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Background: Hyperprogressive disease is an unexpected response pattern observed in immune checkpoint
therapy and associated with poor prognosis. The rechallenge of programmed cell death 1/programmed cell
death ligand 1 (PD-1/PD-L1) inhibitors can be a treatment option in non-small cell lung cancer (NSCLC)
patients who once responded to them. Here, we reported the hyperprogressive phenomenon after PD-1/
PD-L1 rechallenge in a patient with NSCLC.

Case Description: This case report described a patient with recurrent large cell lung cancer undergoing
hyperprogressive disease with pleural and pericardial dissemination shortly after the pembrolizumab
rechallenge, although he had a favorable response to the initial pembrolizumab treatment. A lower ratio of
CD8" T cells to Foxp3" regulatory T cells was distributed in the cell blocks of pleural and pericardial effusion
which were taken after hyperprogressive disease, compared to the resected tumor microenvironment.
Neutrophil-to-lymphocyte ratio (NLR) was lower in peripheral blood when the disease was controlled and it
rose when the disease progressed. Notably, NLR increased dramatically when hyperprogression occurred.
Conclusions: For the first time, we reported that a patient who showed a favorable response to initial anti-
PD-1 treatment underwent hyperprogressive disease when rechallenging the same immunotherapy. The
increased Foxp3™ regulatory T cells in the tumor microenvironment and the longitudinal change of NLRs in

peripheral blood were suggested to be associated with hyperprogressive disease.
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Introduction

Immune checkpoint blockade with programmed cell death 1
(PD-1) or its ligand 1 (PD-L1) inhibitors are being widely
used to successfully treat non-small cell lung cancer
(NSCLC) (1). Recently, hyperprogressive disease, which
is characterized by an unexpected acceleration of cancer
growth when treated with PD-1/PD-L1 inhibitors, has been
reported in a subset of patients with NSCLC, since immune
checkpoint inhibitors are increasingly used across solid
cancers in clinical settings (2). Hyperprogressive disease has
shown a deleterious effect on patients and is associated with
worse outcomes as a serious immune-related adverse event
(irAE) (3).

Our previous study demonstrated that the rechallenge
of PD-1/PD-L1 inhibitors can be a treatment option
in NSCLC patients who once responded to them (4).
However, the hyperprogressive phenomenon during anti-
PD-1/PD-L1 rechallenge has not been reported before.

Highlight box

Key findings

® Our study reported a patient who showed initial partial response
to anti-programmed cell death 1 (anti-PD-1) treatment
underwent hyperprogressive disease when rechallenging the same
immunotherapy.

® The decreased ratio of CD8" T cells to Foxp3* regulatory T cells
in the tumor microenvironment and the longitudinal change of
neutrophil-to-lymphocyte ratios (NLR) in peripheral blood were
suggested to be associated with hyperprogressive disease.

What is known and what is new?

® The rechallenge of PD-1/programmed cell death ligand 1 (PD-
L1) inhibitors can be a treatment option in non-small cell lung
cancer patients who once responded to them. However, the
hyperprogressive phenomenon after anti-PD-1/PD-L1 rechallenge
has not been reported.

* Hyperprogressive disease occurred under anti-PD-1 rechallenge
despite of a favorable response to initial anti-PD-1 treatment.

* Increased regulatory T cells were suggested to be associated with
hyperprogressive disease.

* NLR increased dramatically when hyperprogressive disease
occurred after anti-PD-1/PD-L1 rechallenge.

What is the implication, and what should change now?

* Tumor immune microenvironment can change dynamically even
after cessation of anti-PD-1/PD-L1 therapy, and may be associated
with increased risk for hyperprogression during rechallenge with
anti-PD-1/PD-L1 treatment.

* Patients rechallenged with anti-PD-1 after a favorable response to
initial anti-PD-1 treatment should be closely monitored.
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Herein, we report an unusual case of hyperprogressive
disease when rechallenging with pembrolizumab in a patient
with large cell lung cancer, who had a favorable response to
the initial pembrolizumab treatment. We present this case
in accordance with the CARE reporting checklist (available
at https://tlcr.amegroups.com/article/view/10.21037/tlcr-
23-765/rc).

Case presentation

A 78-year-old male former smoker was referred to our
hospital due to an abnormal shadow on chest computed
tomography (CT) which was taken for the examination
of cough in September 2018 (Figure 14). The patient had
no respiratory signs like hypoxia or abnormal physical
examination. Brain magnetic resonance imaging (MRI),
and ""F-fluorodeoxyglucose (FDG) positron-emission
tomography (PET) were performed, and he was highly
suspected of clinical T3N1MO stage IIIA lung cancer.
Subsequently, he underwent left upper lobe resection with
mediastinal lymph node dissection in September 2018.
Large cell carcinoma with 5% PD-L1 expression by tumor
proportion score was reported, and the pathological stage
was T3N2MO stage IIIB [Union for International Cancer
Control (UICC) TNM staging]. The tumor genetic
mutation test reported no alteration in EGFR, ALK, ROSI,
or BRAF.

Four months after surgery, CT and FDG-PET reported
recurrences at mediastinal and right supraclavicular lymph
nodes, and at left ischial and right sacral bones with Eastern
Cooperative Oncology Group Performance Status (ECOG
PS) 1 in January 2019 (Figure 1B). The patient preferred
pembrolizumab monotherapy with 200 mg q3w after
treatment options including platinum-based chemotherapy
or pembrolizumab monotherapy were discussed. Partial
response was achieved after 2 cycles of pembrolizumab
treatment according to response evaluation criteria in
solid tumors (RECIST) 1.1 in March 2019 (Figure 1C).
Grade 1 diarrhea occurred and was treated with probiotics
and fosfomycin. After 4 cycles of pembrolizumab, grade 2
pneumothorax occurred. Pembrolizumab was suspended
until the resolution of pneumothorax. After 3 more cycles of
pembrolizumab, grade 2 mediastinal emphysema happened.
Immunotherapy with pembrolizumab was stopped in June
2019, as a causative link between pneumothorax/mediastinal
emphysema and pembrolizumab was highly suspected. The
patient was stable in the state of clinical partial response for
6 months.
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Figure 1 Longitudinal radiographic changes during clinical treatment (A-E). A left enlarged axillary lymph node was shown in (D) lower

CT image (red arrow). Left pleural dissemination with a new metastatic lesion near pleura was observed in (E) middle CT image (red arrow)

and a rapid increase of pericardial effusion was observed in (E) lower CT image (red arrow).

A left enlarged axillary lymph node was observed in
CT imaging in December 2019, although no specialized
respiratory symptom was reported in this patient with
ECOG PS 1 (Figure 1D). Suspicious cancer cells were
detected in pleural effusion thereafter. After pembrolizumab
was rechallenged with 2 cycles, the patient visited the
emergency room with complaints of dyspnea and peripheral
edema. Chest X-ray and CT imaging showed left pleural
dissemination with a new metastatic lesion near pleura
and a rapid increase of pleural and pericardial effusion,
compared to the images before pembrolizumab rechallenge
(Figure 1E). Cytology of left pleural and pericardial effusion
found malignant cells. Hyperprogressive disease after
pembrolizumab rechallenge was therefore identified.

The treatment regimen was switched to tegafur/
gimeracil/oteracil (S-1). The disease still progressed though
S-1 was administered. Unfortunately, the patient died of
lung cancer during the best supportive care.

In the tumor microenvironment of surgical specimen,
the infiltration of CD8" T cells recognized as cytotoxic
T cells was observed among the tumor cells (Figure 24).
Immunohistochemistry identified CD8" cells, and more
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Foxp3* T cells as regulatory T cells were distributed in the
cell blocks of pleural and pericardial effusion which were
taken just after hyperprogressive disease (Figure 2B,2C).
The ratio of CD8" T cells to Foxp3™ T cells in primary
tumor (median: 2.6) was higher than those of subsequent
hyperprogressive sites including malignant pleural effusion
(median: 0.7) and pericardial effusion (median: 1.9) (P=0.029
and P=0.34).

The longitudinal neutrophil-to-lymphocyte ratio
(NLR) in peripheral blood was measured (Figure 3). NLR
increased at the time of intrathoracic relapse and distant
metastasis, and decreased when the disease was controlled
by immunotherapy with pembrolizumab. However, NLR
rose dramatically when hyperprogressive disease occurred
with pembrolizumab rechallenge.

All procedures performed in this study were in
accordance with the ethical standards of the institutional
and/or national research committee(s) and with the
Declaration of Helsinki (as revised in 2013). Written
informed consent was obtained from the patient for
scientific publication, and it is documented in the medical
record.
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Figure 2 Immune microenvironment of surgical specimen of primary solid tumor versus malignant pleural and pericardial effusion which
were taken just after hyperprogressive disease (immunohistochemical staining, magnification 20x). (A) CD8" cells infiltrated (black arrows)
in primary solid tumor before immunotherapy (upper), but Foxp3* cells were rarely identified (lower). (B) CD8" cells (black arrows in the
upper figure) and Foxp3” cells (red arrows in the lower figure) were distributed in malignant pleural effusion. (C) CD8" cells (black arrows in

the upper figure) and Foxp3” cells (red arrows in the lower figure) were distributed in malignant pericardial effusion.

Baseline before  Follow-up after Intrathoracic PR after 7 PD during 1st 2nd
surgery surgery relapse and distant cycles of Pembrolizumab  Pembrolizumab  pembrolizumab
metastasis Pembrolizumab cessation rechallenge rechallenge

Figure 3 Dynamic change of NLR in blood test. NLR was examined at baseline, follow-up after surgery, intrathoracic relapse and distant
metastasis, PR after initial pembrolizumab treatment, PD during pembrolizumab cessation and hyperprogression when pembrolizamab

rechallenged through peripheral blood test. NLR, neutrophil-to-lymphocyte ratio; PR, partial response; PD, progressive disease.

Discussion pembrolizumab rechallenge, although he had an initial
This case report described a patient with recurrent large partial response to the pembrolizumab treatment.

cell lung cancer undergoing hyperprogressive disease The emerging evidence indicated that the rechallenge
with pleural and pericardial dissemination shortly after of immune checkpoint inhibitors is a reasonable option
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for selected NSCLC patients (5-7). Our recent meta-
analysis study summarized the rechallenge of immune
checkpoint therapy and compared the outcomes among
different discontinuation reasons including immune-
related adverse Events (irAEs) or a planned interruption
of immunotherapy after a defined number of cycles or
disease progression during immunotherapy (4). The results
showed that the patients undergoing disease progression
after initial discontinuation owing to irAEs or a planned
interruption are more likely to benefit from the rechallenge
of immunotherapy in NSCLC. Compared to the initial
immunotherapy, the rechallenge was less effective but had
a lower incidence of severe irAEs. Therefore, we re-treated
the patient using pembrolizumab again based on that
the partial response had ever been achieved in the initial
treatment of pembrolizumab.

Hyperprogressive disease is recognized as a flair-up of
tumor growth during PD-1/PD-L1 immunotherapy (8).
Hyperprogressive disease was initially defined as disease
progression at the first evaluation with an increase
of tumor growth rate exceeding 100% by RECIST
criteria (9). A recent study developed the definition of
hyperprogressive disease by adding multiple new lesions
into the diagnostic criteria (10). Compared to the CT
image before pembrolizumab rechallenge in our case study,
the new metastatic lesion near the pleura with a rapid
increase of malignant pleural effusion after the Ist cycle
of pembrolizumab rechallenge and the new malignant
pericardial effusion was detected shortly just after the
2nd cycle, met the diagnostic criteria of hyperprogressive
disease. To our knowledge, this is the first case report
regarding hyperprogressive disease under anti-PD-1
rechallenge after we searched the existing literature.

Molecular mechanisms of hyperprogressive disease after
immunotherapy are yet to be well elucidated (11,12). A
recent study revealed that patients with hyperprogression
showed marked increases of tumor-infiltrating, highly
suppressive regulatory T cells in tumor tissue upon
initiation of anti-PD-1/PD-L1 therapy in comparison with
their decrease in patients without hyperprogression (13).
Consistently, many Foxp3" cells as regulatory T cells were
observed in this patient’s malignant pleural and pericardial
effusion when the hyperprogressive disease occurred. By
contrast, few Foxp3” cells as regulatory T cells were detected
in the resected tumor before initial immunotherapy. This
suggests tumor immune microenvironment can change
dynamically even after cessation of anti-PD-1/PD-L1
therapy, and can cause hyperprogression during rechallenge
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of anti-PD-1/PD-L1 therapy.

The biomarker for the early detection of
hyperprogressive disease during immunotherapy is not
well identified. High NLR is reported to be associated
with poor response to initial immune checkpoint therapy
(14,15). We observed in this case that NLR was low when
the disease was controlled and NLR increased when the
disease progressed. Furthermore, NLR rose dramatically
when hyperprogression occurred. NLR may provide useful
information for evaluating the status of disease during
immunotherapy including hyperprogressive disease.

Conclusions

Immunotherapy rechallenge is a field of interest in lung
cancer. This report suggests that patients who showed
a favorable response to initial anti-PD-1 treatment may
undergo hyperprogressive disease when rechallenging the
same immunotherapy. The increased Foxp3® regulatory T
cells in the tumor microenvironment and the longitudinal
change of NLRs in peripheral blood were suggested to be
associated with hyperprogressive disease. More clinical,
biological, and histopathological data are needed to better
understand the mechanisms of hyperprogression.
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