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Homozygous deletion of the HLA-B gene as an acquired-
resistance mechanism to nivolumab in a patient with lung
adenocarcinoma: a case report
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Abstract: Immune checkpoint inhibitors (ICIs) have greatly improved the treatment of advanced non-
small-cell lung cancer, including lung adenocarcinoma (LUAD). Patients treated with ICIs can have long-
term clinical outcomes; however, acquired resistance to ICI therapy has been frequently observed. To date,
little is known about the underlying mechanisms. In this study, we report the case of a male smoker with
metastatic LUAD who initially received multi-line radiotherapy and chemotherapy and achieved stable
disease (SD) for almost 10 years. The patient was treated with nivolumab for about 15 months. However,
the disease later progressed rapidly. A genetic profile of the patient revealed the homozygous deletion of
the human leukocyte antigen (HLA)-B gene, which may have conferred the acquired resistance. Our study
is the first to describe the homozygous deletion of the HLA-B gene as an acquired-resistance mechanism
to programmed cell death protein 1 (PD-1) blockade in a patient with LUAD. This evidence suggests that
tumor cells can selectively lose HLA-A, B, and C to survive under strong immune pressure. This discovery
enriches and develops our understanding of the mechanism of drug resistance in ICI therapy in LUAD.
However, further investigations are urgently needed to be conducted to determine how this resistance can be

overcome.
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Introduction However, the biggest barrier to effective immunotherapy

. . is primary or acquired resistance (3). To maximize the
Lung adenocarcinoma (LUAD) is the most common p Y 4 G)

subtype of non-small cell lung cancer (NSCLC) (1)

and accounts for the majority of cancer-related deaths

clinical benefits of ICI therapy, it is essential to clarify the
mechanism underlying the resistance.

worldwide (2). In recent years, immunotherapy based on Currently, studies have reported that the putative
immune checkpoint inhibitors (ICIs) has greatly improved mechanism of resistance includes variations of functional
the survival of patients with driver gene-negative LUAD. genes and changes in the tumor microenvironment (4).
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Research has shown that the anti-tumor activity of ICIs rely
on CD8+ T cell, MHC-I-dependent immune activity (5-8).
The MHC-I complex comprises a heavy chain encoded
by the HLA-A, -B, and -C genes and a light chain p2-
microglobulin (82M) (9). Mutations in any of the above-
mentioned genes can affect patients’ response to ICI
treatment (10).

Recently, defective HLA-I molecules have been reported
to be associated with immune escape and to be negative
prognostic factors of immunotherapy in multiple cancer
types (8,9,11-16). Rodig er al. found the majority or
complete deletion of the MHC-I membrane was associated
with primary resistance to CTLA-4 in melanoma (17). In
addition, Paulson er 4/. reported that the transcriptional loss
of HLA-I may underlie the acquired resistance to combined
immunotherapies, including ICIs, in metastatic Merkel
cell carcinoma (18). The association between HLA-I
deficiency and immune escape in lung cancer has also been
investigated. McGranahan ez 4/. observed that 40% of
early stage NSCLC showed a HLA loss of heterozygosity
(LOH), which is an immune escape mechanism (12).
Further, using human lung cancer cell lines, Perea et al.
reported that a LOH (with a complete or partial loss of the
HILA-I genes) was the main mechanism underlying HLA-I
variations, and could potentially reduce the clinical efficacy
of immunotherapy in lung cancer (11). In addition, f2M
is the light chain and a component part of the HLA class-I
molecule. Gettinger et 4/. found that the knockout of f2M
gene via clustered regularly interspaced short palindromic
repeats (CRISPR) in a lung cancer mouse model disrupted
HLA-I antigen processing as well as the presentation
machinery, and mediated immune escape from ICIs (19).

However, to date, no research appears to have been
conducted on whether the homozygous deletion of the
HILA-B gene contributes to acquire ICI resistance in LUAD.

In this study, we report the case of a 54-year-old male
patient with LUAD, who is a heavy cigarette smoker. He
initially received multi-line radiotherapy and chemotherapy,
followed by treatment with nivolumab. He achieved stable
disease (SD) for about 15 months after treatment with
the programmed cell death protein 1 (PD-1) inhibitor.
However, the disease later progressed. Next-generation
sequencing (NGS) revealed the homozygous deletion of
the human leukocyte antigen (HHLA)-B gene. To the best
of our knowledge, this is the first study to report on the
homozygous deletion of the HLA-B gene in a patient with
LUAD who developed acquired resistance to the PD-1
blockade. We present the following case in accordance with
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the CARE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3825).

Case presentation

The study conformed to the provisions of the Declaration
of Helsinki (as revised in 2013). This study was approved by
the Ethics Committee of The Fifth Medical Center of the
Chinese PLA General Hospital. Written informed consent
was obtained from the patient for publication of this case
report and accompanying images. A copy of the written
consent is available for review by the editorial office of this
journal.

On November 18, 2011, during a physical examination,
a thoracic computed tomography (CT) scan showed space-
occupying lesions on the left upper pulmonary lobe of a
54-year-old male patient, indicating that the peripheral
lung cancer had metastasized to the mediastinal lymph
node. On November 21, 2011, a thoracic CT at the Cancer
Hospital of Chinese Academy of Medical Sciences revealed
that the lesion was approximately 2.2 cm x 3.2 cm x 5 cm
in size. Spreading to the lymph node was found in the
bilateral mediastinum area 4-6 and the left hilar, and the
shortest diameter was about 2.5 ¢cm. On November 29,
2011, brush cytology and a lymph node biopsy at station 4R
were performed, and adenocarcinoma cells were detected.
Amplification-refractory mutation system and Ventana
assay showed that both the epidermal growth factor
receptor (EGFR) and anaplastic lymphoma kinase (ALK)
mutation, respectively, were negative. The tumor adhered
closely to the aortic arch, which indicated that it may have
invaded the aorta. The final diagnosis was stage I1IB poorly
differentiated LUAD (pT4N3MO).

The patient was then admitted to our department
for local radiotherapy of the bilateral lung, mediastinum
and bilateral supraclavicular lymphatic drainage area. He
was also treated with 90 mg of paclitaxel per week for
sensitization. On January 14, 2012, he underwent docetaxel
plus cisplatin-based chemotherapy for 3 cycles. As suspicious
spreading to the liver was observed, the chemotherapy
regimen was changed to gemcitabine, cisplatin, and endostar
for 2 cycles. In March 2015 and June 2016, chest CT scans
showed the lung lesion was larger. On August 15, 2016,
a positron emission tomography/CT scan showed left
upper lobe nodules, measuring about 2.8 cm x 3.3 cm in
size. The diameter of the supraclavicular lymph node was
approximately 6 mm x 9 mm, indicating that the lung cancer
was still active; however, there was no evidence of metastasis
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Figure 1 Dynamic CT imaging of pulmonary lesions at multiple time points. The red arrow indicates the lesion in the left lung, while the
yellow arrows indicate the metastatic lesions and pleural effusions in the right lung. No metastasis in the right lung was detected before

resistance to nivolumab; however, after resistance to nivolumab, the metastasis in the right lung increased greatly, and bilateral effusion,

especially right pleural effusion, developed.

Figure 2 Pathology of tumor tissues from the right lung revealed
poorly differentiated adenocarcinoma. Hematoxylin-eosin staining,

magnification: x200.

to other regions. The peripheral blood circulating tumor
cell was 11.15 FU/3 mL (reference range: 0-8.7 FU/3 mL).
From May 2017, the patient received 2 cycles of pemetrexed
disodium plus cisplatin. On March 22, 2019, a thoracic CT
scan showed that the tumor was larger, indicating progressive
disease (PD). From March 19, 2019 to December 15, 2019,
the patient received combination therapy of pemetrexed
disodium plus nivolumab, and the disease was evaluated as
SD (see Figure I).

Due to COVID-19, the patient was treated with
nivolumab monotherapy for maintenance until June 2020
at a local hospital. In June 2020, due to the interstitial
changes in the right lung and a suspicion that these changes
were caused by immune-related adverse events, the patient
was taken off nivolumab and began hormone therapy. As
the lesion in the right lung progressed, on December 9,
2020 an ultrasound-guided needle biopsy of the lesion
in the right lung was performed to clarify the nature of
the lesion. The pathology results confirmed a diagnosis
of poorly differentiated adenocarcinoma (see Figure 2).
Immunohistochemical (IHC) staining revealed that the
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tumor tissues were positive for cytokeratin 8/18, thyroid
transcription factor-1, Ki-67 30%), MLH1, MSH2, MSH 6
and PMS2, but negative for P40, CD56 or synaptophysin.
The disease was evaluated as PD.

On December 21, 2020 and January 12, 2021, the patient
received chemotherapy with albumin-bound paclitaxel and
lobaplatin twice. Due to tightness in the chest and shortness
of breath when lying down, pleural effusion drainage and
intrapleural perfusion with lobaplatin plus endostar were
performed. A chest CT scan revealed multiple nodules and
mass shadows in both lungs, which suggested metastasis.
The lesion in the right upper lobe of the lung was more
progressive than before. Further, moderate pericardial
effusion and bilateral effusion, especially right pleural
effusion, were detected, indicating disease progression (see
Figure I). From February 3, 2020, the patient was placed
on irinotecan and achieved SD, but without any obvious
improvement. Figure 3 details the course of treatment.

To evaluate potential therapeutic strategies, on
December 11, 2020, NGS through a pan-cancer
599-gene panel [ChosenOne599, ChosenMed Technology
(Beijing) Co. Ltd, Beijing, China] was performed, and the
results revealed a high tumor mutational burden (TMB-H,
21.48 Muts/Mb) and high microsatellite instability (MSI-H).
Notably, the homozygous deletion of the HLA-B gene was
observed (see Table 1 and Figure 4).

Discussion

Currently, our understanding of the mechanism underlying
the primary and acquired resistance to ICI therapy
in LUAD is limited. In this study, we identified the
homozygous deletion of the HLA-B gene in a patient with
LUAD who developed an acquired resistance to nivolumab.
This study is the first one to report on the homozygous
deletion of the HLA-B gene as an acquired-resistance
mechanism to the PD-1 inhibitor in LUAD.
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Figure 3 Course of treatment. PD, progressive disease; SD, stable disease.

Table 1 Genomic profile of the patient

Albumin-
Paclitaxel

Lobaplatin

—_—

Dec.
21,
2020

PD

and

Mutant allele frequency/

Gene Transcript Exon Nucleotide change Alteration copy number (%) Medication guides
CDKN2A NM_058195 1 c.193+2T>A 35.30
CHD4 NM_001273 4 €.430_432dup p.D144dup 6.29
EPHB1 NM_004441 15 ¢.2714G>T p.R905L 13.60
GLI1 NM_005269 10  ¢.1255G>T p.E419* 11.20
KIT NM_000222 14 ¢c.21177>C p.L706P 48.10
MST1 NM_020998 8 c.881C>G p.T294S 6.30
MST1 NM_020998 7 c.781G>C p.E261Q 17.90
NKX31 NM_006167 2 c.425A>C p.K142T 3.50
NTHL1 NM_002528 2 ¢.374dup p.V127fs 55.20
NTRK1 NM_001012331 12 c.1513G>A p.V505M 37.30
PIK3C3 NM_002647 2 c.142G>A p.G48R 13.40
PPP2R2A NM_001177591 6 ¢.575C>G p.S192* 22.60
PRKN NM_004562 12 ¢.1372A>C p.M458L 58.40
RBM10 M_005676 12 c.1248+1G>A 27.60
RFWD2 NM_001286644 15 ¢.1232A>G p.N411S 53.00
SESN3 NM_144665 6 c.877G>C p.E293Q 8.30
SMARCA4  NM_001128849 4 C.742A>G p.N248D 49.20
SPEN NM_015001 11 €.4073_4077del p.S1358fs 12.00
STAG2 NM_001042749 6 c.367C>T p.Q123* 18.80
ZFHX3 NM_006885 10  ¢.9584C>T p.P3195L 2.00
HLA-B Loss 0 Possible resistance to

ICls

The patient in the present study achieved SD after
receiving nivolumab for approximately 15 months.

However, metastasis to the right lung was subsequently

discovered. The NGS revealed a TMB-H and MSI-H.
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Additionally, IHC staining revealed the positive expression
of PD-L1. Together, these results indicated that the patient
should be sensitive to ICIs. However, the finding that
the gene copy number of the HLA-B was 0 in the patient
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Figure 4 Loss of the HLA-B gene illustrated by NGS in the patient. There was no deletion of the HLA-A (A) or HLA-C gene (C), but the
loss of the HLA-B gene was detected in the patient by NGS (B). NGS, next-generation sequencing.

negated all the above favorable indicators. HLA-B is an
essential component of the MHC-I complex. In the present
case, the homozygous deletion of the HLA-B gene led to
defective HLA-I molecules, abnormal antigen processing
and aberrant antigen presentation to CD8+ cells. The other
mutations observed in this patient, such as the CDKN24,
CHD4, and EPHBI mutations, have not yet been reported
to be related to ICI resistance; thus, the homozygous
deletion of the HLA-B gene conferred a resistance to
nivolumab in this patient. This is consistent with the
discovery of Perea et al. that HLA-I loss was related to a
greatly decreased density of immune infiltration (11).

Most human cells contain two sets of HLA genes; one of
which is inherited from the mother, and the other, from the
father. HLA LOH refers to the complete or partial deletion
of the paternal or maternal HLA haplotype (12). Previous
research has reported that HLA LOH is the most common
mechanism of HLA haplotype absence in malignancies. Yan
et al. discovered that the resistance to ICIs by HLA LOH
could be reversed by a low-dose decitabine with PD-1
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inhibitors. It may be that histone deacetylase inhibitors
increase the expression of MHC and tumor antigen, and
enhance the infiltration of CD8+, CD4+, and IFNy+ T
cells (13-16,20). However, in our study, we observed the
homozygous deletion of the HLA-B gene; thus, low-dose
decitabine combination with PD-1 inhibitors might not work.

Our findings indicate that tumor cells can selectively lose
HLA-A, B and C genes to survive under strong immune
pressure. Further, our results provide additional evidence that
abnormal antigen processing and presentation contribute
to the acquired resistance to ICIs in LUAD. This discovery
enriches and develops current understandings of the
mechanism of drug resistance in immunotherapy in LUAD.

Additionally, IHC staining showed proficient mismatch
repair in the patient, while NGS revealed that the patient
harbored MSI-H, which is very rare in lung cancer.
Thus, NGS effectively detected the unstable state of
microsatellites, which greatly made up for the shortcomings
of traditional detection methods.

A limitation of this study is that no effective therapeutic
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strategy was found to address the acquired resistance.

Conclusions

"This study is the first to report on the homozygous deletion
of the HLA-B gene arising from an acquired-resistance
mechanism to the PD-1 blockade in a patient with LUAD.
Further investigations urgently need to be conducted to
determine how this resistance can be overcome.
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