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ABSTRACT

Background Murine model suggests programmed cell
death-1 (PD-1), an immune checkpoint not only plays role

in tumor escape but is also a tumor suppressor for T-cells.
But until, no reports of secondary T-cell lymphoma postuse
of immune checkpoint inhibitors (ICls) has been reported.
Herein, we present a hitherto unreported phenomenon of
secondary T-cell lymphoma when PD-1 inhibitor was used in
a patient diagnosed with a tumor of epithelial origin.

Gase report A man in mid-70s presented with biopsy-
proven metastatic tumor of epithelial origin. Patient received
carboplatin in combination with paclitaxel for four cycles
leading to partial remission. The patient was subsequently
switched to pembrolizumab due to persistent disease in

the mediastinum. After four cycles of PD-1 inhibitor, patient
presented with progression of disease and was diagnosed
with biopsy-proven peripheral T-cell lymphoma-not
otherwise specified. Based on the reported tumor suppressor
function of PD-1 in murine models, we hypothesized that the
use of PD-1 inhibitor caused clonal proliferation of abnormal
T-cell clone leading to T-cell lymphoma. T-cell receptor (TCR)
sequencing was performed by TCRP sequencing and T-cell
clones from pre-ICI treatment specimen were compared
with post-ICl treatment specimens. We show that one of

the T-cell clones present in pre-ICl treatment specimen at a
low frequency of had massive expansion to become most
dominant clone in post-ICl treatment specimens leading to
lymphoma. Moreover, targeted exome sequencing revealed a
new TET2 mutation in the clone representing the lymphoma.
Next, we retrospectively reviewed the Food and

Drug Administration (FDA) Adverse Events Reporting
System (FAERS), the pharmacovigilance database from
2012 to 2018 to find the reported incidence of this
phenomenon and calculated the reporting OR (ROR) for
disproportionality analysis for risk of T-cell lymphoma

due to checkpoint inhibitors compared with other drugs.

In FAERS, the incidence of T-cell lymphoma post-ICIs
(pembrolizumab, nivolumab and ipilimumab) was found

to be 0.02% with 17% mortality. The ROR probability of
risk of T-cell lymphoma compared with other drugs in
pharmacovigilance database was increased at 1.91.
Conclusions T-cell lymphoma is a rare sequela of ICls
with high mortality. Larger studies with long-term follow-
up of patients receiving ICls is needed.

BACKGROUND

Immune checkpoint inhibitors  (ICIs)
targeting programmed cell death-1 (PD-1)
or cytotoxic T-lymphocyte-associated protein
4 to overcome tumor immune escape have

greatly improved outcomes in many cancer
subtypes.! > However, ICIs are not without
toxicity due to off target effects of immune
stimulation known as immune-related adverse
events (AEs),” which can be potentially life
threatening such as myocarditis." As ICIs
are relatively newer class of antineoplastic
drugs full extent of toxicity is not known.
Immune checkpoint PD-1 not only plays a
role in tumor escape through inactivation of
T-cell when bound by its ligand programmed
cell death ligand 1/2 (PD-L1/2) on tumor
cells through PI3K pathway’ but is a tumor
suppressor for Tecells itself. Wartewig et al’
discovered the previously unknown role of
PD-1 being tumor suppressor when they
investigated in a syngeneic mouse model
carrying itk-syk oncogenic driver mutation
that treatment with PD-1 inhibitor caused
massive proliferation of abnormal T-cells
carrying oncogenic driver mutation leading
to T-cell lymphogenesis. Until now no case
of secondary T-cell lymphoma post-treatment
with PD-1 inhibitor has been described.
Herein, we present a case of secondary T-cell
lymphoma in a patient treated with PD-1
inhibitor for tumor of epithelial origin. We
also retrospectively queried FDA Adverse
Events Reporting System (FAERS) from 2012
to 2018 to find out incidence of this AE and
performed disproportionality signal analysis
using reporting OR (ROR).

CASE PRESENTATION

A man in mid-70s with history of stage T1 tran-
sitional cell carcinoma of bladder 14 years
prior (treated at that time with intravesical
BCG vaccine and intravesical instillation of
doxorubicin for vaccine failure) presented to
the hospital with shortness of breath. Complete
blood count (CBC) and complete metabolic
panel were within normal limits. Workup
revealed leftsided pleural effusion (figure 1A).
Incisional biopsy of left pleura was performed
which on immunohistochemistry (IHC) was
positive for cytokeratin (CK) and negative
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Figure 1 Serial PET scans. (A) Initial PET scan showing
increased 18 fludeoxyglucose uptake. (B) PET scan post
four cycles of carboplatin plus paclitaxel showing partial
remission. (C) PET scan post-PD-1 inhibitor therapy. PD-1,
programmed cell death-1.

for CD45 and anaplastic lymphoma kinase (ALK) consis-
tent with undifferentiated carcinoma of epithelial origin
(see online supplementary figure 1). PD-L1 staining on
the tumor was 5%. Targeted next-generation sequencing
(NGS) was performed, which showed low tumor muta-
tion burden of five mutations/megabase with mutation
involving TP53 being most predominant; variant allele
frequency (VAF)=31% (see online supplementary table
1 for all mutations detected). Patient received chemo-
therapy with standard dose carboplatin in combination
with paclitaxel every 3 weeks. After four cycles, the patient
had partial response to therapy (figure 1B) and treatment
was switched to pembrolizumab (a PD-1 inhibitor) 200 mg
intravenously every 3 weeks due to persistent disease in
the mediastinum. After four cycles of pembrolizumab, the
patient had fever, weight loss along with left cervical, bilat-
eral axillary and inguinal lymphadenopathy (figure 1C).
CBC revealed marked lymphocytosis with eosinophilia.
Biopsy of left cervical lymph node which on IHC was posi-
tive for CD3, CD5, CD30, CD45 and negative for CK, CD20,
ALK was consistent with peripheral T-cell lymphoma; not
otherwise specified (PTCL;NOS) (online supplemen-
tary figure 2). Bone marrow staging biopsy showed the
same findings as lymph node confirming Stage IV disease.
Targeted exome NGS showed TET2 mutation; VAF=26%
(c.5127T>Aor p.Cys1709Ter, a nonsense mutation in exon
11 of TETZ2). Unfortunately, the patient developed cerebral
venous thrombosis, which led family to decline any further
therapy for lymphoma and decided to pursue hospice
and patient died shortly thereafter. Based on the reported
tumor suppressor function of PD-1 in murine models,
we hypothesized that anti PD-1 therapy caused mono-
clonal expansion of TET2 mutated T-cell clone causing
T-cell lymphoma. To prove our hypothesis after obtaining
informed consent from the patient family, we performed
T-cell receptor (TCR) sequencing (TCRB sequencing
by Immunoseq assay) and compared pre-ICI to post-ICI
biopsy sample. TCR sequencing revealed clonal expansion
of Twcell clone (CASTADGSSNTGELFF) from 0.008% in
lung (pre-ICI sample) to 11% in bone marrow and 41% in
the lymph node (post-ICI samples) which is suspected to

TCRB Sequencing Post-ICI

CASTADGSSNTGELFF

i Post-ICI
6 _»

/

% of T-cell clone

Pre-ICI
0.008%

lung biopsy

bone marrow biopsy lymph node biopsy

Figure 2 TCRp sequencing. T-cell clone by TCRf
sequencing before PD-1 inhibitor therapy in lung was
0.008%, which expanded to 11% in bone marrow and
41% in lymph node (post-treatment samples). Amino acid
sequence of T-cell clone was CASTADGSSNTGELFF. IClI,
immune checkpoint inhibitor; PD-1, programmed cell
death-1; TCR, T-cell receptor.

be the TET2 mutated clone, hence supporting our hypoth-
esis (figure 2) (online supplementary figure 3). Next to
find out incidence of this AE, we retrospectively queried
FAERS for AEs secondary to ICIs namely ‘nivolumab’,
‘ipilimumab’ and ‘pembrolizumab’ from 1 January 2012
to 31 December 2018. FAERS quarterly files were down-
loaded and all T-cell-related neoplasm reactions due to ICIs
were searched, six were found to be present namely “I-cell
lymphoma’, ‘mycosis fungoides’, ‘adult T-cell lymphoma/
leukemia’, “T-cell type acute leukemia’, ‘anaplastic large-
cell lymphoma’ and ‘PTCL unspecified’. To compare risk
of T-cell-related neoplasm in ICI treated cases versus cases
treated by all other drugs in the database, a disproportion-
ality signal analysis was conducted using ROR. ROR is a
measure of the magnitude of association between an expo-
sure to a pharmaceutical and odds of a specific outcome
occurring.” It is considered significant when lower limit of
95% CI is >1. We found 12 cases of T-cell-related neoplasm
out of 50445 AEs reported due to ICIs, with incidence of
0.02% (table 1). Seventy-five per cent were men, median
age of the whole cohort was 65 years and 50% were reported
in 2018. Half of the cases were secondary to nivolumab,
followed by pembrolizumab, nivolumab +ipilimumaband
ipilimumab involved in 3, 2 and 1, respectively. Most
common indication for ICI use was lung cancer, followed
by malignant melanoma, Hodgkin disease, oesophageal
carcinoma and renal cancer. Median time to AE was 10.5
months with 17% (2/12) cases with outcome of death.
ROR for ICIs causing T-cell lymphoma was elevated at 1.91
(95% CI 1.08 to 3.37) (online supplementary table 2). The
analysis of FAERS has limitations, this study is retrospective,
actual incidence of T-cell lymphoma post-ICI use cannot
be determined because it is possible not all the events are
reported within FAERS and time of event for all cases was
not available. It is critical that any hypotheses generated by
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Table 1 Review of Food and Drug Administration adverse
events reporting (pharmacovigilance database)

Total adverse events (nivolumab, 50445
pembrolizumab, ipilimumab)
Total T-cell related neoplasm AE 12
Sex
Male 8
Female

Median age, years; no of patients for whom n=9
data was available

Range (minimum/maximum)
CPI used
Nivolumab

65 (51-87)

Pembrolizumab
Nivolumab+ipilimumab

- N W o

Ipilimumab

Indication for CPI use
Lung cancer 5
Malignant melanoma 3
Hodgkin disease 2
Esophageal carcinoma 1
Renal cancer 1

Time to AE, months; no of patients for n=7
whom data were available

Range (minimum/maximum) 10.5 (1.33-121.5)
Outcome
Death
Life threatening
Other outcome
Year event reported
2012
2015
2016
2017
2018
Country where event occurred
USA
Japan

O W =4 a

Hong Kong
Spain
Brazil
Canada

_ O O a W o

AE, adverse event; CPI, checkpoint inhibitor.

using pharmacovigilance databases are validated through
prospective studies.

DISCUSSION
This study reports, to our knowledge, the first report
of secondary malignancy with use of ICIs. We report

a case of PTCL, NOS in a patient where PD-1 inhibitor
was used for undifferentiated carcinoma of epithelial
origin. We also review FAERS database to show increased
reports of incidence of T-cell-related neoplasm with ICIs,
particularly PD-1 inhibitors. TCR signaling on T-cells
expressing PD-1 can be inactivated when engaged by its
ligand PDL-1/2 on tumor cells through PISK pathway.”
Addition of ICI normally overcomes this PD-1-PD-LI-
mediated T-cell anergy and promotes T-cell proliferation
with enhanced antitumor T-cell responses. Wartewig et al’
discovered a previously unknown role of PD-1 of being a
tumor suppressor. They used a syngeneic mouse model of
T-cell lymphoma carrying itk-syk oncogenic driver muta-
tion. In presence of PD-1 expansion of T-cells expressing
itk-syk was diminished, while in absence of PD-1 the
mice (with biallelic PD-1 deletion) had to be euthanized
rapidly due to unregulated expansion and accumulation
of T-cells expressing itk-syk. Next they treated syngeneic
mice with itk-syk oncogenic driver mutation with PD-1
inhibitor and found massive lymphoproliferation and
hyperprogression of lymphoma as in itk-syk carrying mice
with PD-1 deletion. Rapid progression of T-cell ymphoma
has also been described when nivolumab (a PD-1 inhib-
itor) was used for adult T-cell lymphoma.® Another
clinical trial evaluating pembrolizumab for relapsed/
refractory T-cell lymphoma was stopped prematurely due
to futility; at initial restaging scan more than 50% had
disease progression.” T-cell lymphoma as a complication
of ICI treatment for other malignancies has not been
described. Our patient developed TET2-mutated T-cell
lymphoma when pembrolizumab was used to treat the
epithelial tumor, closely resembling the process in the
itk-syk model. We demonstrate this by finding of massive
clonal expansion using the Immunoseq TCR sequencing
that tracks the T-cell clone from the lung biopsy specimen
at very low frequency to the dominant one in the bone
marrow and lymph node. Furthermore, targeted exome
NGS revealed a TET2 mutation in exon 11'" and this
was not detected previously on targeted exome NGS in
the lung specimen. Mutations in TET2 gene have been
reported in higher frequency in T-cell lymphomas," ™"
for example, more than one-third of PTCL-NOS cases
harbor TET2 mutations."” Studies have shown genomic
disruption of TETZ2 alone is not enough for overt onco-
genesis.'” "* Disruption of TET2 can lead to altered differ-
entiation of T-lymphocyte as demonstrated by Fraietta et
al,'® which reported a patient with B cell chronic lympho-
cytic leukemia treated with anti CD19 chimeric antigen
receptor therapy (CAR-T) wherein the CAR-T lentivirus
was randomly integrated into the TET2 gene leading to
disruption on one allele and patient already had exon 11
mutation on second TET2 allele. They show that TET2
mutation affecting exon 11 only leads to hypofunctioning
of gene. They noted that one CAR +T-cells which had this
disruption of TETZ2 gene on both alleles was able to prolif-
erate massively becoming the dominant T-cell clone in
the blood leading to durable remission. TET2 disrupted
CAR +T-cells were even detected in peripheral circulation
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4 years later with concern of patient developing T-cell
malignancy. In our patient, the use of pembroli-
zumab lead to ‘second hit’ with the loss of PD-1 tumor
suppressor function and the clonal proliferation of this
TET2 mutant, culminating in the transformation to the
T-cell lymphoma. The observed clinical phenomenon is
supported by our query into FAERS, which demonstrates
this likelihood of this complication at 0.02%. The ROR
for T-cell lymphoma post-ICI use was increased at 1.91.
T-cell lymphoma post ICI is indeed an emerging but a
rare complication with a relatively high mortality.

CONCLUSION

T-cell lymphoma is a rare complication of ICIs with high
mortality. Long-term follow-up of patients receiving ICls
particularly PD-1 inhibitors is needed.

Twitter Swaminathan lyer @DrSwami_lyer
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