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Clinical Question Box
Can allogeneic invariant natural killer T (iNKT) cell-based immunotherapy achieve
durable remission in an human immunodeficiency virus (HIV)-positive patient with

recurrent lung adenocarcinoma?

This case suggests that allogeneic iNKT cell-based immunotherapy may be a safe and
promising treatment option for selected HIV-positive patients withorecurrent lung
adenocarcinoma. In this patient, gefitinib was discontinued due to adverse events, and
clinicians then administered four cycles of allogeneic iNKT cells combined. with
dendritic cells (DCs). The treatment was well tolerated and caused only grade 1-2
adverse events. The patient achieved complete tumor remission that lasted more than 6
years after treatment interruption. These findings suggest that iNKT cell-based therapy
may provide durable antitumor immune control in HIV-associated malignancy,
although larger studies are needed to confirm its efficacy and clarify the underlying

mechanisms.
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Abstract

Background: The intersection of HIV infection and cancer presents unique therapeutic
challenges because of immune dysfunction and the aggressive clinical behavior of
malignancies in this population. We report a case of durable tumor remission after
interruption of allogeneic iNKT cell-based immunotherapy in a patient with HIV
infection and concurrent lung adenocarcinoma who was enrolled in a single-arm
exploratory clinical trial (NCT03093688). Case Presentation: The patient was a 47-
year-old woman who developed recurrent lung adenocarcinoma after surgery.
Clinicians administered gefitinib as initial therapy due to the presence of an EGFR
L858R mutation, but they discontinued treatment because of adverse events. The
patient then received allogeneic iNKT cells and DCs every 3-5 weeks, with each
infusion defined as one treatment cycle. She completed four cycles and experienced
only grade 1-2 adverse events. Remarkably, she has remained in complete tumor
remission for more than 6 years after treatment interruption, with no evidence of disease
progression or significant immune-related adverse events. Conclusion: This case
highlights the potential of allogeneic iINKT cell-based immunotherapy to achieve long-
term tumor remission in HIV-positive patients with advanced lung adenocarcinoma.
Further studies are needed to_clarify the mechanisms that underlie sustained tumor

remission.

Keywords Allogeneic immunotherapy; HIV-associated malignancies; invariant natural
killer T cells; long-term remission, case report

Trial registration Number: NCT03093688
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Background

The coexistence of HIV and cancer presents significant treatment challenges
because of immune compromise and the aggressive nature of malignancies in this
population!. People living with HIV (PLWH) face a significantly increased risk of
developing lung adenocarcinoma, with epidemiological studies suggesting a 1.5- to 3-
fold higher incidence than in the general population, even after adjustment for smoking
exposure and antiretroviral therapy (ART) status®*. This increased susceptibility is
attributed to chronic immune dysregulation, persistent inflammation, and accelerated
immune senescence in HIV infection’. Despite advances in ART, HIV-associated
malignancies remain a leading cause of mortality in this population, which highlights
the urgent need for tailored therapeutic strategies.

Conventional treatments for lung adenocarcinoma in PLWH, including
chemotherapy and radiotherapy, may be limited by cumulative toxicities, potential
drug—drug interactions with ART, underlying immune dysfunction, and compromised
bone marrow reserve®’. Althoughimmune checkpoint inhibitors (ICIs) have
transformed the treatment of solid tumors, their clinical benefit in PLWH remains
incompletely defined because this population has been underrepresented in pivotal
trials®. Available prospective and real-world data suggest that ICIs are generally feasible
and safe in selected PLWH, particularly those with controlled HIV infection. However,
responses may vary across tumor types and immune contexts and may reflect HIV-
associated immune dysregulation, T-cell exhaustion, altered checkpoint expression,
impaired antitumor immunity, and distinct tumor microenvironmental features.”!°

Emerging evidence supports the therapeutic potential of iNKT cells, which bridge
innate and adaptive immunity through the recognition of lipid antigens presented by
CDI1d'"". INKT cells exhibit antitumor and antiviral functions through direct
cytotoxicity against CDI1d-expressing target cells and rapid cytokine secretion,
including IFN-y. This response promotes DC activation and drives downstream
antigen-specific immune responses!'!"!3, Allogeneic iNKT cell-based immunotherapy
may represent a novel strategy to induce durable remission in this high-risk population.

Here, we report a case of sustained tumor remission lasting more than 6 years after
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allogeneic iNKT cell-based immunotherapy in a patient with HIV and concurrent lung
adenocarcinoma.
Case Presentation

An Asian female patient, born in 1972, was diagnosed with HIV in 2012 and has
remained on highly active ART with well-controlled disease. A physical examination
and computed tomography (CT) scan identified a nodule in the posterior segment of
the left upper lobe that was highly suggestive of malignancy. She underwent
thoracoscopic wedge resection of the posterior segment of the left upper lobe at
Shanghai Public Health Clinical Centre on December 4, 2018. Postoperative pathology
confirmed adenocarcinoma with an EGFR mutation of exon 21 L858R. The tumor was
classified as TIbNOMO, stage IA. Postoperative evaluation revealed a new nodule in
the anterior segment of the left upper lobe. Biopsy showed histopathological similarity
to the initial surgical specimen and the same EGFR exon 21 L858R mutation,
supporting recurrence of the primary lung cancer. However, because molecular
clonality analysis was not performed, synchronous multifocal primary adenocarcinoma
or residual disease could not be completely excluded. Accordingly, clinicians initiated
postoperative gefitinib-targeted therapy for the residual lesion. However, after more
than 10 days of treatment, the patient chose to discontinue oral gefitinib due to
intolerable adverse effects, including panic, dizziness, nausea, and vomiting. The
patient then enrolled in this clinical trial for further treatment (Figure 1).

The patient received allogeneic iNKT cell immunotherapy from her son, consisting
of four planned cycles from January 3, 2019, to June 7, 2019. Each cycle included two
intravenous«iNKT cell infusions administered on day 1 and day 4, with a cell dose of 1
x 10°-5 x 10? per infusion. The interval between consecutive cycles was 3—5 weeks
(Figure 2). The four-cycle schedule followed the original treatment plan and was
selected based on clinical feasibility and prior experience with repeated NKT/iNKT-
cell-based immunotherapy protocols, rather than patient-specific PK/PD data'#!>, HLA
typing was not performed because it was not required for donor selection in the original
protocol; this was based on the rationale that iNKT cells recognize lipid antigens

presented by the non-classical MHC class I-like molecule CD1d, rather than classical
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HLA-restricted peptide antigens!S,

Researchers expanded allogeneic iNKT cells in vitro using a patented method
(State Intellectual Property Office of the P.R.C., number CN201611031666.9). They
used Ficoll to isolate peripheral blood mononuclear cells (PBMCs) from each patient’s
peripheral blood. They seeded PBMCs (2x107) in 6-well plates with 100 ng/mL
KRN7000 (Funakoshi, KRN7000, Japan) in X-VIVO culture medium (Lonza, 04418Q,
USA). The cells were cultured at 37°C in a humidified atmosphere with 5% CO2 for 1
week. IL-7 (20 ng/mL, R&D, 207-GMP-01M, USA) and IL-2 (100IU/mL, R&D, 202-
GMP-01M, USA) were added separately to the culture medium. Allogeneic DCs loaded
with KRN7000 were added weekly. IL-15 (20 ng/mL, R&D, 247-GMP-01M, USA)
was added one week before harvest, and IL-12 (20 ng/mL, R&D, 219-GMP-01M, USA)
was added one day before harvest. Finally, the cells were harvested, washed four times,
and resuspended in 250 mL of normal saline.

Quality control included analysis of sterility, viability, and cell purity during the
culture period. Sterility testing confirmedan endotoxin level <0.5 EU/mL and showed
no mycoplasma contamination. Viability exceeded 80%, and purity was determined by
flow cytometry. Allogeneic iNKT cells were identified by expression of the invariant
Va24Jal8 antigen receptor, a unique marker for these cells, paired with Vf11.
Researchers used allogeneic DCs pulsed with alpha-GalCer to restimulate iNKT cells
for long-term ‘culture!”. They assessed functional activity by measuring the cytokine
profile (IFN-y and TL-4) after in vitro expansion using flow cytometry.

Independent central review assessed objective response using the Response
Evaluation «Criteria in Solid Tumors version 1.1 (RECIST vl.1), and safety was
evaluated according to the Common Terminology Criteria for Adverse Events version
5.0 (CTCAE v5.0). Compared with the pre-immunotherapy assessment, CT showed a
partial response according to RECIST vl1.1 (Figure 1). Serum tumor marker levels
remained largely stable. The previously elevated CA125 and CA19-9 levels decreased
to within the normal range (Figure 3). Body weight remained stable throughout the
observation period.

The patient developed grade 1-2 fever within 24 hours after iNKT cell infusion.
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There was no evidence of cytokine release syndrome or graft-versus-host disease
(GVHD). HIV viral load remained undetectable at <20 copies/mL, and CD4+ T-cell
counts stayed stable at =500 cells/ 1 L, with no viral rebound. Peripheral blood
analysis after treatment showed an increase in CD8+ cytotoxic T-cell populations and
recovery of the CD4/CDS ratio from 0.5 to 1.2. According to RECIST vl.1, the patient
achieved partial tumor regression, with a 30% reduction in target lesions within 3
months, followed by durable disease control.

Clinicians performed serial imaging every 3 months during the first 2 years and
every 2 years thereafter. Imaging showed no radiologic evidence of disease progression.
Progression-free survival exceeded 6 years after treatment discontinuation, and overall
survival remained ongoing more than 6 years from the initial diagnosis. At the 6-year
follow-up, the patient remained in durable tumor «emission, with no evidence of
residual or recurrent disease.

Discussion

This case highlights the potential of allogeneic iNKT cell-based immunotherapy to
induce durable tumor control in.a patient witht HIV and recurrent lung adenocarcinoma,
without compromising virologic suppression or immune stability. Sustained remission
for more than 6 years, along with the absence of cytokine release syndrome, GVHD, or
HIV rebound, suggests that this approach may represent a feasible and safe
immunotherapeutic strategy for selected PLWH with solid tumors. Unlike conventional
T-cell-based approaches, such as tumor-infiltrating lymphocyte (TIL) or TCR-
engineered T-cell therapies, which depend on antigen presentation through intact
HLA/MHC«machinery, iNKT cells recognize lipid antigens presented by the non-
polymorphic CD1d molecule and can mediate antitumor activity in an MHC-
independent manner. In addition, iNKT cells are associated with a low risk of GVHD,
which supports their potential use as an allogeneic, off-the-shelf cellular therapy
platform!8,

This case supports the hypothesis that iNKT-cell therapy may contribute to tumor
control through both direct and indirect immune mechanisms. However, because CD1d

expression on the lung tumor cells was not assessed, direct CD1d-dependent tumor
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recognition cannot be confirmed. Beyond possible direct cytotoxicity against CD1d-
expressing tumor cells, iNKT cells may promote antitumor immunity by producing
IFN-y, activating dendritic cells, and enhancing endogenous NK-cell and CD8* T-cell
responses. These effects may help restore systemic immune surveillance and support
durable tumor suppression, particularly in the setting of controlled HIV infection.
Nevertheless, the precise mechanism remains uncertain because cytokine dynamics,
iNKT-cell persistence, and immune activation markers were not systematically
evaluated.

First, iNKT cells can exert direct antitumor cytotoxicity. They recognize. lipid
antigens presented by CD1d and can directly kill CD1d-expressing tumor cells. In lung
cancer models, induction of CD1d expression has been shown to sensitize tumor cells
to iNKT cell-mediated killing!2. Second, iNKT cells ¢can enhance antigen presentation.
Upon activation, they secrete pro-inflammatory cytokines, including IFN-y, and
promote IL-12 production by DCs, which enhances DC maturation and antigen-
presenting capacity!®. This interaction may facilitate DC-mediated cross-presentation
of HIV antigens and connect innate and adaptive immune responses against both tumor
cells and viral reservoirs. Third, iNKT cells act through an MHC-independent pathway.
Because iNKT cell activation depends on CD1d-presented lipid antigens rather than
classical MHC molecules, this mechanism may be advantageous in PLWH, in whom
conventional ‘€CD4+ T cell-mediated immunity may be compromised®®. These
mechanisms may help restore immune surveillance and support the development of a
durable feedback loop between innate and adaptive immunity. The absence of relapse
after treatment interruption suggests that the patient reached a threshold of immune
competence that enabled sustained control of both malignancy and viral replication.
This dual “kill-and-prime” activity may explain the persistent antitumor and antiviral
effects observed after discontinuation of iNKT cell-based therapy.

HLA typing was not performed in this case, donor-recipient HLA compatibility
may still be relevant to the interpretation of allogeneic iNKT-cell therapy. HLA
disparity could theoretically promote host-versus-graft immune responses, potentially

limiting the persistence, engraftment, or functional duration of infused donor-derived
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iNKT cells?!'. Conversely, greater donor—recipient HLA similarity may reduce immune-
mediated rejection and support longer persistence or antitumor activity. Therefore, the
absence of HLA typing, donor-specific antibody assessment, and longitudinal iNKT-
cell persistence monitoring represents an important limitation of this report. Future
studies should incorporate donor-recipient HLA typing together with immune
monitoring and persistence/chimerism analyses to clarify how HLA compatibility
influences the safety and efficacy of allogeneic iNKT-cell therapy.

Although CAR T-cell therapies have achieved remarkable success in hematologic
malignancies, their efficacy in solid tumors remains limited because of antigen
heterogeneity, poor tumor trafficking, T-cell exhaustion, and an immunosuppressive
tumor microenvironment?>?3, Similarly, TIL therapy relies. on the  presence and
expansion of functional tumor-reactive T cells, which. may be impaired in PLWH due
to chronic immune dysregulation and T-cell exhaustion?*. Recent studies of CAR T-cell
approaches in HIV-associated settings have shown biological activity against HIV
reservoirs, including reductions in cellassociated HIV RNA or intact proviral DNA and
delayed viral rebound during. analytic treatment interruption'®. However, durable
virologic control and sustained tumor control in HIV-associated malignancies remain
incompletely established?>2¢.

iINKT- and CAR-INKT/CAR-NKT-based therapies may provide a complementary
immunotherapeutic strategy. Recent studies have shown that allogeneic HSC/HSPC-
derived iNKT or CAR-NKT cells can be generated as scalable off-the-shelf products
with high . expansion capacity, preserved iNKT-cell functionality, and low
alloreactivity/GVHD potential'®?’. These platforms have demonstrated antitumor
activity in hematologic malignancy models, including AML/MDS, and in multiple solid
tumor models, including ovarian cancer, triple-negative breast cancer, and pancreatic
cancer?®-3°, Importantly, allogeneic CAR-NKT cells may retain endogenous iNKT-cell
properties, including tumor infiltration, cytokine secretion, NK-like cytotoxicity, and
modulation of the tumor immune microenvironment, while also gaining CAR-mediated
antigen specificity®®3!. These findings support the broader translational potential of

allogeneic iNKT-based immunotherapy, although its clinical efficacy, persistence, and
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safety in HIV-positive patients with lung cancer remain to be defined.

This case report has several limitations. First, as a single-patient observation, it
cannot establish a causal relationship between iNKT-cell therapy and the patient’s long-
term favorable outcome. Complete surgical resection of stage IA EGFR-mutated lung
adenocarcinoma may have substantially contributed to disease control, and the lack of
comprehensive molecular clonality analysis prevents definitive exclusion of
synchronous multifocal primary adenocarcinoma or residual postoperative disease.
Second, immune monitoring was limited to routine clinical parameters; comprehensive
longitudinal analyses, including cytokine profiling, iNKT-cell persistence or chimerism
assessment, and immune activation/exhaustion markers, were  not performed.
Dedicated PK/PD analyses were also unavailable, limiting assessment of the
relationship among repeated administration, in vivo persistence, immune remodeling,
and clinical efficacy. Third, the durable remission observed in this case should be
interpreted cautiously, and prospective studies with appropriate controls, standardized
disease monitoring, predefined immune correlates, and persistence analyses are needed
to clarify the therapeutic contribution of iNKT-cell therapy.

Conclusion

This case highlights the potential of allogeneic iNKT cell-based immunotherapy to
induce durable tumor remission in HIV-positive patients with advanced lung
adenocarcinoma. The findings suggest that iNKT cells may help establish a dynamic
balance between immune reconstitution and tumor suppression and may represent a
shift in how HIV-associated malignancies are managed. Further studies are needed to
clarify the underlying mechanisms, identify predictive biomarkers, and optimize iNKT

cell protocols for broader clinical application.
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380  Figure Legends

381  Figure 1. Clinical Course and Outcomes of the Patient After Allogeneic iNKT Cell
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385  Figure 2. iNKT Cell-Based Transfusion Protocol.
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388  Figure 3. Serial Changes in Plasma Tumor Marker Levels Over Time.
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