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Despite the significant success of immune checkpoint blockade therapy in advanced non-small-cell lung
cancer compared with chemotherapy, efficacy varies greatly across patients, and acquired resistance fre-
quently occurs. In particular, during immunotherapy, the dynamic changes in molecular events have not
been characterized. The authors report a case of squamous cell lung carcinoma with renal metastasis,
treated with pembrolizumab, in which the primary tumor and rare renal metastases showed different
responses. Using whole-exome sequencing, the authors found loss of heterogeneity in HLA genes in all
tumors and high levels of intratumor heterogeneity in metastases. The increased levels of HLA loss led to
therapy resistance during tumor evolution. In addition to tumor mutational burden and PD-L1, HLA loss of
heterozygosity and intratumor heterogeneity should be taken into consideration during immunotherapy.
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Non-small-cell lung cancer (NSCLC) is a malignant neoplasm with high incidence and mortality in China [1].
Squamous cell lung carcinoma is a common type of NSCLC. Renal metastasis has been documented in a few
clinical cases [2,3]. Immune checkpoint blockade, including PD-1, PD-L1 and cytotoxic T-lymphocyte-associated
antigen 4, has shown favorable outcomes in the treatment of advanced NSCLC compared with chemotherapy [4,5].
Pembrolizumab, an anti-PD-1 blockade agent, was approved by the US FDA for the treatment of patients with
metastatic NSCLC in 2016.

However, only a subset of patients derive durable clinical benefit with immune checkpoint blockade, and the
majority of patients eventually show resistance to therapy after an initial response. Studies on the mechanisms
for the acquisition of resistance to immune checkpoint blockade remain limited. The occurrence of HLA loss of
heterozygosity (LOH), meaning the disruption of the ability to present neoantigens, is considered one pattern of
immune evasion [6,7]. It has been reported that HLA LOH occurs in 40% of cases of early-stage NSCLC and more
frequently than HLA or B2M mutations [6]. However, whether the presence of HLA LOH leads to resistance to
immune checkpoint blockade and how to change the HLA allele-specific copy number under immune pressure
remain uncertain.

In this study, the authors report the case of a treatment-naive patient with squamous cell lung carcinoma and
renal metastasis who experienced complete disease remission in the primary tumor but tumor progression in the
metastatic tumor after initial response to treatment with anti-PD-1 monotherapy (pembrolizumab). The authors
performed a genomic analysis using paired whole-exome sequencing data to deeply explore the mechanism of
acquired resistance to PD-1 blockade in metastatic tumors.
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Figure 1. Clinical therapeutic responses of the patient. (A) Chronological schema of treatments. (B) CT images of the
response during treatment.
CR: Complete response; CT: Computed tomography; PD: Progressive disease; PR: Partial response; Q3w: Every 3 weeks;
SD: Stable disease.

Case presentation
A 75-year-old man was admitted to the hospital in December 2016 for low back pain with a numerical rating scale
score of 5. The patient was a smoker with no family history of cancer. Chest and abdominal computed tomography
(CT) showed a mass in the upper lobe of the right lung (22.1 × 13.6 mm) and scattered nodules and a spherical
mass in the right kidney (52.2 × 43.9 mm) (Figure 1). No other mass or lymph node enlargement was found.
The patient received percutaneous CT-guided right lung mass biopsy and percutaneous ultrasound-guided right
renal mass biopsy. Pathological analysis showed stage IV (cT4N0 M1a) squamous cell lung carcinoma (pulmonary
tumor [P]) and metastatic squamous cell renal carcinoma (M1) (Figure 2A & B). Immunohistochemical staining
of P showed positive CK7, P40, CK5/6 and TTF-1; Ki-67 index of 40%; and negative napsin A, Syn and CD56.
The serum tumor markers found included carcinoembryonic antigen at 17.33 ng/ml (normal range: 0–3.4 ng/ml),
neuron-specific enolase at 13.30 ng/ml (normal range: 0–12.5 ng/ml) and CYFRA21-1 at 19.84 ng/ml (normal
range: 0–3.3 ng/ml). Molecular analyses of EGFR and ALK revealed no mutation.
The renal focus was a single metastatic focus with symptoms of low back pain. Surgical resection of renal metastases or
local radiotherapy and postoperative chemotherapy may bring the best survival benefits for patients [8–10]. Clinically,
the patient firmly refused surgery, radiotherapy and chemotherapy and asked for palliative treatment. Considering
the small side effects of immunotherapy, long-lasting efficacy and approval by the FDA [11], the expression of PD-L1
was detected. The PD-L1 expression level was 5 and 3% in P and renal tumors (M1), respectively (Figure 2C &
D). Immunotherapy was chosen to meet the patient’s wishes and improve his quality of life and survival. After
a multidisciplinary panel meeting, the patient received two cycles of pembrolizumab (2 mg/kg every 3 weeks)
immunotherapy from January to February 2017. The only side effect during this period was two episodes of
hematuria. Symptoms of low back pain were significantly relieved, the numerical rating scale score was 2 and
no painkillers were taken. At the end of February 2017, a CT scan of the chest and abdomen showed that P
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Figure 2. Pathological features of the
patient. HE staining (×200) of (A) pulmonary
tumor (P) and (B) renal metastasis (M1). PD-L1
staining (×400) of (C) P and (D) M1.
HE: Hematoxylin and eosin.

was significantly reduced in size, and the standard curative effect evaluation of RECIST 1.1 showed a partial
response. M1 were slightly reduced in size, and the curative effect was evaluated as stable disease (Figure 1B). The
patient continued to receive immunotherapy, and his condition was evaluated by CT scan every two cycles. P
decreased gradually until it disappeared, and the best curative effect was complete response.

M1 remained stable until 30 weeks later, when tumor invaded the right psoas major muscle (Figure 1B). At
the same time, symptoms of low back pain were aggravated, and the numerical rating scale pain score was 7.
It was suggested that disease progression and immunotherapy should be discontinued. To determine the next
treatment plan and find the cause of drug resistance in immunotherapy, the patient underwent metastatic renal
biopsy (M2) again, and the pathology suggested cancer. All three tumor biopsies, P, M1 and M2, were further sent
for whole-exome sequencing as previously described [12]. The authors first compared the mutations of the three
lesions and constructed a phylogenetic tree using PyClone (Figure 3A & B) [13]. The results confirmed the tumor
evolution process of P to M1 and M1 to M2 (Figure 3A). The tumor mutational burden (TMB) values were 6.0
muts/Mb, 15.2 muts/Mb and 6.8 muts/Mb, respectively (Figure 3C). No reported therapy-resistant mutations
were detected. However, all lesions had LOH in HLA-I alleles HLA-A*02:06, HLA-B*51:02 and HLA-C*15:01.
By inferring the clonality of HLA LOH [1], it was possible to determine that clonal LOH events occurred at the early
stage of tumor evolution, which might lead to tumor initiation and immune escape (Figure 3B). In particular, M2
harbored subclonal loss in the remaining three HLA-I alleles, HLA-A*24:02, HLA-B*57:01 and HLA-C*06:02,
further contributing to therapy resistance (Figure 3B). After a multidisciplinary panel meeting, pembrolizumab
was withdrawn because of immune evasion. The patient still refused radiotherapy and chemotherapy and asked for
symptomatic treatment. The patient was administered symptomatic treatment, including pain relief, nutritional
support and psychological comfort. Unfortunately, the patient died 5 months later. To better understand the
potential mechanism of therapy resistance, the authors calculated the HLA-corrected TMB [14] and intratumor
heterogeneity (ITH), defined as the ratio of subclonal mutations to all mutations (Figure 3C & D). Compared with
the primary tumor, metastases M1 and M2 displayed larger decreases in HLA-corrected TMB and higher levels of
ITH.

Discussion
Squamous cell carcinoma of the lung is a subtype of NSCLC that can metastasize to multiple organs. Radiotherapy
and chemotherapy are the first choice for late NSCLC with negative driving genes. Renal metastasis has been
documented in a few clinical cases, although it is not uncommon in clinical practice [15,16]. However, isolated
metastases to the kidney are extremely rare, and there is still a lack of prospective studies. At present, the treatment
of metastatic lesions in the kidney is still controversial. Previous case studies have shown that both radiotherapy
and surgery have advantages [10,15]. This patient refused these treatments until his death because of the trauma
of surgery and the toxic side effects of radiotherapy and chemotherapy. As a new treatment, immunotherapy
mainly strengthens the immunity of the body to resist tumors. Compared with radiotherapy and chemotherapy,
immunotherapy has fewer side effects and longer lasting benefits [17]. There is no significant difference in efficacy
within the dose range of 2 to 10 mg/kg, but dose will affect the incidence of adverse reactions [18]. Therefore,
the authors chose the treatment of pembrolizumab (2 mg/kg every 3 weeks). The patient had one occurrence of
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Figure 3. Genetic features of the patient. (A) Venn diagram of mutations detected in P, M1 and M2. (B) Phylogenetic
tree and loss of HLA genes. Clones are indicated as clonal (blue) and subclonal (red). (C) Levels of TMB of P, M1 and
M2. (D) Levels of intratumor heterogeneity of P, M1 and M2.
TMB: Tumor mutational burden.

hematuria after each of the first two treatments, which may have been a side effect of the drug or a therapeutic
reaction, both of which were acceptable to the patient.

It has been reported that HLA LOH is a common method of immune escape, especially in lung cancer [6]. The loss
of HLA genes may explain why M1 with PD-L1 expression ≥1% and TMB of 15.2 muts/Mb did not respond to
pembrolizumab monotherapy. It also demonstrated the defect of TMB as a biomarker for immunotherapy, and even
monotherapy. A recent study showed that HLA-corrected TMB showed better predictive power than conventional
TMB [14]. Using this method, the corrected TMB of P, M1 and M2 was 3.85 muts/Mb, 5.25 muts/Mb and 0
muts/Mb, respectively (Figure 3C). The rise of HLA LOH is usually accompanied by an increase in subclonal
mutations, resulting in an increase in ITH. Increased TMB after HLA LOH might make little contribution to the
response to immunotherapy because of the lack of neoantigen processing and low cancer cell fraction. Previous
studies have demonstrated that low ITH is associated with a better response to immunotherapy [19–21 . The ITH
of the patient’s three tumors showed that ITH values increased during the tumor evolution process (Figure 3D).
The combination of HLA-corrected TMB and ITH of M1 might partly explain the failure of pembrolizumab
monotherapy. Considering the relevance of HLA LOH and increased ITH, it is reasonable to consider the influence
of ITH on TMB calculation.

There were also limitations in the authors’ study. It would be informative to evaluate the tumor immune
microenvironment and ITH by using anti-CD8 and/or anti-CD3 monoclonal antibodies. At the same time,
increasing the staining data of HLA-I staining and B2M staining was helpful in confirming the lack of expression
of HLA-I in M2. The aforementioned experiments could add to the discussion regarding ITH and the immune
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microenvironment. Unfortunately, the tumor tissue the authors obtained in each mass biopsy sample was limited.
The loss of class I HLA genes may trigger the drug resistance of pembrolizumab, but it cannot rule out the influence
of the immune microenvironment, T-cell function and other factors. Hence, expanded cohorts are needed to
explore the influence of ITH on TMB and changes in the tumor microenvironment after HLA LOH occurs.

Conclusion
The authors have reported the case of a squamous cell lung cancer patient with discordant responses to pem-
brolizumab in primary and metastatic tumors. The primary tumor achieved complete response shortly after
therapy, whereas the renal metastasis developed progressive disease. The results of this case analysis showed that in-
creased levels of HLA LOH and ITH in metastasis might lead to drug resistance and failure of treatment even with
high levels of TMB and expression of PD-L1. Hence, except for TMB and PD-L1, HLA LOH and ITH should
be taken into consideration during immunotherapy.

Future perspective
At present, immunotherapy is widely used in first-line treatment of lung cancer, and the phenomenon of immune
tolerance and immune evasion is very noteworthy during treatment. Some mechanisms of drug resistance and
evasion have also been found, such as the loss of HLA heterozygosity. In this squamous cell lung carcinoma patient
with rare renal metastasis, the response of the primary and metastatic lesions to immunotherapy was inconsistent.
Using next-generation sequencing technology, the authors found that immune-related features, such as HLA and
ITH, in the metastatic lesions were inconsistent with those in the primary lesion. The loss of HLA heterozygosity
and high ITH are characteristic of immune evasion. This case suggests that immunotherapy not only needs
comprehensive immune marker determination but also needs more detailed detection and evaluation for patients
with multiple lesions and metastases. We still have much work to do in immunotherapy.

Executive summary

• The efficacy of immune checkpoint blockade therapy in advanced non-small-cell lung cancer varies greatly across
patients, and acquired resistance frequently occurs.

• The authors report a case in which a squamous cell lung cancer patient displayed a discordant response to
immunotherapy between the primary tumor (complete response) and the metastatic tumors (progressive disease).

• HLA loss of heterozygosity (LOH) occurred in the primary tumor, and the HLA genes were totally lost in the
metastatic tumors after immunotherapy, indicating that HLA LOH was the potential mechanism of drug
resistance.

• Tumor mutational burden increased dramatically in the metastatic tumors, accompanied by an increase in
intratumor heterogeneity. Although the metastatic tumors showed tumor mutational burden-high, most
mutations were subclonal and may not have contributed to the neoantigen because of HLA LOH.

• In addition to tumor mutational burden, HLA LOH and intratumor heterogeneity should be taken into
consideration with immunotherapy, and biomarkers should be detected not only in primary tumors but also in
metastatic tumors.
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