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ABSTRACT

Immune checkpoint inhibitors have demonstrated promising efficacy and tolerable safety for advanced
malignancies. However, a proportion of patients who had received immunotherapy may experience
hyperprogressive disease and a resultant poor prognosis. Here, we report a patient with advanced
esophageal squamous carcinoma who developed hyperprogressive disease shortly after immunotherapy.
This patient received nivolumab after multiple lines of treatment, including chemotherapy, radiotherapy,
and antiangiogenic therapy. Through the comprehensive analysis of NGS results, we concluded that the
PI3K/AKT signaling pathway might be associated with hyperprogressive disease after immunotherapy.
Additionally, potential mechanisms underlying hyperprogressive disease after immunotherapy reported

in other malignant tumors were also summarized.

Background

Immune checkpoint inhibitors (ICIs) targeting programmed
death 1 (PD1) or programmed death ligand 1 (PD-L1) have
become a standard therapy in the clinic and have displayed
promising efficacy and acceptable safety among patients with
advanced malignancies.'”* Unfortunately, not all patients trea-
ted with ICIs respond to the treatment, while only 20-30% of
patients could benefit from ICIs.” In particular, a proportion
of patients might develop hyperprogressive disease (HPD) with
accelerated tumor growth after immunotherapy. There are still
no consistent definitions of HPD. Champiat et al.® defined
HPD as a progressive disease (PD) status at the first evaluation
of cancer immunotherapy or a 2-fold or higher increase in the
tumor growth rate (TGR). Kato et al.” defined HPD by a short
time to treatment failure (T'TF) which is less than 2 months or
a more than 50% increase in tumor size. According to the latest
reports, HPD rates have been reported in some types of cancers
to range from 7% to 29%. HPD is associated with a poor
prognosis and, in particular, the overall survival (OS) duration
among older patients.”® Although multiple molecules or
mutated genomic signatures have been proven to be associated
with HPD, no conclusive review has been performed to eluci-
date HPD. Here, we report a case of advanced esophageal
squamous carcinoma in a patient who developed HPD after
nivolumab treatment and summarize the possible mechanisms
and factors underlying HPD.

Case report

A 52-year-old Asian male was diagnosed as locally advanced
esophageal squamous cell carcinoma (medium differentiation,
pT3N2MO, IIIB) in February 2017 in China through post-
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operative pathology. Multiple metastatic lymph nodes were
detected, including para-esophageal lymph nodes (3/5), pericar-
dial lymph nodes (2/9), tracheal carinal lymph nodes (4/4) and
mid-thoracic paratracheal lymph nodes (5/9). The time-line of
the treatment process for this patient is shown in Figure 1(a).
After the operation, he received 2 cycles of TP regimen (liposo-
mal paclitaxel [300 mg on day 1] plus nedaplatin [40 mg on days
1 to 4]) on March 20, 2017 and April 14, 2017, respectively. From
May 15, 2017 to June 29, 2017, he received concurrent chemor-
adiotherapy (CCRT) including 2 cycles of chemotherapy (lipo-
somal paclitaxel [300 mg on day 1, every 3 weeks]) and 30 doses
of radiotherapy (60 Gy/30 /2 Gy). After CCRT, the patient
started undergoing regular follow-up. His stable disease (SD)
status lasted until December 12 2017. The last CT scan for the
patient revealed a PD status, and then he commenced a 2-week
regimen of first-line chemotherapy, which consisted of irinote-
can (280 mg on day 1) and S-1 (60 mg, twice a day on days 1 to
10) for 3 cycles on December 12, 2017, January 5, 2018 and
January 20, 2018, respectively. After 3 cycles of chemotherapy,
response assessment indicated SD, and the patient experienced
severe grade IV bone marrow suppression. Therefore, the
patient received another 3 cycles of this regimen in which the
dose of irinotecan was changed to 260 mg. However, disease
assessment showed PD after the sixth round of chemotherapy
with this regimen. After that, 2 cycles of chemotherapy with the
NP regimen (vinorelbine [40 mg on day 1] and cisplatin [50 mg
on days 1 to 3]) and 2 cycles of anlotinib (12 mg on day 1 to 14,
oral) were administered, leading to PD. Then, he received
another 4 cycles of chemotherapy with irinotecan plus ralti-
trexed, consisting of irinotecan (280 mg on day 1) and raltitrexed
(4 mg on day 1) q3w. During treatment with this regimen, the
2-cycle assessment revealed SD, but the 4-cycle assessment
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Figure 1. Clinical and histological data of the patient from our center. (a) The timeline of treatments for a patient with advanced esophageal squamous carcinoma. (b)

The PD-L1 expression in tissue sample by IHC using 22C3 (X200).

revealed PD. Next-generation sequencing (NGS) was then per-
formed in this patient using both tissue and blood samples,
which revealed EGFR amplification, TP53 missense mutation,
and PIK3CA activating mutation (Table 1). The detailed sequen-
cing procedure has been described in our previous study.’
Immunohistochemistry (IHC) showed positive PD-L1 expres-
sion in 5% of tumor cells (TPS: 5%; CPS: 5), as shown in Figure 1
(b). We explained in detail to the patient with the effects and
risks of immunotherapy and clarified that the genomic signature
of the patient might not be benefited from immunotherapy.
Given that nivolumab has established the efficacy regardless of
PD-L1 status, systemic therapy with nivolumab (200 mg on day

1, every 2 weeks) was administered on October 18, 2018.
Unfortunately, less than 2 weeks after the first cycle of nivolu-
mab treatment, the patient experienced apparent cough and
chest tightness, and the CT scan revealed a significant progres-
sion of lung metastases. Multiple lung metastases have increased
by more than 50% of baseline (the percentage of the tumor size
enlargement compared with the status when immunotherapy
initialed: lesion 1: 102%; lesion 2: 93%; and lesion 3: 215%).
Additionally, new metastatic lesions were observed in the
lungs, and significant thickening of the esophageal wall was
detected. At the same time, the patient experienced immune-
related pneumonia (Grade 2) but finally recovered after



Table 1. Results of NGS examination.
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Tissue sample

Blood sample

Gene Abundance Alteration type Abundance Alteration type

EGFR CN: 4.55 Amplification

TP53 44.60% Exon 6, p.Y220C, missense 7.20% Exon 6, p.Y220C, missense
NOTCH1 57.73% Exon 6, p.C359Y, missense 4.72% Exon 6, p.C359Y, missense
HLA-A 55.20% Exon 5, p.S337P, missense 7.54% Exon 5, p.S337P, missense
EP300 30.14% Exon 28, p.W1509R, missense 10.34% Exon 28, p.W1509R, missense
ARID1A 0.83% Exon 7, non-sense
ASXL1 1.74% Exon 12, p.P1035S, missense
PIK3CA 1.94% Exon 10, p.E545K, missense
HSD3B1 1.60% Exon 4, p.Y181C, missense
PTCH1 1.93% Exon 18, p.E970K, missense
FAT3 2.50% Exon 9, p.T1874A, missense
LRP1B 2.24% Exon 18, p.D2621H, missense
FGF10 1.34% Exon 10, p.V77F, missense
PPM1D 0.57% Exon 6, non-sense
SMAD4 1.29% Exon 11, non-sense
TERT 1.22% Exon 9, p.R858Q, missense

treatment with glucocorticoids and antibiotics. The comparison
of the CT scan is shown in Figure 2(a). In addition, tumor
markers, including carcino-embryonic antigen (CEA), squa-
mous cell carcinoma antigen (SCC), and carbohydrate antigen
24-2 (CA24-2), were all drastically increased (Figure 2(b)).
Nivolumab was withheld for the patient, and he received 4 cycles
of treatment consisting of paclitaxel-albumin (200 mg on day
1, day 8, and day 15, every 4 weeks) and nimotuzumab (200 mg
every week). The patient achieved partial response (PR) at the
2-cycle assessment but PD at the 4-cycle assessment.

Discussion

HPD is a new pattern of progression recently described in
patients with malignant tumors treated with ICIs, and the
rate of HPD ranges from 7% to 29% according to previous
reports (summarized in Table 2). However, HPD in patients
with advanced esophageal squamous carcinoma treated with
PD-1/PD-L1 inhibitors has rarely been reported. In this study,
we reported on a patient with advanced esophageal squamous
carcinoma after multiple lines of treatment experiencing HPD
and immune-related pneumonia during one cycle of nivolu-
mab therapy. Multiple genomic alterations have been proven
to be associated with HPD, but no clear mechanism of HPD in
esophageal squamous carcinoma has been verified. Genome-
wide sequencing of cell-free DNA has been reported to identify
copy-number alterations that can be used for monitoring
response to immunotherapy and identifying HPD in cancer
patients.'® Using the NGS results of the patient in this study
and another two patients reported by Xiong et al, '’ we
revealed that an underlying PI3K/AKT signaling pathway
might be associated with HPD induced by nivolumab in
advanced esophageal squamous carcinoma.

According to the NGS results for the patient in this report, 16
altered genes were detected for genomic analysis. We submitted
the 16 genes into DAVID, an online tool for functional enrich-
ment. There were seven related signaling pathways with a kappa
value larger than 0.5 (similarity score: very high [0.75-1]; high
[0.5-0.75]; moderate [0.25-0.5]; and low [<0.25]), including
Phosphoinositide-3-kinase (PI3K)/Akt signaling pathway, Rap
signaling pathway, Ras signaling pathway, MAPK signaling

pathway, HIF-1 signaling pathway and FoxO signaling pathway,
of which the PI3K/Akt signaling pathway was strongly activated
in this patient (kappa = 1.00). Then, we took the intersection of
the seven signaling pathways and the HPD-related signaling
pathways reported in the latest literature and found that the
PI3K/Akt signaling pathway was activated in all three patients
who experienced HPD. To the best of our knowledge, this is the
first report of an advanced esophageal cancer patient who
experienced HPD after nivolumab treatment, which might be
associated with the PI3K/AKT signaling pathway, but the signal-
ing pathway requires further study. Several predictive factors,
including pathological, genomic, and immune characteristics,
have been revealed to be associated with HPD. The potential
factors contributing to HPD are summarized in Figure 3.

The results from a recent study indicated a close association
between MDM2/MDM4 amplification and HPD among stage
IV cancer patients after anti-PD1 therapy.'> There is no clear
mechanism of MDM2/MDM4 amplification resulting in HPD,
but previous studies may offer a potential idea for further experi-
ments. MDM2 is recognized as a tumor-associated antigen
(TAA) and can be identified by antigen-specific CD8+ autolo-
gous T lymphocytes."” The epitopes of MDM2 can act as a TAA
to activate cytotoxic T lymphocytes (CTLs), which in turn kill
tumor cells expressing MDM2. However, after long-term stimu-
lation of the MDM2 epitope, the effector CTLs disappear and
result in the limitation of the antigen-specific antitumor
response.'* Meanwhile, according to The Human Protein
Atlas, MDM?2 is also expressed in multiple normal tissues,
which can induce the central and/or peripheral tolerance of
T lymphocytes and prevent effective control of tumor growth.
In normal tissues expressing MDM?2, an epitope derived from
MDM2 called pMDM100, can bind to the H2-Kb major histo-
compatibility complex (MHC) I molecules with high affinity and
generate antigen-specific CTLs with low avidity to the target
tissue. Although pMDM100-specific CTLs can target this epi-
tope and exhibit the ability of protein-specific killing, they are
unable to induce the lysis of MDM2-expressing tumor cells.
High-avidity CTLs can be generated by pMDM441, an epitope
derived from MDM2 expressed in tumor tissues, which have the
ability to induce the lysis of tumor cells but bind to H2-Db MHC
I molecules with low affinity."” According to these studies, the
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Figure 2. CT scan and tumor markers of the patient experienced HPD after nivolumab treatment. (a) The CT scan before and after nivolumab treatment. In this case, HPD
was defined as a disease condition after anti-PD1/PD-L1 treatment which has a short TTF (less than 1 month) and a more than 50% increase than baseline in the size of

the lesion. (b) The alterations in tumor markers during nivolumab treatment.

immunological tolerance of MDM2 may play an important role
in HPD after anti-PD1/PD-L1 treatment. Despite this, MDM2
can directly inhibit the activation of T cells, which could be
a mechanism of HPD. Zou et al.'® demonstrated that MDM2
participates in the negative regulation of T cell activation by

inducing the ubiquitination and degradation of the transcription
factor NFATc2. The results from a study by Gasparini et al.'”
revealed that the nutlin-3, a small molecular inhibitor of the
MDM2/P53 interaction, can promote the ability of dendritic
cells to stimulate T cell activation. In summary, MDM?2
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Table 2. The HPD incidences among patients received ICls.

Study ID Cancer type ICls Number of patients HPD incidences
Kanjanapan, 2019" Solid tumors ~ Any 182 7%
Champiat, 2017° Solid tumors Any 131 9%
Sasaki, 2019° GC Nivolumab 62 21%
Ferrara, 2018 NSCLC Any 406 13.8%
Saada-Bouzid, 20172 HNSCC Any 34 29%

Kim, 20197 NSCLC Any 263 21%

Abbreviations

GC: gastric cancer

NSCLC: non-small cell lung cancer

HNSCC: head and neck squamous cell carcinoma
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Figure 3. Potential mechanisms associated with HPD induced by immunotherapy. In addition to PI3K/AKT pathway, several genetic alterations and clinical factors have
been stated to be involved in HPD, which including mouse double minute 2 (MDM2) or MDM4 amplification, alteration of epidermal growth factor receptor (EGFR) and
anaplastic lymphoma kinase (ALK). The potential cell signaling pathways contributed to HPD were displayed.
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amplification is likely to induce HPD among patients treated
with anti-PD1/PD-L1 therapy by inducing immunological tol-
erance and direct inhibition of T cell activation. MDM2 inhibi-
tors can serve as an auxiliary therapeutic agent that may benefit
patients with a genomic signature displaying MDM?2 family
amplification.

Gainor et al.'® demonstrated that non-small cell lung cancer
(NSCLC) patients harboring EGFR mutations or ALK rearran-
gements displayed low objective response rate (ORR) to anti-
PD1/PD-L1 therapy. In addition, the results from another
study revealed a correlation between EGFR mutations and the
low TTF (less than 2 months), and patients harboring EGFR
mutations were more likely to experience HPD."” While EGFR
mutations and ALK rearrangements are associated with the
activation of corresponding signaling pathways, whether
there exists a correlation between the mutation-driven signal-
ing pathway and HPD remains to be identified. Recently,
studies have clarified the role of the EGFR signaling pathway
in remodeling the tumor immune microenvironment
(TIME).*® The EGER signaling pathway can positively regulate
the expression of PD1, which might contribute to the immune
escape mediated by the PDI1/PD-L1 pathway. Meanwhile,
Akbay et al.?' confirmed a correlation between the EGFR
signaling pathway and multiple immunosuppressive factors,
including PD-L1, cytotoxic T lymphocyte antigen-4 (CTLA-
4). In addition, CTLs reduction and T cells exhaustion can be
detected in the xenografted mouse models of lung cancer
driven by the EGFR signaling pathway. Coincidentally, the
overexpression of ALK fusion protein can up-regulate the
expression of PD-L1 and result in the apoptosis of T cells.*”
In addition, a series of microRNAs (miRNAs) that are asso-
ciated with both innate and adaptive immune responses have
been shown to be regulated by ALK. In particular, the miRNA-
181 family, which regulates the phenotype, development, and
modulation of T cell receptor (TCR) signaling strength, is
down-regulated in anaplastic large cell lymphoma (ALCL)
harboring ALK rearrangement.”>** However, the relationship
between the miRNA-181 family and ALK rearrangements in
solid tumors requires further research. Given the correlation
between driven mutations and HPD, it is interesting whether
patients with cancer driven by EGFR or ALK will benefit from
treatment combined with anti-PD1/PD-L1 therapy and corre-
sponding tyrosine kinase inhibitors (TKIs). Several studies
have already focused on this issue, and multiple clinical trials
are currently undergoing.*>*°

Although baseline features of cancer patients at first diagno-
sis play important roles in the prognosis of the disease, the
importance of these features in the prediction of HPD remains
unclear. Sasaki et al.® noted that a larger tumor size is signifi-
cantly associated with HPD in patients with gastric cancer,
while the study by Saida-Bouzid E et al.”” provided a different
perspective that the tumor size at baseline had no correlation
with the incidence of HPD during the treatment. Meanwhile,
Sadda-Bouzid E et al. also provided us with a clue for the
prediction of HPD that HPD occurs in patients with metastatic
cervical lymph nodes at initial diagnosis more frequently.
Hematological changes were detected after the diagnosis of the
HPD. Early hypereosinophilia concurrent with HPD was
reported to occur in an elderly woman treated with anti-PD1

therapy.”® Other studies have shown that neutrophil counts and
C-reactive protein (CRP) levels increased significantly in a lung
cancer patient®” and a gastric cancer patient® who experience
HPD. Interestingly, the results from a recent study based on
Asian NSCLC patients revealed that HPD is closely associated
with the phenotypes of peripheral blood CD8 + T lymphocytes.
Researchers found that a lower frequency of effector/memory
subsets and a higher frequency of severely exhausted popula-
tions were associated with HPD.?” Nevertheless, hematological
changes in patients with HPD after anti-PD1/PD-L1 therapy
still require larger-scale research.

In this review, the TIME is emphasized to be associated with
HPD of cancer immunotherapy. According to the latest
researches, the regulatory T cells (Treg) are blamed to be
tightly associated with the HPD. The immune suppression
induced by Treg was detected augmented after the blockage
of PD-1 signaling pathway and the significant proliferation of
Treg was discovered in HPD tissues.”® EGFR and ALK path-
ways were all confirmed to be positively associated with the
proliferation of Treg’">* and might participate in the resultant
immune suppression. EGFR and ALK pathways share the same
downstream PI3K/AKT pathway>>>> which is proved to be
over-activated after the HPD in this report. Interestingly, the
activation of PI3K/AKT pathway plays an important role in the
generation of Treg’® and changes the ratio of Th17/Treg.”’”
Therefore, PI3K/AKT pathway could mingle the tyrosine
kinase-associated pathway with the regulation of TIME which
might serve as the underlying mechanism explaining the devel-
opment of HPD during cancer immunotherapy.

Conclusion

Nivolumab induced HPD in a patient with advanced esopha-
geal squamous carcinoma, and the mechanism might be asso-
ciated with the PI3K/AKT pathway. NGS examination may
facilitate the exploration mechanisms underlying HPD after
treatment with ICIs. The predictive factors for HPD, including
clinicopathological, genomic, and immune characteristics,
require further study.

List of abbreviations

PD1 programmed death 1
PD-L1 programmed death legend 1
HPD hyperprogressive disease
TTF time to treatment failure
TGR tumor growth rate

OS overall survival

PI3K phosphoinositide-3-kinase
EGFR epidermal growth factor receptor
MDM2 mouse double minute 2

NGS next generation sequencing

TAA tumor associated antigen

MAPK mitogen-activated protein kinase
ORR obstetric response rate

CTLA-4 cytotoxic T lymphocyte antigen-4
TIME tumor immunomicroenviroment
miRNA micro RNA

TKI tyrosine kinase inhibitor

CRP c-reactive protein

ICI immune checkpoint inhibitor
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