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Introduction: Tumor-infiltrating lymphocytes (TILs) therapy is one of the most promising adoptive T cell therapies, which has
shown great clinical efficacy against several solid malignancies. Nevertheless, clinical response to TILs mono-therapy in Asian
patients with recurrent cervical cancer has not been well reported.

Case Presentation: Here, we report two patients who were diagnosed with metastatic cervical cancer and tumor progression
following multiple conventional treatments. In particular, one of the patients has a history of severe myelosuppression after
chemotherapy. The patients received lymphodepletion therapy, which consisted of cyclophosphamide (30mg/kg) for 2 days, followed
by Fludarabine (25mg/m?) for 5 days, approximately 24 hr before receiving intravenous autologous TILs infusion. These two patients
then received high doses of IL-2 for 10 days with the purpose of maintaining T cell survival and proliferation. Patient 1 experienced
clinical partial response (PR) at 6 weeks post TILs infusion and a 33% tumor shrinkage at 12 weeks follow-up, and patient 2 was
evaluated as stable disease (SD) at 6 weeks post treatment. Mild and manageable adverse events were observed and soon subsided
after the TILs treatment. A time-course study examining the peripheral blood cell count and cytokine secretion demonstrated the
persistence of infused TILs and long-term immune response.

Conclusion: These results suggest that TILs mono-therapy can be a promising treatment strategy for Asian patients with late-stage
metastatic cervical cancer even with severe myelosuppression. TILs infusion can induce persistence and a long-term systematic
immune response that reversed peripheral CD4+T and CD8+T percentages implying that TILs infusion increased cytotic T cell
responses, which is consistent with clinical responses in these patients. Trial registration number: NCT05366478.
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Introduction

Adoptive T cell therapy has emerged as an area of extensive research and has revolutionized our approach to cancer
treatments.' > Three major adoptive T cell therapies include tumor-infiltrating lymphocytes (TILs) therapy, Chimeric
Antigen Receptor T-Cell (CAR-T) therapy, and T Cell Receptor-engineered T-Cell (TCR-T). In particular, TILs therapy
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differs from the other cell therapy modalities such that it leverages tumor-infiltrating lymphocytes isolated from solid
tumor tissue, whereas most of the other cellular immunotherapies employ CAR-T or NK immune cells derived from
peripheral blood. TILs therapy thus confers an absolute advantage as most of the TILs can recognize tumor cells, while
only a few immune cells isolated from the peripheral blood can recognize tumors.* Promising clinical responses to TILs
therapy in treating metastatic melanoma, advanced non-small cell lung cancer (NSCLC), and cervical cancer in western
countries have been reported with an overall response rate (ORR) of 34.3%, 23.1%, and 28%, respectively.”’ Thus, TILs
therapy shows great potential in improving the survival rate of a variety of metastatic cancers, which can reduce the
probability of recurrence of patients.

Nevertheless, few preclinical and clinical studies of TILs therapy in Asian population exist. As a result, the safety,
efficacy, and applicable population of TILs therapy in treating Asian patients with advanced malignant tumors have not
been well examined. Here, we report two cases in which autologous tumor-infiltrating lymphocyte mono-therapy induced
a rapid tumor shrinkage in an Asian patient with metastatic cervical cancer with a history of severe myelosuppression
after chemotherapy. Peripheral blood cell count and cytokine secretion analysis over the course of the treatment revealed
a persistent immune response in both patients. Together, this study suggests TILs mono-therapy as a promising treatment
strategy for Asian patients with late-stage metastatic cervical cancer, even when presented with a history of severe
myelosuppression following chemotherapy. Large scale clinical trials of TILs therapy in Asian patients are needed for
further confirmation.

Cases Presentation

Patient 1 was a 68-year-old woman who was diagnosed with Stage IV cervical cancer when experiencing vaginal bleeding
in November 2021. Pathological subtype of cervical squamous cell carcinoma was confirmed by biopsy at the General
Hospital of Tianjin Medical University. Positron Emission Tomography-Computed Tomography (PET-CT) results were also
consistent with a cervical cancer diagnosis. The patient received 10 cycles of AK104 (10mg/kg, Q3W), bevacizumab
(15mg/kg, Q3W), carboplatin (AUC=5, Q3W), and paclitaxel (175mg/m?, Q3W) between October 2021 and July 2022
(Supplemental Figure 1). She experienced severe myelosuppression with leukopenia and thrombocytopenia (grade 34,

CTCAE 5.0) after each cycle of chemotherapy and took about a month to recover. Pelvic MRI examination showed
a cervical tumor of 3.6 cm 1 month before she received anti-tumor treatment, and an enhanced pelvic CT scan showed
a cervical tumor of 5.2 cm when she received the first cycle of chemotherapy. Regular enhanced pelvic CT scan follow-ups
revealed a cervical tumor of 5.0 cm on 01/17/2022, 4.5 cm on 02/27/2022, 4.0 cm on 04/12/2022, 3.6 cm on 06/06/2022 in
the largest diameter. However, her disease progressed on 07/29/2022 with an enlarged cervical tumor of 4.5 cm and more
larger metastatic lymphocyte notes near the iliac vessels, which were considered non-target lesions, along with aggravated
symptom of bloody vaginal discharge. Patient 2 was a 24-year-old woman who was diagnosed with Stage IIIB cervical
cancer when experiencing vaginal bleeding in November 2022. A biopsy diagnosis confirmed that her disease was
pathologically adenocarcinoma with lymphocyte metastasis near the iliac vessels. She then received four cycles of radio-
therapy, four cycles of chemotherapy Cisplatin (50mg/m2)+Paclitaxel (175mg/Kg), and two cycles of immunotherapy of
Pembrolizumab (200mg, Q3 W) for anti-cancer treatment. However, her disease was still rapidly progressed which is likely
due to her poorly differentiated pathological cancer type. The two patients were then enrolled in a clinical trial of TILs
therapy for further treatment after meeting the inclusion criteria and provided signed informed consent for the trial. Both
patients received a lymphodepletion regimen consisting of cyclophosphamide (30mg/kg) for 2 days, followed by
Fludarabine (25mg/m?) for 5 days, approximately 24 hr before receiving intravenous autologous TILs infusion. She then
received high doses of IL-2 for 10 days according to the clinical trial protocol (Figure 1A). Patient 1 exhibited an objective
clinical response at 6 weeks post treatment, which persisted until 12 weeks post TILs infusion (Figure 1B and C) as well as
a disappearance of vaginal discharge. Her metastatic lymphocyte notes near the iliac vessels were stable Patient 2 was
evaluated as a stable disease (SD) at 6 weeks post treatment (Figure 1B and C). Levels of tumor monitoring biomarkers
CA125 and CA153 decreased after treatment suggesting an improvement in the patients’ disease condition (Figure 1D and
E). Both patients were alive without severe clinical symptoms until the time of last follow-up and will be followed up
longer according to the protocol when applicable.
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Figure | Trial design and efficacy evaluation. (A). Trial design and timeline of the study. (B). Enhanced pelvic CT scans of patient | at pre-TILs infusion, 6 weeks, and 12
weeks post treatment showed a targeted lesion of 4.9cm, 3.3cm, and 3.0cm, respectively, suggesting a rapid tumor shrinkage. CT scans of patient 2 at pre-TILs infusion and 6
weeks post treatment showed a targeted lesion of 5.9cm and 5.8cm, respectively, showing a stable disease. (C). Tumor size measurements of the two patients before and
after treatment. (D and E). Levels of serum biomarkers CA125 and CAI153 of the two patients decreased after TILs infusion suggesting that their disease were in control.

Material and Methods

Autologous TILs Product Processing and Expansion

The TILs products used in treating the patients were manufactured according to the standard Good Manufacturing
Practice of Medical Products (GMP) procedure provided by the Suzhou Lanma Biotechnology Co. Briefly, freshly
resected patient tumor was placed in sterile RPMI media and delivered to the GMP manufacturing facility. The tumor
was cut into 2-3mm’ fragments and were placed into culture containers (5-10 fragments per container) in media
supplemented with 6000 IU/mL of IL-2 and 10% human AB serum. TILs were then split into a new culture container
when they proliferated to >2X10°/mL. Media containing 6000 IU/mL IL-2 was supplemented every 2—5 days to maintain
TILs growth for 10-14 days according to a pre-Rapid Expansion Protocol (pre-REP). TILs obtained from the pre-REP
culture were cryopreserved and recovered for a further rapid expansion (REP) when the patient is ready to receive the
treatment. TILs were cultured in a medium containing anti-CD3 antibody (CDE-M120a, ACROBiosystems), irradiated
feeder cells and 6000IU/mL IL-2 for a rapid 14-day expansion. During the rapid expansion (REP) process, TILs were
also split into a new culture container when they proliferated to >2X10°/mL every 2-3 days. Pathogen detection tests
were performed on Day 0, —7 and —14 staring on the first day of REP. The final TILs products containing 3x10° and
5.1x10° cells of patients 1 and 2 aliquoted in 100 mL and 170mL infusion medium were shipped to the hospital in less
than 12 hr and infused into the patients. T cell subtypes of the TILs products were characterized by staining with cell
surface markers followed by flow cytometry analysis.

Enzyme-Linked Immunosorbent Assay (ELISA)
Peripheral blood was collected from patients at different time points according to the clinical trial protocol. Serum was
isolated from the peripheral blood by centrifugation and was further analyzed for cytokine expressions. The expression
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levels of multiple cytokines were measured using pre-coated ELISA Kits (IFN-y, Biolegend 430,107; TNF-a, Dakewe
1,117,202; IL-2, Biolegend 431,807; IL-4, Biolegend 430,307; IL-5, Multi Sciences 70-EK105-96; IL-6, Biolegend
430,507; IL-7, Multi Sciences 70-EK107-96; IL-10, Biolegend 430,607; IL-13, Multi Sciences 70-EK113-96; IL-15,
Biolegend 435,107; 1L-21, Biolegend 433,807; TGF-B1, Biolegend 437,707) with standard samples according to the
manufacturer’s instructions. Plate reading was performed using a SpectraMax 190 Microplate Reader (Molecular
Devices, LLC) with absorbance at 450 nm and 570 nm, and the concentrations were calculated using SoftMax Pro
7.1.2 (Molecular Devices, LLC).

Flow Cytometry Analysis

Approximately 1x10° of REP TILs were taken out from the final TILs products and washed twice with 1x phosphate
buffered solution (PBS) prior to staining. Cells were resuspended in 100 pL of FACS staining buffer (PBS+0.5% FBS)
containing 1:50 diluted antibodies and stained for 30 min at 4°C in the dark. Cells were then washed twice with 1xPBS and
analyzed using the BD FACSCanto II flow cytometer (BD Biosciences, USA). Data analysis was performed using FlowJo
V10 (BD Biosciences, USA). The antibodies used in this test include FITC anti-human CD3 (Biolegend 300,406), PE anti-
human CD4 (Biolegend 317,410), PerCP anti-human CDS8 (Biolegend 344,708), APC anti-human CD326 (EpCAM)
(Biolegend 369,810), and PE/Cyanine7 anti-human TCRa/p (Biolegend 306,720).

Meanwhile, peripheral blood was collected from the patients at different time points and red blood cells were
removed by RBC Lysis Buffer (Solarbio R1010). Samples were then washed, stained, and analyzed in the same way as
TILs mentioned above. Antibodies including FITC anti-human CD3 (300,406, Biolegend), PE anti-human CD4
(317,410, Biolegend), PerCP anti-human CDS8 (344,708, Biolegend), APC anti-human CD25 (356,110, Biolegend),
APC anti-human CD69 (310,910, Biolegend), PE anti-human CD39 (328,208, Biolegend), PE anti-human CD103
(Integrin oE) (350,206, Biolegend), APC anti-human CD197 (CCR7) (353,214, Biolegend), and PE anti-human
CD352 (NTB-A) (332,304, Biolegend) were used in this assay.

Laboratory Testing for CA125, CAI153

Expression levels of cancer antigen 125 (CA125) and cancer antigen 153 (CA153) in peripheral blood serum were
determined using the special CA125/CA153 antigen determination kit (Product number 386357, Beckman, United States).

Results
Autologous Tumor-Infiltrating Lymphocyte Mono-Therapy Induced an Objective
Clinical Response with Mild Side Affects

Patient 1 exhibited an objective clinical response at 6 weeks post treatment (Partial Response, PR), which persisted until
12 weeks post TILs infusion (Figure 1B and C). Besides, her metastatic lymphocyte notes near the iliac vessels were
measured as stable disease. Patient 2 was evaluated as a stable disease (SD) at 6 weeks post treatment for both target and
nontarget lesions (Figure 1B and C). Expression levels of tumor biomarkers CA125 and CA153 decreased in patient 1
after treatment suggesting an improvement in the patient’s condition (Figure 1D). There was a slight decrease of CA125
expression while not showing reduction in terms of CA153 in patient 2 (Figure 1E). Only a few adverse events were
observed in the patients including nausea, vomiting, inappetence, leukopenia, thrombocytopenia, fever, rash, herpes
labialis, edema of both lower limbs, and diarrhea (Supplemental Table 1). Further, timeline of the detailed side effects

after TILs infusion of both patients is shown in Supplemental Figure 2. Most of these side effects subsided in 7 days after

the IL-2 infusion treatment, suggesting that the TILs therapy was safe and well tolerated. A recovery from leukopenia
and thrombocytopenia took approximately 1-month post TIL treatment, which agrees with patient 1’s previous history of
severe myelosuppression after chemotherapy (Supplemental Figure 3A). Importantly, symptoms of abnormal vaginal

discharge gradually disappeared 4 weeks post TILs treatment of both patients.
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Autologous Tumor-Infiltrating Lymphocyte Mono-Therapy Induced a Systematic

Immune Response

The infused TILs product for the two patients contained 97% and 99.6% CD3" T cells, 56.6% and 62.8% CD3'CDS8"
T cells, 28.5% and 11.7% CD3"CD4" T cells, 88.9% and 90.2% CD3 TCR-af" T cells, respectively (Figure 2A). We
monitored the numbers of lymphocytes in peripheral blood during treatment and found that there was a continuously high
percentage of lymphocytes ranging from 40% to 70% started on Day 17-22 after TILs infusion until 12 weeks post
treatment (Figure 2B). We further characterized CD4" and CD8" T cell subtypes in the peripheral blood after treatment
and found that TILs infusion led to a high proportion of CD8" T cells on and after day 15 post infusion (Figure 3Aa),
suggesting both the persistence and expansion of infused TILs in the peripheral blood. Terminally exhausted
CD8'CD39" and NTB-A CD69" T cells were maintained at low levels on and after day 4 post TILs infusion
(Figure 3Ab). In addition, percentages of CD103" memory T cells and CCR7" naive T cells were low right after infusion
(Figure 3Ac). Percentage of regulatory T cells (CD3"CD4'CD25") decreased on day 15 after infusion (Figure 3Ad).
Measurements of peripheral T cell sub-types of Patient 2 showed similar trends as Patient 1 (Figure 3B). Next, we
characterized the Th1l and Th2 cytokine milieu in the peripheral blood of the two patients over the course of treatment.
We observed that the level of transforming Growth Factor-B1 (TGF-B1) decreased right after TILs infusion, suggesting
a decreased tumor activity in the patient (Figure 4). The sharp increase in levels of IFN-y and TNF-a around 4-6 weeks
after TILs infusion reflected the antitumor activity and may explain the continuous regression of tumor at weeks 6 and
12. These results suggest that TILs infusion altered the composition of systematic T cell subtypes in the patient by
enhancing its anti-tumor immune reactivity. Moreover, a high neutrophil count (Supplemental Figure 3B) and a high
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Figure 2 Characterization of TILs and lymphocytes from the peripheral blood during treatment and changes in T cell subtypes in the peripheral blood. (A). Flow cytometry
analysis of the TILs products of patient | and 2 showing that among the infused TILs product, 97% and 99.6% of the TlLs are CD3+ T cells, 56.6% and 62.8% of the TILs are
CD3+CD8+T cells, 28.5% and 11.7% of the TILs are CD3+CD4+T cells, 88.9% and 90.2% of the TILs are CD3+TCR-af+T cells, and 0.06% and 0.01% of the TILs are
EpCAM+ cells. (B). Quantifications of peripheral blood lymphocytes during treatment showed that the two patients maintained a high percentage of lymphocytes until 12
weeks and 6 weeks post treatment. PBMCs, Peripheral Blood Monocytes.
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level of C-reactive protein (CRP) expression (Supplemental Figure 4) starting at 4 days post treatment suggested an

activated immune response in the patients. Levels of CRP expression largely returned to normal 1 month after treatment.

Discussion

Cervical cancer is one of the top lethal cancers for women. While early screening and vaccination programs have
effectively reduced the number of new cases in many countries,® '’numbers of new cases and related deaths remain high
in developing countries. Autogenic tumor-infiltrating lymphocytes (TILs) therapy has shown more specificity and
potency to inhibit tumor growth in cervical cancers.®'"'? Moreover, TILs are directly harvested and expanded from
individual patients. This allows a personalized and patient-specific approach to recognize and target tumor cells after
infusion. So far, the clinical efficacy of TILs therapy has only been reported in Stage III and IV cancer patients with
advanced melanoma, lung cancer, and cervical cancer mostly in western countries.” ' These patients usually have worse
performance status or have poor bone marrow condition after cycles of standard chemotherapy or radiotherapy. Clinical
studies on TILs therapy are currently focusing on patients without standard treatment options including radiochemother-
apy (RCT). It has been shown that there was a restructuring of tumor infiltrating T cells occurred after RCT, which may
lead to insufficient number of T cells to perform anti-tumor response. Expanding TILs in vitro to a greater number and
infusing them back might increase the cytotic score of CD8+T cells.'* The main objectives of this current case study are
to 1) report clinical research models of TILs therapy for advanced cervical cancer along with worse bone marrow
conditions, 2) carry out preliminary toxicological and systematic research over time on TILs infusion, and 3) explore the
safety, effectiveness, and applicable population of TILs therapy and then informing future studies. Here, we revealed that
TILs infusion induced changes in systematic immune response in the treated patients. We observed alterations in T cell
subtypes and cytokine profiles, which are consistent with the tumor shrinkage of Patient 1. Although few studies have
revealed the clinical efficacy of TILs therapy, systematic responses induced by TILs therapy were not well reported.>’
We found that peripheral CD8+T and CD4+T percentages switched after 8 days post TILs infusion leading to dominate
CDS8+T cell population in both patients (Figure 3A and B), suggesting that ascendant CD8+T cells might be the key
factor to induce effective anti-tumor response for TILs therapy, and basic studies are needed to further understand the
anti-tumor response induced by TILs therapy in molecular or genetic level. However, there are a few shortcomings in the
current study that need to be further replenished by TCR clone sequencing on infused TILs and peripheral blood post
treatment, which are important to track TILs precisely over time.

We also gained several insights of TILs therapy from this case study: 1) advanced cervical cancer patients with severe
myelosuppression may tolerate lymphocyte depletion and benefit from TILs therapy with improved survival; 2) adverse
events in TILs therapy were well-tolerated, mild, and manageable; 3) TILs therapy can induce systematic immune
responses, which might be persistent for a long period. Meanwhile, treating solid tumor with adoptive cell therapy has
been challenging due to the high intratumoral heterogeneity and complexity of the immune-suppressive tumor micro-
environment. TILs therapy shows significant advantages in treating solid tumors owing to its composition of multiple
TCR clone subsets that simultaneously target multiple tumor antigens with high specificity. However, there remain
important questions for future research on TILs therapy. First, while TILs therapy induces a long-term anti-tumor
response, studies on its efficacy for treating early-stage cancers are in dire need. Second, combining TILs therapy with
other immunotherapy or targeted therapy may improve overall treatment efficacy and need to be further examined. Third,
genetically editing TILs to improve their anti-tumor function may be crucial for further improving their efficacy. Fourth,
whether and how high-risk-HPV infection correlated with clinical response of TILs therapy. Finally, the exact molecular
mechanisms underlying the anti-tumor activity of TILs therapy and the potency assay of TILs remain open questions.
A most recent study uncovered nine sub-clusters of tumor infiltrating T cells via single-cell RNA sequencing of 76,911
individual cells from 13 human cervical squamous cell carcinoma samples showing that TH17 and TNFRSF9"&" Treg
cells were relatively more abundant in advanced cervical cancer patients. These two populations of cells both exhibited
high and specific expression of CCL20, which is correlated with short survival of these patients.'* Future studies are still
needed to decipher the molecular regulation of tumor infiltration of TH17 and TNFRSF9"€" Treg cells and other T cell
subtypes, and in turn to provide targets for T cell manipulation.
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It is worth noting that the results of the present study will add evidence for setting up the standards of suitable
population who may likely benefit from TILs therapy in Asian cervical cancer patients. Oncologists can make more
precise judgements for choosing treatment strategies based on these information during clinical practice.

Conclusion

We revealed that TILs mono-therapy can be a promising treatment strategy for Asian patients with late-stage metastatic
cervical cancer even with severe myelosuppression. TILs infusion can induce persistence and a long-term systematic
immune response, which is consistent with clinical responses in advanced cervical cancer patients. Further, TILs
treatment reversed peripheral CD4+T and CD8+T percentages implying that TILs infusion increased cytotic T cell
responses in recurrent cervical cancer patients.
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