence to maintain immune tolerance [29]. It is
noteworthy that some tumor-infiltrating Treg cells express not only PD-1 but also PD-L1, thus increasing the possibility of
PD-1/PD-L1 signal interaction, thereby finely regulating the homeostasis of the immune microenvironment of the tumor
tissues [30, 31]. These data implicate that Treg cells possibly participate in the mechanism of HPD after anti-PD-1 therapy.

HPD occurred following ICI administration, and this unexpected acceleration of disease may reflect the immune
response to ICl but is not associated with other clinical characteristics [32]. However, considering the unpredictable
characteristics and rapid development, both the unanticipated immune system response and intrinsic features of can-
cer cells might facilitate the occurrence of HPD after ICl administration. In recent years, researchers have paid attention
to whether particular tumor genomic alterations are related to HPD. Kato et al. analyzed the gene spectrum of 155
advanced cancer patients who received ICl and revealed the amplification of MDM2/4 might associate with the occur-
rence of HPD [9]. In addition, they found that 6 of 155 patients had MDM2/MDM4 amplification, and 4 of 6 patients were
present with significant tumor growth and poor clinical outcome after PD-1/PD-L1 inhibitor immunotherapy, indicating
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MDM?2/4 might be a potential HPD inductor, and 2 out of 10 patients with epidermal growth factor receptor (EGFR) aber-
rations who identified as HPD in this cohort [9]. EGFR is a member of the human epidermal receptor family that involves
multiple signaling pathways to regulate the internal homeostasis of cells. Notably, aberrant EGFR enhances the secre-
tion of metabolites with immunosuppressive properties and triggers immune escape through different mechanisms. It
speculates that EGFR possibly connects with HPD, but more studies are still needed to certify this potential mechanism.
Additionally, other genomic alterations, such as BRCA2, KRAS, and STK11, possibly linked with HPD, but mechanisms are
still the enigma [33-36]. In this report, whole-exome sequencing (WES) is performed to detect the variations in patients.
Notably, gene mutations as aforesaid were unfound in these two cases. However, both patients harbored HER2 exon 20
insertion, mutations in the PI3K/AKT, and cell cycle signaling pathways.

HER2 is the second most important member of the ErbB family. In this family, EGFR was well known for oncogenesis
regulation. Unlike EGFR, HER2 is rarely considered to be responsible for HPD occurrence in the current ICl therapies. Previ-
ous studies revealed the immunosuppressive ability of HER2 [37, 38]. IL-8 could recruit neutrophils to infiltrate into the
tumor microenvironment, which diminishes the effectiveness of PD-1/PD-L1 inhibitors in several types of cancer [39].
HER?2 aberration enhances IL-8 secretion in the tumor microenvironment by activating PI3K/AKT/mTOR pathway [40]. Her-
rmann F et al. reported that HER2 expression is negatively correlated with MHC-l expression and other components of the
antigen processing mechanism [41]. Repression of the level of HER2 enhances the expression of MHC-l and regulates the
interaction between PD-1 and PD-L1 [42, 43]. This report presents two NSCLC cases occurring HPD who carried HER2 exon
20 insertion and underwent ICls monotherapy. Our two cases and a previous POLISH study revealed that upregulation of
PI3K/AKT signaling was commonly observed in HER2-mutant or amplified NSCLC, which also had been reported in other
HER2-positive solid tumors [17, 44-46]. It has been observed that HER2 could abolish phosphorylation of TANK-binding
kinase 1 (TBK1) and attenuate stimulator of interferon genes (STING) signaling, thus suppressing immune response of
type | and Il interferon [47, 48]. Our POLISH study observed that ICls plus chemotherapy combination failed to obtain
a better survival benefit than sole chemotherapy for HER2-altered NSCLC due to activation of PI3K/AKT signaling might
mediate immunosuppression in HER2-altered NSCLC. Significantly, AKTT recruitment could impair TBKT phosphorylation
and suppress interferon regulatory factor 3 (/IRF3), thus disrupting the STING signaling for antitumor immune response
[17]. Therefore, there possibly existed a tight causality between HER2 exon 20 insertion and HPD, but more investigation
is required for this potential role.

Finally, there were several limitations to our study. Although a rapidly increased pace of progression was observed
in these two cases within two months after PD-1 inhibitor monotherapy, the main drawback in correlating the results
with the mutational profile might be the high tumor burden before ICl treatment or the low expression of the PD-L1.
In addition, more cases of HER2 exon 20 insertion receiving PD-1/PD-L1 immunotherapy would be required to have an
absolutely unbiased conclusion.

In conclusion, the present report describes two cases of NSCLC with HER2 exon 20 insertion developing HPD after
sintilimab monotherapy administration. The molecular mechanism of HPD is still unclear, but genomic analysis may
help clarify it. To lessen the untoward reaction of ICl, developing biomarkers for HPD prediction to further improve the
efficiency and safety of immunotherapy in tumor treatment is necessary.
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