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INSTRUCTIONS FOR USE

The following Coverage Policy applies to health benefit plans administered by Cigna Companies. Certain Cigna Companies and/or lines of
business only provide utilization review services to clients and do not make coverage determinations. References to standard benefit plan
language and coverage determinations do not apply to those clients. Coverage Policies are intended to provide guidance in interpreting
certain standard benefit plans administered by Cigna Companies. Please note, the terms of a customer’s particular benefit plan document
[Group Service Agreement, Evidence of Coverage, Certificate of Coverage, Summary Plan Description (SPD) or similar plan document] may
differ significantly from the standard benefit plans upon which these Coverage Policies are based. For example, a customer’s benefit plan
document may contain a specific exclusion related to a topic addressed in a Coverage Policy. In the event of a conflict, a customer’s benefit
plan document always supersedes the information in the Coverage Policies. In the absence of a controlling federal or state coverage
mandate, benefits are ultimately determined by the terms of the applicable benefit plan document. Coverage determinations in each specific
instance require consideration of 1) the terms of the applicable benefit plan document in effect on the date of service; 2) any applicable
laws/regulations; 3) any relevant collateral source materials including Coverage Policies and; 4) the specific facts of the particular

situation. Each coverage request should be reviewed on its own merits. Medical directors are expected to exercise clinical judgment and
have discretion in making individual coverage determinations. Coverage Policies relate exclusively to the administration of health benefit
plans. Coverage Policies are not recommendations for treatment and should never be used as treatment guidelines. In certain markets,
delegated vendor guidelines may be used to support medical necessity and other coverage determinations.

Overview

This Coverage Policy addresses proposed indications for adoptive immunotherapy, also called adoptive cellular
therapy, including the use of lymphocyte activated killer (LAK) cells, tumor Infiltrating lymphocytes (TILs), and
antigen-loaded dendritic cells.

Coverage Polic

Each of the following adoptive immunotherapy techniques is considered experimental, investigational or
unproven, except as noted below in the related Coverage Policies:

o lymphokine activated killer (LAK) cells activated in vitro by recombinant or natural interleukin-2 (IL-2) or
other lymphokines

e tumor infiltrating lymphocytes (TILs)

e antigen-loaded dendritic cells

Note:
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e For information on coverage of Sipuleucel-T (Provenge®) refer to the document Cigna - Oncology
Medication and Code List.

e For information on coverage of Axicabtagene Ciloleucel (Yescarta™) see Cigna Coverage Policy
Axicabtagene ciloleucel

e For information on coverage of Tisagenlecleucel (Kymriah™) see Cigna Coverage Policy
Tisagenlecleucel

General Background

Adoptive immunotherapy, also called adoptive cellular therapy, is the transfer of immune cells with antitumor
activity into a patient to mediate tumor regression. The therapy involves the removal of lymphocytes (white
blood cells) from an individual, stimulation of those lymphocytes to increase their immune capabilities, and the
transfer of those cells back into the patient. T-Cells, B-Cells and NK cells are types of lymphocytes. The potential
benefit of this therapy depends on the availability of recombinant human cytokines and the ability to collect large
enough quantities of stimulated lymphocytes for therapeutic transfer. Cytokines are cell signaling protein
molecules that aid cell to cell communication in immune responses and stimulate the movement of cells towards
sites of inflammation, infection and trauma. Examples of cytokines include interleukin and interferon which aid in
regulating the immune system's response to inflammation and infection.

Adoptive immunotherapy has been proposed as a treatment option for numerous conditions including cancer,
human immunodeficiency virus, type | diabetes mellitus and rheumatoid arthritis. Several techniques have been
investigated, including the use of lymphocyte activated killer (LAK) cells, tumor Infiltrating lymphocytes (TILS),
and T-cell lymphocytes/dendritic cells (DCs). At the present time, the high-dose bolus interleukin 2 (IL-2) regimen
remains the treatment of choice for appropriate patients with access to such treatment and is the gold standard
to which other IL-2—based regimens should be compared. The addition of tumor-infiltrating lymphocytes, other
cytokines, or chemotherapeutics have failed to improve on the durable partial and complete responses observed
with high-dose IL-2 treatment.

Lymphocyte Activated Killer (LAK) Cells

LAK cells are developed by removing peripheral blood lymphocytes and stimulating them with high
concentrations of interleukin 2 (IL-2), a cytokine produced by lymphocytes that stimulates both T-cells and
natural killer cells. Once there is a large enough quantity of stimulated cells, the cells are transferred back into
the patient. Studies have suggested that LAK cells are limited in therapeutic efficacy and have demonstrated no
advantage for the administration of LAK plus IL-2 over administration of IL-2 alone (Kasslin, 2014). Newer
concepts in tumor immunology have lessened the importance of the continuing debate over the merits of IL-
2/LAK therapy. The role of this therapy has not been established for any indication.

Literature Review: There is insufficient evidence to demonstrate the safety and effectiveness of adoptive
immunotherapy with lymphocyte activated killer cells for the treatment of any condition, including malignancy and
human immunodeficiency virus. Studies have primarily been in the form of case series with small patient
populations (n=17-33) (Dillman, et al., 2009; Thionuun, et al., 2002).

Kimura et al. (2018) reported on the final results of a phase I, randomized control (RCT) investigating post-
surgical adjuvant chemotherapy plus immunotherapy (group A) (n=50) vs. chemotherapy alone (group B) (n=51)
for the treatment of non-small cell lung cancer (NSCLC). The trial was first reported by Kimura et al (2015). The
objective of the continued research was to evaluate how long immunotherapy in combination with adjuvant
chemotherapy or molecular targeted therapy improved the prognosis in post-surgical advanced lung cancer
patients with poor prognosis. The authors noted that the target of immunotherapy in this trial was not the primary
lesion, but the undetectable tumor cells remaining after the resection of primary carcinoma of the lung. Patients
were age < 76 years; Eastern Cooperative Oncology Group performance status 0 or 1; with adequate liver, renal
and bone marrow function; primary NSCLC histology (including combined type small cell carcinoma); and
pathological of stage IB with tumor sizes larger than five centimeters or with severe vessel invasion and stages
[I-1V (including non-curative resection cases). Patients were excluded if they had exploratory thoracotomies or
macroscopic residual tumors. Immunotherapy was comprised of the adoptive transfer of autologous activated
killer T cells and dendritic cells (AKT-DC) from the patient’s own regional lymph nodes. Group A received AKT-
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DC intravenously one week after each course of chemotherapy, once a month for the first six months after
resection and then every two months for two years after surgery. Group B was the control group who received
chemotherapy alone. Primary outcomes measured were overall survival (OS) rate and recurrence-free survival
(RFS) rate. Median follow up was 59.6 months. The 2, 5, and 7-year OS rates were 96.0%, 69.4%, and 55.1% in
group A and 64.7%, 45.1% and 38.1% in group B, respectively. The results were statistically significant in favor
of group A (p=0.0005). The 2, 5, and 7-year RFS rates were 70.0%, 57.9%, and 47.5% in group A and 43.1%,
31.4%, and 28.5% in group B, respectively, in favor of group A (p=0.0044). Adverse events were not reported.
Author noted limitations included the small, heterogeneous patient population; single institution, and non-blinded
study design. Patient selection criteria for post-surgical adjuvant chemotherapy plus immunotherapy has not
been established. Additional well-designed, multi-institutional studies with large patient populations are needed
to determine the safety and efficacy of this treatment.

Kimura et al. (2015) conducted a phase lll, randomized controlled trial (RCT) to investigate postsurgical adjuvant
chemotherapy plus immunotherapy (group A) (n=50) vs. chemotherapy alone (group B) (n=51) for the treatment
of non-small cell lung cancer (NSCLC). Patients were age < 76 years, Eastern Cooperative Oncology Group
(ECOG) performance status 0—1; had adequate bone marrow function, liver function, and renal function; primary
NSCLC (including combined-type small cell carcinoma) histology; and pathological of stage IB with tumor sizes
larger than five centimeters or with severe vessel invasion and stages II-1V. Non-curative resection cases were
included. Immunotherapy consisted of the adoptive transfer of autologous activated killer T (AKT) cells and
dendritic cells (DC) obtained from the patients’ own regional lymph nodes. The autologous AKT-DC from the
regional lymph nodes of patients had to grow enough to provide more than 7 x 10° cells for each course of the
therapy. Undetectable tumor cells remaining after the resection of the primary tumor were the target of the
immunotherapy. Group A received 12-15 courses of treatment over a two-year period and group B received four
courses of chemotherapy. Stage IlIA patients received two courses of induction chemotherapy prior to surgery.
Follow-ups occurred for up to five years. The primary end point was overall survival with recurrence-free survival,
toxicity, and adverse effects of immunotherapy as secondary end points. The two-year overall survival rates in
groups A and B were 93.4% and 66.0%, and the five-year rates were 81.4% and 48.3%, respectively, statistically
significant in favor of group A (p=0013). The two- and five-year recurrence-free survival rates were also
statistically significant in favor of group A (p=0.0020). Adverse events included chills, shivering and fever. There
were 19 cases of recurrence in group A and 33 cases in group B. Thirty-five stage IlIB and IV patients were
excluded from the study because macroscopic residual tumors remained after surgery, and enough T cells could
not be obtained for dosage. Limitations of the study include the small patient population, heterogeneity of the
disease stages and lack of sufficient numbers of lymphocytes obtained from patients with stage N2 and N3.
Additional data from a large-scale multi-center RCT is needed before the clinical importance of this therapy is
determined. The most effective dose for immunotherapy in this population has not been determined.

Tumor Infiltrating Lymphocytes (TILS)

Tumor tissue contains its own immune system cells called tumor infiltrating lymphocytes. In TIL therapy, tumor
infiltrating lymphocytes are removed from the tumor itself and treated with natural interleukin-2 (IL-2). These
activated cells are then returned to the patient to attack the tumor (American Cancer Society [ACS], 2019). There
is insufficient evidence to support the safety and effectiveness of adoptive immunotherapy using tumor infiltrating
lymphocytes for the treatment of any condition including melanoma and renal cell cancer. Study populations
were small and heterogeneous, and outcomes related to overall survival are variable. At this time, the role of this
therapy has not been established for any indication.

Literature Review: Khammari et al. (2020) conducted a randomized control trial of adult patients (n=49) with
stage Il melanoma with one invaded lymph node after complete resection. The intervention (n=26) was
treatment with tumor-infiltrating lymphocytes (TIL) therapy and interleukin-2 (IL-2) administered within eight
weeks after lymph node resection and again four weeks later. The comparator (n=23) was no other melanoma
treatment (abstention). The primary outcome was disease-free survival (DFS). Secondary outcomes were overall
survival rate (OS), tolerance to treatment with TIL + IL2, immunological response, analysis of clinical, biological
and histological factors on survival: age, gender, localization of the melanoma lesion, Breslow thickness, Clark
score and capsular breaking, ulceration of the primitive lesion and lactate dehydrogenase (LDH) level. Length of
follow up was five years. There was no statistical difference in relapse rates (p=0.25) between the TIL + IL2
group (11/26) and abstention group (13/23). Death occurred in 9/26 of TIL + IL2 group and 11/23 of abstention
group with no statistical difference in OS (p=0.35). No differences for progression-free survival, for age, gender,
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localization of melanoma lesion, Breslow thickness, Clark score and capsular breaking were observed. No
significant difference was found between the groups with primary melanoma with ulceration (p=0.14) or without
ulceration (p=0.94). Adverse events included fever, tiredness, flu-like symptoms, myalgia, arthralgia, nausea,
vomiting, diarrhea, headache, and injection site reaction. Serious adverse events included reactivation of the
human herpes virus-6, pulmonary embolism and hypereosinophilia. Author noted limitations included the small
patient population and lower number of tumor-specific TIL used to treat compared with previous trials. This study
did not demonstrate any beneficial effects of treating patients with stage Ill melanoma with TIL + IL2.

Dafni et al. (2019) conducted a systematic review and meta-analysis of 13 studies (n=332) to determine the
efficacy of adoptive cell therapy (ACT) using autologous tumor-infiltrating lymphocytes (TIL) and recombinant
interleukin-2 (IL-2) following non-myeloablative chemotherapy in previously treated metastatic melanoma
patients. Included were studies administering TILs with the addition of full non-myeloablating (NMA)
chemotherapy regimen (or cyclophosphamide before 2000) and IL-2 (low dose [LD]: <720 000 IU/kg; high dose
[HD]: 720 000 IU/kg) without total body irradiation (TBI). Reporting of tumor response was required. The target
population were patients with advanced cutaneous-melanoma, refractory to several treatment lines, such as
DTIC/temozolomide, bio-chemotherapy and high-dose IL-2. Exclusion criteria included: uveal/mucosal
melanoma, genetically engineered T cells, TBI, intratumoral injections of TIL-ACT combined with kinase
inhibitors (e.g. vemurafenib) and single-case reports. The primary outcome measured was the objective
response rate (ORR). Secondary outcomes were complete response rate (CRR), overall survival (OS), duration
of response (DOR) and toxicity. Median follow up was 40 months. The pooled overall ORR estimate was 41%
(n=170/410) (p=0.049) and the overall CRR was 12%. For the high dose (HD)-IL-2 group (n=141/332), the ORR
was 43% (p=0.075) and the low dose (LD)-IL-2 group (n=29/78) was 35% (p=0.15). The pooled estimates for
HD-IL-2 group CRR were 14% (n=49/332) (p=0.0024) and LD-IL-2 was 7% (n=7/78) (p=0.52). Median overall
survival was reported as 17 months for the HD-IL-2 cohort. The OS rate at one year for the HD-IL-2 group was
56.5%. DOR for the HD-IL-2 cohort (n=100, complete response [CR] =28, partial response [PR] =72), 55%
progressed and 45% sustained their response during a median follow up of 36 months. Of the HD-IL-2 complete
responders, 27 of 28 remained in remission for the duration of the follow up period (median follow up 40
months). The LD-IL-2 cohort had 12 PR who progressed. Toxicity was reported as adverse events (AE). The
most frequent AEs reported were febrile neutropenia (from NMA chemotherapy), diarrhea, thrombocytopenia
and vitiligo. Author noted limitations included the lack of information on patients with non-successful TIL
expansion and lack of individual patient data requiring the use of aggregate data. Although tumors regressed in
advanced cutaneous melanoma with TIL-ACT regimens, questions about best practices remain including the
duration of TIL culture, the number of TILs infused and the optimum IL-2 dose. Further studies are needed to
determine the safety and efficacy of TIL-ACT in the management of melanoma.

Rosenberg et al. (2011) reported on a trial of 93 patients with measurable metastatic melanoma who were
treated with the adoptive transfer of autologous TILs administered in conjunction with interleukin-2 following a
lyphodepleting preparative regimen on three sequential clinical trials. Ninety-five percent of the patients had
progressive disease following prior treatment. About 85% of study participants had surgically resectable disease.
Objective response rates by Response Evaluation Criteria in Solid Tumors (RECIST) in the three trials using
chemotherapy alone or with two or 12 Gy irradiation were 49%, 52%, and 72%, respectively. Twenty of the 93
patients (22%) achieved complete tumor regression, and 19 have ongoing complete regressions beyond three
years. The actuarial three- and five-year survival rates for the entire 93 patients were 36% and 29%,
respectively. For the 20 complete responders, three- and five-year survival rates were 100% and 93%, for the 32
partial responders 31% and 21%, and for the 41 non-responders were 7% and 5%, respectively. Overall follow-
up was 62 months. Limitations of the study are the uncontrolled design and lack of comparator.

Dreno et al. (2003) conducted a randomized controlled trial to demonstrate the use of TILs as adjuvant therapy
for stage Il (metastasis to regional lymph nodes) melanoma. After lymph node excision, patients without any
detectable metastases were randomly assigned to receive a two-month course of either TIL plus IL-2 or IL-2
only. The primary endpoint was the duration of the relapse-free interval. Eighty-eight patients eligible for
treatment were enrolled in the study. After a median follow-up of 46.9 months, the analysis did not show a
significant extension of the relapse-free interval or overall survival for the study population. Khammari et al.
(2007) reported long-term results of the Dreno study. After a median follow-up of 114.8 months, there was no
change in the non-significant extension of relapse free interval or overall survival.
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T-Cell Lymphocytes/Dendritic Cells (DCs)

T-cell (also known as dendritic cell [DC]) adoptive immunotherapy involves isolating the DCs, harvesting and
exposing the cells to a variety of immunologic stimuli, then re-infusing the cells back into the patient. This
process is also called autolymphocyte therapy. Phase | and Il trials have explored the use of DCs in treating
hormone-resistant prostate cancer. The studies reported that therapy was well-tolerated and resulted in a
reduction of prostate-specific antigen (PSA) levels. The role of antigen-loaded dendritic cells has also been
explored for the treatment of other malignancies (e.g., lymphoma, myeloma, subcutaneous tumors, melanoma,
renal cell, uterine, cervical, ovarian and non-small cell lung cancer) and autoimmune disorders, such as type |
diabetes mellitus and rheumatoid arthritis.

Overall, the benefit of DCs to health outcomes has not been established for most indications. Exceptions include
Sipuleucel-T (Provenge®) (see the document Cigna - Oncology Medication and Code List).

Randomized controlled trials are needed to determine safety and effectiveness, patient eligibility criteria, and
treatment protocols, including optimal dosing, route of delivery, and source of antigens for the treatment of other
malignancies and autoimmune disorders, including type | diabetes mellitus and rheumatoid arthritis.

Literature Review: Rob et al. (2022) conducted a phase 2, open-label, multicenter, randomized trial to evaluate
the safety and efficacy of dendritic cell-based immunotherapy DCVAC/OvCa added to first-line chemotherapy
(CT) (carboplatin plus paclitaxel) for the treatment of epithelial ovarian cancer (EOC). The trial was amended to
include a Part 2 based on the interim results of sequential DCVAC/OvCa administration. Patients (n=99) were
included if diagnosed with International Federation of Gynecology and Obstetrics stage IIl EOC (serous,
endometrioid, or mucinous), underwent cytoreductive surgery up to three weeks prior to randomization and
scheduled for first-line platinum-based CT. In Part 1 of the trial, patients were randomized 1:1:1 to receive:

e DCVAC/OvCa parallel to CT (Group A, n=34)

e DCVAC/OvCa after CT (sequential) (Group B, n=34)

e CT alone (Group C, n=31)
Part 2 included additional study participants in Groups B (h=24) and C (n=13). DCVAC/OvCa treatment was
initiated in 31 patients in Group A and 30 patients in Group B in Part 1, and in 20 patients in Group B in Part 2.
The primary analyses of efficacy were assessed using a modified intention-to- treat (mITT) analysis and included
90 patients in Part 1 and 33 in Part 2. The primary efficacy endpoint was progression-free survival (PFS) at two
years after randomization. Secondary efficacy endpoints were remission rates at six months and one year, the
biological progression-free interval (PFIBIO), time to first subsequent therapy (TFST), and overall survival (OS).
Safety was evaluated in terms of treatment-emergent adverse events (TEAES) and included 96 and 34 patients
in Parts 1 and 2, respectively.
Response Rate:

e Group A: 20.3 months progression-free survival (PFS)

e Group B: PFS not reached by the end of the study

e Group C: 21.4 months PFS
Median OS was not reached in any group after a median follow-up of 66 months (34% of events). Treatment-
emergent adverse events occurred in 97.1% (33/34) of Group A, 96.2% (51/53) of Group B, and 86% (37/43) of
Group C participants. TEAESs resulted in death in two (3.8%) patients in Group B. Chemotherapy related TEAEs
occurred in 85.3% (29/34) of Group A, 94.3% (50/53) of Group B, and 81.4% (35/43) of Group C participants.
TEAES that occurred in relation to DCVAC/OvCa included inflammation (2.9%, 1/34), erythema (2.9%, 1/34),
injection site erythema (1.9%, 1/53), injection site pain (1.9%, 1/53), and drug hypersensitivity (1.9%, 1/53).
Author noted limitations include lack of power for effective evaluation of PFS and OS. Larger, well-designed,
multi-institutional studies with long-term follow-up are needed to determine the safety and efficacy of this
treatment.

Chen et al. (2018) conducted a systematic review and meta-analysis of the literature to evaluate the clinical
efficacy of dendritic cell (DC)-based immunotherapy when used as an adjunct in the treatment of hepatocellular
carcinoma (HCC). Nineteen clinical trials on DC-based immunotherapy for HCC were selected, including seven
randomized control trials (RCT) and 12 non-RCT (n=1276 cases, range 18-160 per study). Inclusion criteria were
patients of all ages with a diagnosis of HCC and the use of either DC vaccine or dendritic cells and cytokine-
induced killer cells (DC-CIK) immunotherapy. The primary intervention was the adjunctive treatment of DC based
immunotherapy. All studies used mature DCs, different antigen-loading methods and different injection routes
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(intravenous, intradermal, subcutaneous and intra-tumoral). The number of injection times ranged from 1-7 and
the number of cells ranged from 4x10° to 2x10%°. The control groups were those patients who would not accept
DC vaccine or DC-CIK. Primary outcomes measured were immunologic changes including CD4+ T/CD8+ T
ratio, progression free survival (PFS) rate, overall survival (OS) rate, median PFS time and median OS time.
Outcome results reported statistically significant improved CD4+ T/CD8+ T ratio (p<0.001), increased one—year,
18- months and five—year PFS rate (p<0.05) and OS rate (p<0.05). Median PFS time was 1.98 times that of
control (p<0.001) and median OS time was 1.72 times that of control (p<0.001), both statistically significant.
Adverse reactions were low-grade fever, skin reaction, myalgia, shiver, vomiting, hyperpyrexia, and fatigue.
Author reported limitations included: small patient populations; heterogeneity of the study designs and
intervention methodology; and variations in the timing of medication, cell dose and the number and route of
administration of treatments. Patient selection criteria for this therapy has not been established. Studies have
reported that DC immunotherapy is not effective for every patient. Additional well-designed, multi-center
randomized controlled trials with large patient populations per study are needed to confirm the safety and
efficacy of this treatment.

Wang et al. (2018) conducted a systematic review and meta-analysis to evaluate the safety and efficacy of
cytokine-induced killer cell (CIK)/dendritic cell-cytokine-induced killer cell (DC-CIK) treatment in comparison to
conventional chemotherapy for the treatment of gastric cancer (GC) after surgery. A total of nine studies met the
inclusion criteria: seven randomized control trials and two controlled trials. Included studies reported on the
clinical efficacy and safety comparing CIK cell therapy and conventional chemotherapy for patients with GC
(stage | to 1V) after surgery. Excluded were books, letters, expert opinions, case reports, editorials, and studies in
animals and cell lines. Also excluded were studies not aimed at investigating the association between CIK cell
therapy and GC. The intervention was CIK/DC-CIK combined with chemotherapy. The major adoptive cellular
treatments utilized in all trials contained CIK cells, expanded activated autologous lymphocytes (EAALSs), and
tumor-associated lymphocytes (TALS) (n=562 patients).The number of adoptive cells transfused into patients in
these studies exceeded 1.0x10°. The comparator was chemotherapy alone (n=597 patients). Primary outcomes
were hazard ratio (HR), overall survival (OS) rates, disease-free survival (DFS) rates and immune function. A
small HR value indicates a better therapeutic effect and a HR <1 indicates lower risk. Length of follow up was
five years. The survival status in the treatment group was significantly better than that in the control group with
an HR of 0.712 for OS and HR of 0.66 for overall DFS. The treatment group had higher OS and DFS than the
control group at both three and five years follow up. Immune function was evaluated by comparing changes in T
lymphocytes before and after treatment. The number of CD3+, CD4+, CD4+/CD8+, and NK cells in patients of
the treatment group were reported to be significantly increased. Adverse events were fever, chills, rashes,
headaches, and nausea. Limitations of the study include the small heterogeneous (e.g., tumor state I-1V) patient
populations, differences in the use of immune cells, and heterogeneity of the chemotherapy and surgical
procedures. Patient selection criteria for post-surgical adjuvant chemotherapy plus immunotherapy have not
been established. Additional multicenter randomized control trials with large patient populations are needed to
verify efficacy of this therapy.

Xiao et al. (2018) conducted a meta-analysis to evaluate whether DC-CIK therapy repairs and reconstructs the
antitumor immunity and improves the tumor responses, reveals its optimal usage and combination with
chemotherapy, and provides the optimal evidence for individualized immunotherapy for non-small cell lung
cancer (NSCLC). A total of 28 randomized control trials (n=2242 patients) met inclusion criteria. Inclusion criteria
were: diagnosis with NSCLC using histopathological and cytological diagnostic criteria and TNM staging system;
adequate kidney and liver function; and no other therapy including surgery, radiotherapy, CIK cells alone,
traditional Chinese medicines, monoclonal antibody, or other cell therapies. Exclusion criteria included: duplicate
studies patent, generic, abstracts, and reviews without specific data; in vitro or animal studies; studies about
other tumors or nursing; studies with CIK cells or DC-CIK alone; and studies with DC-CIK plus radiotherapy,
Chinese herbs, targeted therapy, surgery, or other cytotherapy. Studies with DC-CIK in two groups; non-
randomized controlled studies; and unrelated systematic reviews or meta-analysis; studies without data of
peripheral blood lymphocytes were also excluded. The experimental groups were DC-CIK plus chemotherapy.
DC-CIK therapy included DC-CIK cells and Ag-DC-CIK cells (n=1127). The control groups received
chemotherapy alone without restrictions on the type of chemotherapy used (n=1115). The primary outcome
measured was antitumor immunity using the peripheral blood lymphocytes that included T lymphocyte subsets
and natural killer cells (NK cells). T lymphocyte subsets were measured by using the proportions of CD3+ T
cells, CD3+ CD4+ T cells, CD3+ CD8+ T cells, CIK cells (CD3+ CD56+ cells), and regulatory T cells (CD25+
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CD4+ T cells, Treg cells) and the ratio of CD4+/CD8+ T cells. The secondary outcome was the tumor responses
and was measured using the objective response rate (ORR) and disease control rate (DCR). Length of follow-
ups ranged from one to four months after treatment. Antitumor immunity showed statistical significance in all of
the study group subsets compared to the control groups:

e CD3+T cells (p<0.00001)
CD3+ CD4+ T cells (p<0.00001)
CD3+ CD8+ T cells (p<0.00001)
CIK cells (p<0.00001)
regulatory T cells (p=0.003)
CD4+/CD8+ T cells (p=0.002)

¢ NKcells (p<0.00001)
The tumor responses showed that DC-CIK plus chemotherapy increased both the ORR and the DCR and was
statistically significant (p<0.00001, each). Adverse events were not reported. Author noted limitations included all
trials were conducted in one country (China), not all trials reported on the random allocation or blinding method
and there was heterogeneity in cell numbers used. Additional limitations include: the small patient populations;
unclear risk of bias; the heterogeneity of the chemotherapy and the usage and combinations of the CIK therapy.
Some trials failed to report the tumor response. Patient selection criteria and dosage regimens and combinations
remain unclear. Additional randomized control trials with large populations and long term follow up are needed to
establish the clinical efficacy of this treatment method.

Han et al. (2014) reported results of a systematic review and meta-analysis of six randomized controlled trials
involving 428 individuals with non-small cell lung cancer (NSCLC). Patients in the control group received
chemotherapy alone while the experimental group received chemotherapy combined with DC-cytokine-induced
killer cells (CIK) immunotherapy. One-year overall survival (OS) was improved in the chemotherapy combined
with DC-CIK immunotherapy group compared to that of the chemotherapy alone group (p=0.02); however, the
two-year OS was not significantly different between groups p= 0.21). Likewise, one-year progression-free
survival (PFS) was significantly prolonged in the DC-CIK immunotherapy group compared to the chemotherapy
alone group (p= 0.005); however, there was no significant difference in two-year PFS (p=0.10). Partial response
(PR), overall response rate (ORR) and disease control rate (DCR) were considered to assess treatment efficacy.
Analysis of the DCR showed significant improvement for the group receiving combination treatment (p=0.06), but
no statistically significant improvement between groups was noted for PR (p=0.22) or ORR (p=0.76). Although
data suggest short-term improvement in OS and PFS, longer-term outcomes do not reflect sustained benefit.
Additional studies reflecting long-term benefit of DC immunotherapy are needed to establish the role of this
therapy for the treatment of NSCLC.

Draube et al. (2011) performed descriptive analyses at a study level and individual patient data level on twenty-
nine studies involving the use of immunotherapy with mature monocyte derived dendritic cells or immature
monocyte derived dendritic cells in 906 patients with prostate or renal cell cancer (RCC). Three studies were
randomized phase Il studies; the remaining studies were phase I/ll. Analysis at study data level revealed that
dendritic cell (DC) vaccination led to an antigen-specific cellular immune response in 77% of patients with
prostate cancer and 61% of patients with RCC. Specific humoral immune response was detected in 55% of
patients with prostate cancer and no patients with RCC. Overall, objective response (complete response + partial
response+ mixed response) was observed in 7.7% of patients with prostate cancer and in 12.7% of patients with
RCC. The authors concluded that results demonstrated an association between specific cellular immune
response and clinical benefit in both prostate cancer and RCC trials. However, there was heterogeneity
regarding DC purity and dose, DC subtype, antigen delivery, route of vaccination and quality controls between
the studies. DC immunotherapy warrants further investigation in phase Il randomized trials.

Kimura et al. (2008) evaluated the efficacy and toxicity of adjuvant chemo-immunotherapy using autologous
dendritic cells and activated killer cells obtained from tissue cultures of tumor-draining lymph nodes for the post-
surgical treatment of primary lung cancer (n=28). All patients received four courses of chemotherapy along with
immunotherapy every two months for two years. Two and five-year survival rates were 88.9% and 52.9%,
respectively. The authors concluded that adoptive transfer of activated killer cells and dendritic cells from the
tumor-draining lymph nodes of primary lung cancer patients is safe and feasible, and that a large-scale multi-
institutional study is needed to evaluate the efficacy of this treatment.
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Systematic Review of Multiple Adoptive Immune Cells

Hepatocellular Cancer: Zhao et al. (2018) conducted a systematic review and meta-analysis to evaluate the
safety and efficacy of adoptive immunotherapy (AIT) for patients with hepatocellular carcinoma (HCC). AIT using
lymphokine-activated killer (LAK) cells and cytokine-induced killer (CIK) cells are proposed therapies for HCC
following curative treatment. Recurrence rate and mortality were the primary outcome measures. Studies were
included if they met the following criteria: (a) were a randomized controlled trial (RCT) comparing patients
receiving AIT to patients who did not; (b) patients received curative treatment before immunotherapy; (c) patients
received otherwise similar treatments both in AIT and non-AIT arms; and (d) the study showed estimating risk
ratios (RRs) with 95% confidence intervals. Eight RCTs (n=964) met inclusion criteria. All patients had
undergone hepatic resection prior to receiving AIT. Five trials (n=685) used CIK, two trials (h=43) used LAK plus
interleukin-2 (IL-2), and one study used transcatheter arterial chemoembolization (TACE) and LAK plus IL-2. The
overall analysis showed that AIT treatment significantly decreased the one-year (p<0.00001), two-year
(p<0.00001), and three-year (p= 0.0001) recurrence rate (RR). Data also showed a significant decrease in
mortality at the one-year (p=0.00001), two-year (p<0.00001) and three-year (p=0.03) follow-ups. The groups
treated with lymphokine-activated killer (LAK) cells showed lower pooled RR values compared to those treated
with cytokine-induced killer cells. However, AIT treatment failed to affect the five-year recurrence rate and
mortality (p>0.05). The most frequent reported adverse events were fever and chills. Additional rare adverse
events included myalgia, headache, dizziness, fatigue, and nausea. Adverse events varied with the type of AIT
received. No serious adverse events were reported. Author noted limitations of the studies included the small
patient populations (n=12-112), short-term follow-ups, heterogeneity of tumor size and hepatitis B/C infection
and lack of information on the clinic random allocation concealment process. It was also noted that all studies
were from Asian countries and therefore, the results may not be generalizable. Larger randomized controlled
studies for the various types of AIT therapies for the treatment of postoperative HCC are needed to confirm
results of this analysis.

Mo et al. (2017) conducted a systematic review and meta-analysis on the efficacy of adoptive immunotherapy
(AIT) for hepatocellular carcinoma patients after curative therapy. This analysis included the same studies as
Zhao et al. (2018) above plus one additional retrospective review (n=1031). Due to the heterogeneity of the AIT
therapies, the limited number of studies in total and the limited number of studies addressing the same
outcomes, the authors concluded that additional randomized controlled trials with long-term follow-ups are
needed and should aim to expand the range of relevant endpoints examined (e.g., quality of life, duration of
hospital stay) and the possible clinical benefits of multi-modal immune therapies.

Yuan et al. (2017) conducted a systematic review and meta-analysis of the literature to evaluate the evidence on
the safety and efficacy of adoptive immunotherapy (AIT) for postoperative hepatocellular carcinoma. Eight
randomized controlled trials (RCTs) and two retrospective reviews (n=2120) met inclusion criteria. The studies
were the same as reviewed by Mo et al. (2017) and Zhao et al. (2018) above plus one additional retrospective
review. Eight studies reported that adjuvant AIT significantly improved disease free survival (DFS) or
progression-free survival (PFS) (p< 0.05). One small RCT and two retrospective studies reported that adjuvant
AIT significantly improved overall survival (OS) (p<0.05). Meta-analysis for the RCTs (n=483) showed significant
recurrence benefit of AIT at one year, two years and three years (p<0.05, each) but not at five years. Adverse
events included: fever, chills, headache, nausea, myalgia, fatigue, dizziness, itching and tachycardia. All events
were grade 1 or 2 and self-limiting. Five patients delayed or stopped treatment due to persistent fever. No
hospital deaths or serious adverse events were reported. Limitations of the studies include: short-term follow-up;
heterogeneity of the type of AIT and treatment regimen (e.g., route of administration, number of cycles used);
outcomes reported varied by studies and some were conflicting; lack of reporting procedures for randomization
or allocation concealment; limited data on some outcomes; and lack of external validity of the result for
populations other than Asian. The authors stated that these results should be viewed with caution.

Gynecologic Cancers: Son et al. (2022) conducted a systematic review and meta-analysis to analyze the
safety and efficacy of adoptive cell therapy (ACT) for the treatment of gynecologic cancers. Studies were
included if they reported an oncologic response or toxicity data in at least one patient with any gynecologic
cancer treated with ACT. Twenty-eight studies met inclusion criteria totaling 401 patients including 238 patients
with gynecologic cancers (61.8% ovarian, 34.0% cervical, 2.9% endometrial, 0.8% vaginal, and 0.4% vulvar).
Types of ACT used included peripheral autologous T-cell transfer (31.3%), T-cell receptor-modified T cells (TCR)
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(21.9%), tumor infiltrating lymphocytes (TIL) (21.9%), chimeric antigen receptor T-cells (CAR T) (18.8%), and
natural killer (NK) cells (6.3%). The response rate to ACT in patients with gynecologic cancers were 8.1% with
complete response, 18.2% with partial response, and 31.4% with stable disease, for an objective response rate
(ORR) of 26.3%, disease control rate (DCR) of 57.6%, and median response duration of 5.5 months (range two
to on-going response at 29 months). By cancer type, ORR/DCR were 33.3%/65.4% for cervical cancer,
22.6%/54.1% for ovarian cancer, and 22.2%/44.4% for other gynecologic cancers; but were not statistically
significant (ORR p=0.204, DCR p=0.183). ORR was not different for gynecologic cancers compared to non-
gynecologic solid tumors that were included in these studies (26.3% vs. 27.8% non-gynecologic cancers,
p=0.739). ORRs by ACT type were tumor infiltrating lymphocytes (TIL) 41.4%, natural killer cells 26.7%,
peripheral autologous T-cells 18.4%, T-cell receptor-modified T-cells 15.4%, and chimeric antigen receptor T-
cells 9.5% (p=0.001). Patients who had lymphodepletion prior to ACT had a higher response rate compared to
those that did not (ORR, 34.8% vs. 15.4%, p=0.001; DCR, 72.0% vs. 39.4%, p<0.001). Adverse events included
fever, hypotension, dyspnea, confusion, hematologic changes, nausea, vomiting, fatigue, and diarrhea. Author
noted study limitations included heterogeneity of the studies and protocols used, variation in the types of
adoptive immune cells used, small patient populations and short term follow-ups. Multicenter randomized
controlled trials with large patient populations and long term follow-up are needed to identify the clinical
effectiveness of adoptive immunotherapy and which therapy is associated with the greatest efficacy.

Non-small Cell Lung Cancer: Fan et al. (2022) conducted a systematic review and meta-analysis to evaluate
the safety and efficacy of combining adoptive immunotherapy with radiotherapy and chemotherapy for the
treatment of non-small-cell lung cancer (NSCLC). Twelve randomized control trials met inclusion criteria with
patient populations ranging from 47—-250. Mean follow-up was two years. Intervention groups consisted of
radiotherapy and chemotherapy combined with adoptive immunotherapy. The studies used various adoptive
immunotherapy types including lymphokine-activated killer cell (LAK), tumor-infiltrating lymphocytes (TIL), and
dendritic cell-cytokine induced killer cells (CIK). Control groups received radiotherapy and chemotherapy alone.
Primary outcomes measured were the reduced recurrence of lung cancer and improved survival rate. Secondary
outcomes measured safety of the use of adoptive immunotherapy. Meta-analysis of four studies indicated a
significant difference in curative effect between the experimental and control groups (p<0.001). Meta-analysis of
four different studies indicated a significant difference in the effect of adoptive immunotherapy on disease
progression between the experimental and control groups (p<0.001). Meta-analysis of the last four studies
indicated a significant difference of the effect of the adoptive immunotherapy on overall survival between the two
groups (p<0.001). Specific adverse reactions were not reported. Author noted study limitations included
heterogeneity of the studies, variation in the types of adoptive immune cells used, and type of regiment used.
Multicenter randomized controlled trials are needed to identify the clinical effectiveness of adoptive
immunotherapy and which therapy is associated with the greatest efficacy.

Zhao et al. (2017) conducted a systematic review and meta-analysis to evaluate adoptive immunotherapy (AIT)
for the treatment of non-small cell lung cancer (NSCLC). Thirteen randomized controlled trials and two
observational studies met inclusion criteria. Regarding pre-treatment, seven studies included pre-surgical
patients, two studies included patients treated with chemotherapy, and one study included patients treated with
surgery or chemotherapy or radiotherapy. Regarding AIT regimen, three studies used lymphokine-activated killer
cells (LAK) plus IL-2 (or rIL-2), seven studies used dendritic cells/cytokine-induced killer cells (DC/CIK), two
studies used CIK alone, two studies used activated killer T cells (AKT) alone, and one study used tumor
infiltrating lymphocytes (TIL) alone. The regimen included > 4 cycles in eight studies and < 4 cycles in four
studies. The precise cycle used was not identifiable in the remaining studies. Compared to the control therapy
group, the AIT group exhibited significantly better overall survival (OS) rates as follows: a) one-year (fifteen
studies; n=1684) (p=0.001) b) two-years (13 studies; n=1548) (p<0.001) c) three-years (ten studies; n=1266)
(p<0.001) and d) five-years (six studies; n=925) (p=0.032). AIT groups also showed significantly better
progression-free survival (PFS) rates at one-year (five studies; n=519) (p<0.001), and two-years (three studies;
n=353) (p=0.029). The difference in the objective response rate (ORR) (four studies; n=323) (p=0.293) and the
disease control rate (DCR) (four studies; n=323) (p=0.123) were not significant between the groups. Subgroup
analysis for one and two-year OS showed that CIK and DC/CIK significantly enhanced survival compared with
LAK plus IL-2. Author-noted limitations included: heterogeneity of the studies and variation in the AIT cycles
precluding a determination of the appropriate duration of AIT for maximum effectiveness; lack of reporting of
adverse events (n=four studies); and the number of studies included were not adequate to yield credible results.
All the studies included Asian participants, except for one which limits generalizability. Also, all the studies used
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AIT in combination with chemotherapy or radiotherapy making it difficult to estimate the efficacy of AIT alone.
Further multicenter randomized controlled trials are needed to identify the clinical effectiveness of AIT and which
therapy is associated with the greatest efficacy.

Zhu et al. (2017, updated 2021) conducted a Cochrane systematic review of the literature to evaluate the safety
and effectiveness of immunotherapy (excluding checkpoint inhibitors) in patients with localized non-small cell
lung cancer (NSCLC) (stages | to 1ll) who received surgery or radiotherapy with curative intent. Included studies
were randomized controlled trials, patients age = 18 years, with histology confirmed NSCLC after surgical
resection and patients with unresectable locally advanced stage Ill NSCLC who had received radiotherapy with
curative intent. Nine randomized controlled trials (n=4940) met inclusion criteria. Imnmunological interventions
included: Bacillus Calmette-Guérin (BCG), adoptive cell transfer (i.e. transfer factor, tumor-infiltrating
lymphocytes, dendritic cell-cytokine induced killer), and antigen-specific cancer vaccines (melanoma-associated
antigen 3 [MAGE-A3} and L-BLP25). Meta-analysis showed no statistically significant improvement in overall
survival (p=0.35) or progression-free survival (p=0.19) with immunotherapy. There was no statistically significant
increased risk in adverse events. In conclusion, the data do not support a clinical benefit of the use of
immunotherapy for patients with localized NSCLC (stages | to lll). The 2021 updated review included two
additional randomized control trials (n=188) which did not change the authors conclusion.

Qian et al. (2016) conducted a systematic review and meta-analysis of studies that compared
chemoradiotherapy alone to chemoradiotherapy plus adoptive immunotherapy for the treatment of non-small-cell
lung cancer (NSCLC). Seven articles met inclusion criteria. The articles included clinical trials that investigated
the treatment of NSCLC with adoptive immunotherapy with a mean follow-up longer than two years. Outcomes
included: death, tumor recurrence, or metastasis. Studies with a sample size of less than 20 subjects were
excluded. There was no significant difference in the two-year progression-free survival (PFS) in the combination
of adoptive immunotherapy group and the chemoradiotherapy-alone group (p=0.284). The addition of
immunotherapy did improve the two-year overall survival rate (p<0.001) of early stage NSCLC patients (p<0.01)
but not for patients with advanced disease (p=0.057). Self-limited adverse effects of immunotherapy included:
fever, shivers, nausea, fatigue and retention of water and sodium. Limitations of the studies include: the
heterogeneity of the types of adoptive immune cells (LAK, TIL, CIK, cytotoxic T lymphocyte, yo T cells); the
combination regimen of the cells; and the short-term follow-ups. The authors noted that multicenter randomized
controlled trials with large patient populations are needed to provide reliable data on which to develop guidelines
for clinical practice.

Professional Societies/Organizations

American Cancer Society (ACS): In a statement regarding tumor infiltrating lymphocyte (TIL) therapy, the ACS
noted that some early studies have been promising, but its use may be limited due to the inability to get TILs
from patients. Treatments using TILs are being tested in clinical trials in patients with melanoma, kidney cancer,
ovarian cancer, and other cancers (ACS, 2019).

National Comprehensive Cancer Network® (NCCN®): In the 2022 NCCN Guideline® on hepatobiliary cancers,
NCCN states that data are currently too preliminary for the panel to provide specific recommendations regarding
immunotherapy treatment in an adjuvant setting.

The 2022NCCN Guideline® on non-small cell lung cancer does not include any information regarding the use of
adoptive immunotherapy.

Use Outside of the US
Adoptive immunotherapy is noted to be of research interest in the published, peer-reviewed scientific literature.

Medicare Coverage Determinations

Contractor Determination Name/Number Revision Effective
Date
NCD No Determination found
LCD No Determination found
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Note: Please review the current Medicare Policy for the most up-to-date information.
(NCD = National Coverage Determination; LCD = Local Coverage Determination)

Coding Information

Note: 1) This list of codes may not be all-inclusive.

2) Deleted codes and codes which are not effective at the time the service is rendered may not be eligible

for reimbursement.

Considered Experimental/Investigational/Unproven when used to report the adoptive immunotherapy
techniques listed in this Coverage Policy for any indication:

CPT®* Description

Codes

38999 Unlisted procedure, hemic or lymphatic system

HCPCS Description

Codes

S2107 Adoptive immunotherapy, i.e., development of specific anti-tumor reactivity (e.g., tumor-
infiltrating lymphocyte therapy) per course of treatment

*Current Procedural Terminology (CPT®) ©2021 American Medical Association: Chicago, IL.
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