Clinical Response to
Anti-Programmed Death 1 After
Response and Subsequent

Progression on Anti-Programmed
Death Ligand 1 Therapy

Emily H. Castellanos
Emily Feld

Monica V. Estrada
Melinda E. Sanders
Pierre P. Massion
Douglas B. Johnson
Justin M. Balko

Leora Horn

All authors: Vanderbilt
University, Nashville TN.
Corresponding author:
Justin Balko, PharmD,
PhD, Vanderbilt
University Medical Center,
2200 Pierce Ave, 777 PRB,
Nashville, TN 37232-
6307; e-mail: justin.balko@
vanderbilt.edu.

Licensed under the Crea-
tive Commons Attribution
4.0 License.

INTRODUCTION

Immune checkpoint inhibitors are rapidly becom-
inga cornerstone in the treatment of non—small cell
lung cancer (NSCLC). The programmed death 1
(PD-1) receptor and its two ligands, programmed
deathligand 1(PD-L1;B7H1)andligand 2 (PD-L2;
B7-DC), negatively regulate T-cell activation, and
expression of PD-L1 by tumor cells is an important
mechanism of immune evasion.'” Multiple agents
have been developed to disrupt tumor-associated
immune evasion by targeting either PD-1 or PD-
L1. Nivolumab and pembrolizumab, both ant-
PD-1 agents approved for advanced NSCLC pro-
gressing after chemotherapy, confer an overall sur-
vival benefit and produce response rates in 16% to
23% of unselected patients with NSCLC.*° Food
and Drug Administration approval was also recently
extended to pembrolizumab in the first-line setting
for patients with metastatic NSCLC expressing
PD-L1.” Atezolizumab, an anti-PD-L1 agent,
has also demonstrated an overall survival benefit
and has been approved for use in the second-line
setting.” The growing supply of treatment options
has led to new questions of optimal sequencing and
choice of therapy. In particular, the utility of serial
treatment with immune checkpoint inhibitors has
not been established.

Agents targeting PD-L1 block the interaction of
PD-L1 expressed on tumor cells and tumor-
infiltrating immune cells with PD-1 and B7.1
expressed on T cells. Studies of these agents, in-
cluding atezolizumab, avelumab, and durvalumab,
have demonstrated similar response rates and clin-
ical benefit.””'* Although the effects of anti-PD-L1
are predicted to be similar to anti—PD-1, ithas been
speculated that the variation in mechanism may
lead to distinct antitumor and toxicity profiles
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compared with the anti-PD-1 agents."” However,
these agents have not been directly compared. To
our knowledge, this is the first reported case of
sequential anti-PD-L1 and ant-PD-1-directed
therapy, as well as the first to demonstrate anti—
PD-1 activity in an anti-PD-L1 refractory setting.

CASE REPORT

A S5l-year-old former smoker was referred for
treatment of progressive metastatic nonsquamous
NSCLC. He had been diagnosed approximately
2 years earlier with NSCLC metastatic to bilateral
cervical lymph nodes and bilateral adrenal glands.
Molecular testing showed that his tumor was
EGFR and KRAS wild type and ALK translocation
negative. Before this evaluation, he received four
lines of therapy, including platinum doublet che-
motherapy, single-agent docetaxel, palliative che-
moradiation with weekly carboplatin and paclitaxel,
and erlotinib.

He was enrolled in a phase I clinical trial of an
anti-PD-L1 monoclonal antibody given in 21-day
cycles. Computed tomography (CT) imaging af-
ter four cycles of therapy (12 weeks) revealed a
partial response (PR), with 45% reduction in
tumor size. He experienced only mild (grade 1)
rash and hypothyroidism. He received a total of 16
cycles of antd-PD-L1 therapy before treatment
was stopped per study protocol.

The patient was followed with serial cross-sectional
imaging and demonstrated continued PR on im-
aging for 16 months after therapy completion. He
then developed pain and swelling in his neck. CT
imaging revealed enlarging cervical and right axil-
lary lymphadenopathy and growth of two previ-
ously noted nodules in his right adrenal gland. He
restarted anti-PD-L1 therapy per study pro-
tocol, with CT imaging after 8 weeks showing
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Fig 1. Radiologic and
clinical course of disease.
(A) Contrasted computed
tomography scans of the

stable disease. After seven cycles of treatment, he
was noted to have progression of disease in his
rightaxillaand anew retropharyngeal (RP) mass.

Biopsy of the RP mass showed poorly differentiated
carcinoma consistent with recurrent NSCLC and
similar to his initial biopsy. He was treated with
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chest, abdomen, and pelvis
show a metastatic lesion
within the right adrenal
gland (arrow) before
initiation of
anti-programmed death
ligand 1 (PD-L1) therapy
(panel A1), which regressed
after 16 cycles of treatment
with and-PD-L1 therapy
(panel A2). Repeat
computed tomography
imaging demonstrated
progressive disease in the
right adrenal gland before
initiation of ant-PD-1
therapy (panel A3), with
subsequent improvement
after 9 months of anti-PD-
1 therapy (panel A4). (B)
Timeline of therapies. (C)
Sites of biopsies and
summary of PD-L1/
programmed death ligand 2
(PD-L2) staining. CCRT,
concurrent radiotherapy;
LNs, lymph nodes; NA, not
available.

palliative radiation therapy (30 Gy in 10 fractions)
to both his right axilla and RP space. Two weeks
after radiation therapy, repeat imaging demon-
strated stability of the RP mass, decrease in the
size of the right axillary lymph node, and enlarging
adrenal masses. He was given nivolumab 3 mg/kg
every 2 weeks. Imaging of the face after 6 weeks
showed a PR in the RP space, and body imaging
after 8 weeks of treatment showed a PR in both the
right axilla and right adrenal gland (Fig 1A). He
tolerated treatment well, with no immune-related
adverse events for 24 cycles, after which he was
noted to have progression limited to his right axilla,
with a core biopsy confirming NSCLC. This sam-
ple was sent for genomic testing through Founda-
tionONE. Given that this represented isolated
progressive disease, he continued receiving nivo-
lumab and underwent a right axillary lymph node
dissection for local disease control. Unfortunately,
he died several days after this procedure at an
outside facility; the cause of death was unclear.

Statement of Informed Consent

All human investigations were performed after
approval by a local human investigations commit-
tee and in accord with an assurance filed with and
approved by the Department of Health and Hu-
man Services, and all data were anonymized to
protect the identities of participants involved in
the research. Informed consent from the patient
for such research was obtained.

Longitudinal Assessment of PD-L1 and
PD-L2 Expression

Biopsy samples were obtained at the time of di-
agnosis (biopsy 1), before repeat treatment with
anti-PD-L1 (biopsy 2), before treatment with
anti-PD-1 (biopsy 3), and after progression anti—
PD-1 therapy (biopsy 4; Fig 1B). At the time of
diagnosis, the tumor sample was PD-L1 negative,
but strongly PD-L2 positive (100%). However,
tissue for this first sample was extremely limited,
and possible PD-L1 positivity could not be ruled
out because of the size of the tissue specimen,
particularly because subsequent specimens from
the patient demonstrated a highly heterogeneous
pattern of PD-L1 expression with rare positive
stromal cells, whereas PD-L2 staining was robust
throughout the tumor. After his initial disease
progression while receiving anti-PD-L1 therapy,
repeat biopsy demonstrated no tumor PD-L1
staining (with limited stromal PD-L1 positivity),
and PD-L2 remained strongly positive (70%; Fig
1C). Similar results were demonstrated in biopsy 3
before starting PD-1 therapy and biopsy 4 after

progression on this final line of treatment, with
strong PD-L2 expression in tumor, moderate
PD-L1 staining in stroma, and absence of
PD-L1 expression in tumor. Representative im-
munohistochemistry samples from each time
point are shown in Figure 2.

Targeted Next-Generation Sequencing

Genomic testing using a hybrid capture-based
next-generation sequencing platform assessing
exons from 315 genes (FoundationONE) of the
patient’s tumor at the time of progression while
taking nivolumab (biopsy 4) identified seven po-
tentially functional alterations, including RICTOR
amplification, ARID1A4 T2030fs*3, ARID2 Q904*,
KDMS5CE656*, SLIT2 G498*, TET2 E1851*, and
TP53 R280L Thirty-three variants of unknown
significance were identified, and a total mutation
burden of 53 mutations/megabase was estimated,
placing this patient in the top 7% of all tumor
specimens tested by this method.'® Thus, the re-
sponse observed in this high mutation-load patient
was consistent with clinical observations.'” No alter-
ations were identified in 7AKI, JAK2, CD274,
PDCDILG2, PTEN, MYC, or CTNNBI in this pa-
tent, which were previously reported mechanisms of
T-cell exclusion and/or resistance to ant-PD-1
therapy.'®?! Next-generation sequencing data were
only available on the final biopsy specimen; thus,
changes in mutation burden over time cannot be
assessed.

Gene Expression Analysis

Sufficient tissue for expression analysis (nano-
String PanCancer Immune Profiling Panel) was
available for two of the four biopsy time points:
post-therapy A, which was sampled before begin-
ning the second treatment course of anti-PD-L]1,
and post-therapy B, sampled at disease progres-
sion on anti-PD-L1, before radiation therapy
followed by nivolumab. Comparison of the expres-
sion of immune genes between these two sam-
ples demonstrated substantial downregulation of
CD274 (PD-L1) mRNA and upregulation of sev-
eral immunosuppressive genes, including /L6 and
PTGS?2 (cyclooxygenase-2; Fig 3A). Interferon-
gamma-responsive genes demonstrated a global
downregulation in the resistant sample, consistent
with the predicted effects of a decrease in T-cell
activity in the tumor microenvironment (Fig 3B).

DISCUSSION

Although immunotherapies are being rapidly
adopted into widespread use for the treatment
of NSCLC, reasons for progression on therapies
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Fig 2. Histology of
longitudinal specimens.
Representative
immunohistochemistry
images at pretherapy
(biopsy 1), and post-
therapy (before second
anti-programmed death
ligand 1 [PD-L1] course;
post-PD-L1 therapy A;
biopsy 2), at progression/
resistance to PD-L1
therapy (before response to
nivolumab; post-PD-L1
therapy B; biopsy 3), and at
nivolumab resistance
(postnivolumab; biopsy 4).
H&E, hematoxylin and
eosin; PD-1.2,
programmed death
ligand 2.
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targeting the PD-1/PD-L1 axis and subsequent
activity of alternate immune therapies after pro-
gression are unknown. This case provides clinical
evidence suggesting that these agents may have
nonoverlapping mechanisms of response. It could
be hypothesized that distinctimmune checkpoints
(eg, PD-L1 v PD-L2) could divergently mediate
therapeutic resistance to checkpoint inhibitors
and support preclinical studies testing this hypothesis.

This patient’s tumor was PD-L1 negative at diag-
nosis, with some positivity in the stroma, on the basis
of our limited sample, but strongly PD-1.2 positive.
"This finding suggests that the significance of PD-1.2
positivity in response to PD-L1 or PD-1 targeted
therapies may be a useful subject of study. PD-1.2 is
primarily expressed on antigen-presenting cells, in-
cluding macrophages and dendritic cells." This is in

contrast to PD-L1, which is more ubiquitous
and present in peripheral tissues on resting
T cells, B cells, dendritic cells, macrophages,
vascular endothelial cells, and pancreatic islet
cells.>* PD-1binds both PD-L1 and PD-L2, but
interestingly, the relative affinity of PD-L2 to
PD-1 is approximately two to six times great-
er than that of PD-L1.%° The physiologic and
clinical significance of this remains unclear.
Examination of PD-L2 expression across mul-
tiple tumor types found that although PD-L2 is
often coexpressed with PD-L1, isolated PD-L2
expression does occur.?® In lung cancer, several
reports have evaluated expression of PD-L2 in
larger cohorts and reported the prevalence of
PD-L2 in 23.9% (squamous cell carcinoma)
and 47% (KRAS-mutant NSCLC) of patients,
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tissue blocks were analyzed
by nanoString PanCancer
Immune Profiling (730
immune-related genes).
Normalized data were
compared between the
post-therapy A
(preresistance) and post-
therapy B (postresistance)
specimens for log2 fold
change. Fold change for
genes altered by > 2 log2
units (four-fold change) are
shown. (B) Genes involved
in the interferon-gamma
signaling reactome (www.
reactome.org; accession:
MO965) were selected from
the PanCancer Immune
Profiling gene set and
plotted by fold change.
This analysis demonstrated
a general decrease in
interferon-gamma
signaling within the tumor
microenvironment at
disease progression on
anti-programmed death
ligand 1 (PD-L1). (C)
Simplified schematic of
known PD-L1/
programmed death ligand 2
(PD-L2) interactions. PD-
L1 interacts with
programmed death 1 (PD-
1) and B7-1 (CD80) to
promote immune effector
cell suppression, whereas
PD-L2 can bind PD-1 and
RGMD, promoting effector
suppression and respiratory
tolerance in lung-resident
macrophages,
respectively.”>?* APCs,
antigen-presenting cells;
COX2, cyclooxygenase-2.

be associated with earlier stage of disease (stage I
v all others), but not with gender or smoking
status (Appendix Fig Al).

During the second treatment with anti-PD-L1,
which was accompanied by short-term stable dis-
ease and subsequent progression, we observed
maintenance of high PD-L.2 expression and down-
regulation of PD-L.1 mRNA expression accom-
panied by simultaneous decrease of interferon-
gamma response signatures. PD-L1 staining in
samples flanking this treatment yielded rare
populations of positive stromal cells. We also
observed upregulation of immunosuppressive
genes, such as cyclooxygenase-2 (recently shown
to be important in mediating anti-PD-1 respon-
siveness®”) and interleukin-6, which was shown
to decrease after initial treatment with PD-L1 tar-
geted therapy.*® Thus, the changes in gene expres-
sion within the tumor microenvironment in this
patient were consistent with previous studies.

Importantly, there were multiple intervening ther-
apies in this patient during the approximately 20-
month period after the initial pretreatment biopsy,
limiting the inferences that can be made during
the initial therapy with and—PD-L1. There wereno
additional intervening therapies between the flank-
ing biopsies of the second trial of anti-PD-L1.

Abscopal effects of radiation with immunother-
apy have been reported in several tumor types,
particularly in conjunction with anti—cytotoxic
T-cell lymphocyte-4 agents.*'** Although the
mechanism of the abscopal effectis not entirely
understood, upregulation of PD-L1 and PD-L2
has been demonstrated in tumor models after
radiation therapy.***> None of our patient’s
biopsies demonstrated upregulation of PD-L1
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APPENDIX
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Fig Al. Programmed
death ligand 2 (PD-L2)
expression across 43
patients with non—small cell
lung cancer (NSCLC).

(A) A tissue microarray
series of 43 patients with
NSCLC was stained for
PD-L2 expression and
analyzed by histoscore
(H-score; % of cells
staining positive X
intensity [0-3+]). Dotted
lines between 250 and 300
show the H-score range for
PD-L2, in which the
longitudinal specimens
from the patient fell. (B)
PD-L2 expression and its
association with sex,
smoking, and stage. P value
represents the result of

a two-tailed Student 7 test.
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