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A B S T R A C T

Purpose
Adoptive cell therapy (ACT) with autologous tumor-infiltrating lymphocytes (TILs) and high-dose

interleukin-2 (IL-2) administered to lymphodepleted patients with melanoma can cause durable
tumor regressions. The optimal TIL product for ACT is unknown.

Patients and Methods

Patients with metastatic melanoma were prospectively assigned to receive unselected young TILs
versus CD8"-enriched TILs. All patients received lymphodepleting chemotherapy and high-dose
IL-2 therapy and were assessed for response, toxicity, survival, and immunologic end points.

Results

Thirty-four patients received unselected young TILs with a median of 8.0% CD4* lymphocytes,
and 35 patients received CD8"-enriched TILs with a median of 0.3% CD4" lymphocytes. One
month after TIL infusion, patients who received CD8™-enriched TILs had significantly fewer CD4™
peripheral blood lymphocytes (P = .01). Twelve patients responded to therapy with unselected
young TILs (according to Response Evaluation Criteria in Solid Tumors [RECISTI]), and seven
patients responded to CD8"-enriched TILs (35% v 20%; not significant). Retrospective studies
showed a significant association between response to treatment and interferon gamma secretion
by the infused TILs in response to autologous tumor (P = .04), and in the subgroup of patients who
received TlLs from subcutaneous tumors, eight of 15 patients receiving unselected young TILs
responded but none of eight patients receiving CD8"-enriched TILs responded.

Conclusion

A randomized selection design trial was feasible for improving individualized TIL therapy. Since the
evidence indicates that CD8™-enriched TILs are not more potent therapeutically and they are more
laborious to prepare, future studies should focus on unselected young TlILs.

J Clin Oncol 31:21562-2159. © 2013 by American Society of Clinical Oncology

and 40%.” Nineteen of 20 complete responders re-
mained free of disease after more than 5 years of

Tumor-infiltrating lymphocytes (TILs) can mediate
the durable regression of metastatic melanoma
when administrated with interleukin-2 (IL-2) ther-
apy to autologous patients following a lymphode-
pleting preparative regimen.' TILs were selected in
vitro for tumor recognition and administered in
three sequential trials to patients with refractory
melanoma with nonmyeloablative lymphodeplet-
ing chemotherapy (NMA) and either no additional
radiation or 2 Gy or 12 Gy of total-body irradiation.
The overall response rates were 48%, 52%, and 72%,
and the complete response rates were 13%, 20%,
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follow-up. Prior therapies including chemotherapy,
and ipilimumab had no impact on the likelihood of
response. The generation of autologous selected
TILs used in these clinical trials involved a complex
process, and only 27% of patients who underwent
resection for TILs generation were treated.” These
studies demonstrated the value of adoptive cell ther-
apy (ACT) as a salvage therapy for patients with
melanoma but defined a need for simpler, more
reliable TIL production methods.

Tran et al* established a “young TILs” method
that minimized the time in culture and eliminated
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Tumors resected for TIL (n =145)
During protocol accrual (n=141)
Prior to protocol accrual (n=4)
Patients unavailable for protocol  (n =44)
Resected to NED (n=18)
Enrolled on alternate protocol (n =26)
Patients available for protocol enroliment Fig 1. CONSORT diagram for this ran-
(n=101) domized selection design protocol. The
success rate for patient accrual from tu-
mor resection to protocol enrollment is
estimated in the upper portion of the
Eligible (n = 69) Excluded/ineligible (n=232) figure, although this represents a retro-
TIL growth during protocol (n =65) No TIL growth (n=17) spective ana_ly5|s an_d was not pa_rt_ of the
Resected and cryopreserved prior to (n=4) Rapid progression or no f/u (n=15) protocol design. Pgt\ents were eligible for
start of protocol enro\lmer_ﬁ on_to this protocol when young
tumor-infiltrating lymphocytes (TIL) suit-
able for therapy were determined to be
available, and 69 patients were randomly
Randomly assigned assigned and treated. f/u, follow-up; NED,
(n=69) no evaluable disease.
Allocated to unselected young TIL (n=34) Allocated to CD8* enriched TIL (n=35)
Received unselected young TIL (n=34) Received CD8* enriched TIL (n=35)
Followed to response Followed to response (n=35)
(n=34) Stable disease considered nonresponse (n = 1)

screening for tumor recognition. Itzhaki et al® corroborated that un-
selected young TILs were simpler and more reliable than selected TILs
and reported the first use of young TILs for patient treatment, result-
ing in 15 objective responders (48%) of 31 treated patients. There has
also been a rapid development of bioreactors allowing high-density
T-cell expansion.® The perfusion-fed, suspension culture—based
WAVE bioreactor (General Electric, Piscataway, NJ) and gas-
permeable rapid expansion (GRex; Wolf Manufacturing, New
Brighton, MN) flasks were recently introduced for clinical use with
individualized T-cell therapies,”® and were optimized for use in
TIL therapy.”'”

TILs are composed of a mixture of lymphocytes with multiple
functions and phenotypes, and notably, the role of CD4 lymphocytes
in the infused TILs is controversial. CD4™ lymphocytes with Th1-type
autologous tumor reactivity can be identified in 20% of TIL cultures,
and anecdotal examples of clinical tumor regression associated with
CD4™" lymphocytes have been reported.''* Conversely, CD4" TILs
with a regulatory T-cell phenotype have been isolated and expanded
from melanoma tumors'>'* and CD4 “FoxP3* regulatory T-cell re-
constitution of patient peripheral blood after ACT was inversely cor-
related with response to CD8 * TIL therapy.'® CD8 * TILs are generally
associated with tumor regression. In a recent clinical trial evaluating
the safety and efficacy of CD8" -enriched TILs and IL-2 following
NMA lymphodepletion for the treatment of patients with refractory
melanoma,'® 18 (55%) of 33 patients exhibited an objective re-
sponse.'® This trial demonstrated that CD8* TILs without CD4™
lymphocytes were sufficient to mediate tumor regression. Other
groups found that a high number” or percent'” of infused CD8 ™" TILs
was associated with objective response, supporting a primary role for
CD8" cells in TIL ACT.
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In this study, we took advantage of improved production meth-
ods for individualized TIL therapies to implement a selection design
clinical trial with ACT. To determine whether CD8 *-enriched TILs or
unselected young TILs containing CD4 " cells represented a better
product for ACT, we designed a randomized, single-institution phase
IT clinical trial. Sixty-nine patients who had TILs available were ran-
domly assigned and treated on this protocol. Thirty-four patients
received unselected young TILs containing CD4* and CD8™ TILs,
and 35 patients received CD8 ™ -enriched young TILs. All patients
received NMA before cell infusion and high-dose IL-2 therapy. The
results and associated immunologic findings are reported here.

Patients, Trial Design, and Clinical Samples

This trial was designed as a prospective selection design trial for patients
who had a TIL culture available before random assignment (Fig 1) to be able to
conclude at the end of the study whether one arm could be favored over the
other for further study. We planned to enroll and randomly assign a total of 70
patients (35 per arm; a total of 69 patients were enrolled) to have 91% proba-
bility of correctly selecting the superior arm if the true probability of a clinical
response was 25% in the arm with lower true probability of response and 40%
in the arm with greater probability of response. Patients were stratified be-
tween arms based on M1a, M1b, or M1c staging (American Joint Committee
on Cancer). Other eligibility criteria included the following: age 18 years or
older with measurable metastatic melanoma, good performance status, nor-
mal laboratory tests, absence of active systemic infections, and eligible to
receive high-dose IL-2 therapy. All patients signed an informed consent doc-
ument approved by the institutional review board of the National Cancer
Institute. Patients received NMA conditioning, autologous TILs by bolus
infusion, and IL-2 therapy as previously described.'® CBCs were obtained once
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per day while patients were in the hospital, and differential counts were ob-
tained when CBC was above 200 cells/uL. Patient response was assessed by
using standard radiographic studies and physical examination at 4 to 6 weeks
following TIL administration and at regular intervals thereafter. The Response
Evaluation Criteria in Solid Tumors (RECIST) 1.0 guidelines were followed,
and clinical responses were sorted into complete, partial, or nonrespond-
ing categories.

Generation and Analysis of TILs for Infusion

Patients underwent resection of a metastatic melanoma lesion, and
young TILs were generated as previously described.'® Briefly, TIL cultures
were initiated from enzymatically generated single-cell digests or 1- to 3-uL
tumor fragments, and cultures were established by serial passage in media
containing 6,000 TU/mL IL-2. Patients with sufficient TILs were randomly
assigned to receive either unselected young TILs or CD8 " -enriched TILs.
CD8™" enrichment was accomplished with CD8 nanobeads (CliniMACS,
Miltenyi Biotec, Auburn, CA) as previously described.'® Unselected young
TILs were not subjected to any control manipulations with nanobeads or

CliniMACS reagents. Lymphocytes were rapidly expanded once by using
irradiated peripheral blood mononuclear cells (feeder cells), anti-CD3 anti-
body, and IL-2 as previously described”!®?**! and tested for identity, potency,
and sterility before patient infusion. Infused samples were evaluated by flow
cytometry for CD4 and CD8 lymphocyte composition and by interferon
gamma (IFN-v) release for tumor reactivity as previously described.'®

Statistical Analysis

The statistical significance of the difference in continuous parameters
between two groups of patients was determined by using a Wilcoxon rank sum
test. Survival was determined from the date of TIL infusion until the date of
death or last follow-up, the probability of survival as a function of time was
determined by using the Kaplan-Meier method, and significance between
curves was calculated by using a log-rank test. All P values were two-tailed and
were reported without adjustment for multiple comparisons. Because the
primary objective was to select the arm with the greater number of responses,
and because the study was not designed to have high statistical power to

Table 1. Patient Demographics and Treatments Administered
Unselected Young TILs CD8™* Young TILs
(arm 1) (arm 2) Total
Characteristic No. % No. % No. %

No. of patients 34 100 85) 100 69 100
Sex

Male 23 68 17 49 40 58

Female 11 32 18 51 29 42
Age, years

11-20 0 0 1 3 1 1

21-30 5 15 4 11 9 13

31-40 7 21 8 23 15 22

41-50 12 35 10 29 22 32

51-60 6 18 9 26 15 22

61-70 4 12 3 9 7 10
ECOG PS

0 28 82 30 86 58 84

1 6 18 5 14 11 16
Prior therapy

Surgery 34 100 35 100 69 100

Chemotherapy 9 26 10 29 19 28

Radiotherapy 8 24 7 20 15 22

Immunotherapy 25 74 21 60 46 67

Interleukin-2 19 56 16 46 35 51

Ipilimumab 1 3 3 9 4 6

Any two or more 26 76 24 69 50 72

Any three or more 12 85) 11 31 23 &3
Grade

M1a 2 6 5 14 7 10

M1b 4 12 6 17 10 14

M1c 28 82 24 69 52 75
Site of TIL

Lymph node 13 38 20 57 &3 48

Subcutaneous 15 44 8 23 23 33

Other” 6 18 7 20 13 19
Cells (x 10'°)

0.1-2.0 2 6 8 23 10 14

2.1-4.0 13 38 11 31 24 35

4.1-6.0 14 41 8 23 22 32

6.1-8.0 4 12 4 11 8 12

> 8.0 1 3 4 11 5 7
Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; TIL, tumor-infiltrating lymphocyte.
“Other anatomic sites of tumor resections for TIL harvest included small bowel (3), lung (2), liver (2), spleen (2), intramuscular (2), chest wall (1), and mesenteric
mass (1).

2154  © 2013 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY



Selection Design Trial of CD8" Versus Unselected Young TILs

formally identify a difference between the arms with respect to response, the
P value reported for this difference is to be interpreted as exploratory.

Patient Characteristics and Treatments Administered

Melanoma tumors were accessioned from 141 patients during
the 16 months that this protocol was open for accrual. Eighteen pa-
tients (13%) had no evaluable disease after resection, and 26 patients
(18%) were enrolled onto alternate experimental protocols (Fig 1;
Data Supplement). Thus, 97 patients had a resection and were suitable
for protocol consideration. Thirty-two of these patients (33%) were
noteligible for therapy (17 patients failed to grow TILs, and 15 patients
had rapidly progressive disease or were lost to follow-up). Sixty-five
patients (67% of eligible patients) generated TIL cultures that were
suitable for therapy, and an additional four patients had cryopreserved
TILs from a prior resection. These 69 patients were enrolled onto the
protocol, underwent random assignment, and completed a course
of treatment.

The study arms were well balanced for patient demographic
characteristics (Table 1). Most patients enrolled onto this trial had
advanced refractory disease: 75% with stage M1, including 17% with
brain disease at random assignment; 67% with prior immunotherapy;
and 72% having at least two prior treatments, including surgery,
immunotherapy, radiotherapy, or chemotherapy (Table 1). The study
arms were well balanced for treatment attributes, including the
total TILs infused (P = .54), the CD8" TILs infused (P = .16), and
the age of the TILs infused (P = .68; Table 2). By design, patients
with CD8*-enriched cells received few CD4 ™ cells (0.3 X 10 cells;
range, 0.0 to 7.9 X 10? cells) versus unselected young TILs (8.0 X
10° cells; range, 0.8 to 31.5 X 10% cells; P < .001; Table 2; Data

Supplement). A few patients had substantial CD4*CD8" double-
positive cells that were enriched with the CD4"CD8™ conventional
CD8™" TILs (Data Supplement).

The site of tumor procurement, method of TIL expansion, age of
TILs at infusion, number of cells infused, percentage of CD4 " lym-
phocytes, and tumor recognition varied substantially among patients
(Data Supplement), emphasizing the challenges of developing a
unique lymphocyte culture for treatment of each patient. There were
few significant associations among any of these attributes. Of interest,
eight of 15 patients with unselected young TILs from subcutaneous
metastases responded, although none of eight patients with CD8™ -
enriched TILs from subcutaneous metastases responded (P = .02;
Data Supplement). For 59 patients, the cellular composition of the
initial digest was determined. Lymph node resections (n = 29) started
with a significantly lower percentage of tumor cells (and higher per-
centage of lymphocytes) than other sites of resection (n = 30; Wil-
coxon rank sum P = .038) but the percentage of lymphocytes was not
significantly associated with response to ACT. Response was also not
associated with TIL age, total cell number infused, or CD8" cell
number infused (Table 2).

Responses and Toxicities of Treatment

Twelve patients (35%) who received unselected young TILs ex-
hibited an objective response, including two complete responders
(both ongoing). One patient with progressive disease at enrollment
now has stable disease more than 2 years after treatment and is con-
sidered a nonresponder for this analysis. Seven patients (20%)
achieved an objective response on the CD8 " -enriched TIL arm, in-
cluding three complete responders (two ongoing). Characteristics of
patients who responded to treatment are summarized in the Data
Supplement. There was no significant difference between the clinical

Table 2. Treatment Attributes Administered by Protocol Arm or by Patient Response
Unselected Young TlILs CD8™* Young TILs
Treatment Median Range Total Median Range Total P
Treatment administered by protocol arm
No. of patients 34 35
Age of infused TILs, days 5.5 26-51 35.0 24-43 .68
Total cells infused (X 10°) 40.9 9.8-84.9 39.0 4.5-147.0 .54
CD8* TILs infused (X 109) 30.3 5.9-62.7 38.4 3.7-138.8 16
CD4* TILs infused (X 109) 8.0 0.8-31.5 0.3 0.0-7.9 <.001
IL-2 doses administered 7.0 1-10 7.0 3-10 .04
Nonresponder Objective respondert
Treatment administered by protocol response
No. of patients 50 19
Total cells infused (X 10°) 37.7 45934 44.2 23.9-147.0 .09
CD8* TiLs infused (X 109) 30.8 3.7-87.4 36.9 9.5-138.8 .25
CD4* TILs infused (X 109) 0.8 0.0-31.5 6.3 0.1-28.9 12
Age of infused TILs, days 35.0 24-51 36.0 26-48 .64
IL-2 doses administered 7.0 1-10 7.0 39 91
Site of TIL origin (lymph node v all other) 27 v 23 6 vi13 11
Autologous tumor recognition (no v yes)# 12 v22 0vi12 .02
Abbreviations: IL-2, interleukin-2; TIL, tumor-infiltrating lymphocyte.
“Wilcoxon rank sum or Fisher’'s exact two-tailed P values.
tComplete or partial responder.
FInterferon gamma release > 200 pg/mL.
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== Randomly assigned bulk young TIL (n = 34)
Randomly assigned CD8* young TIL (n = 35)
= NMA TIL (n =43)
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Fig 2. Kaplan-Meier survival curve for patients treated in this clinical trial by arm
and for a historical control group receiving similar tumor-infiltrating lymphocyte
(TIL) therapy. Patients randomly assigned to receive unselected young TILs or
CD8"-enriched young TILs are shown, with tick marks indicating patients who
are still alive and available for follow-up. Nonmyeloablative lymphodepleting
chemotherapy (NMA) TIL represents survival from a historical control group of
patients who received TILs selected for tumor reactivity.®

responses in the two arms (Fisher’s exact test P = .19), although this
was not the primary aim of the trial, which was not powered to detect
asmall difference in response rates. Overall survival of patients treated
with unselected young TILs and CD8*-enriched TILs is shown in
Figure 2 and compared with a historical control group of patients
treated with ACT, which consisted of NMA conditioning and TILs
selected for tumor recognition.”” There is currently no significant
difference in survival between the unselected young TILs and the
CD8 ™" -enriched TIL arms (P = .41), with an overall median potential
follow-up of 27.8 months as of October 1, 2012.

Patients treated with unselected young TILs or CD8 " -enriched
TILs experienced toxicities typical of those reported on prior ACT
clinical trials (Table 3). All patients experienced transient toxicities
from the lymphodepleting chemotherapy as well as toxicities typical of
high-dose IL-2 therapy that generally resolved by 8 to 10 days after cell
infusion. Patients on the unselected young TILs arm received margin-
ally fewer IL-2 doses (Wilcoxon rank sum P = .039), possibly reflect-
inga CD4 ™" cell response to IL-2 administration. Common grade 3 or
4 nonhematologic toxicities not related to IL-2 were similar in both
arms and are summarized in Table 3. There were no treatment-related
mortalities in this clinical trial.

CD4 Counts in TILs Were Associated With CD4 Levels
in Peripheral Blood Lymphocytes 1 Week and 1
Month After Transfer but Were Not Associated With
Response

The impact of CD8™ enrichment on the number and composi-
tion of patients’ reconstituting lymphocytes was quantified at 1 week
and 1 month after TIL transfer. The average absolute lymphocyte
count was similar in both arms immediately after TIL infusion (Fig
3A) and throughout follow-up. Absolute CD4* cell counts were sim-
ilar in the two protocol arms before therapy; however, after ACT, there
was a significant difference in the absolute CD4™ T-cell number in
peripheral blood (Fig 3B). Approximately 1 week after TIL transfer,
patients who received CD8*-enriched TILs had fewer CD3"CD4™
lymphocytes than patients who received unselected young TILs (60 v
279 CD4™ cells/uL; Wilcoxon rank sum P < .001). At approximately
1 month after TIL infusion, the significantly decreased CD4™ cell
counts were still observed in patients with CD8 *-enriched TTLs (136 v
219 CD4™ cells/uL; Wilcoxon rank sum P = .01). There was no
significant difference between responders and nonresponders in pe-
ripheral blood CD4 " or CD8* lymphocyte subsets at any time.

Table 3. Responses to Treatment and Toxicities (as of October 1, 2012)
Unselected Young TILs CD8™" Young TILs Total
Variable Grade No. % No. % No. %
Patients 34 35 69
Median follow-up, months (as of October 1, 2012) 20.8 20.7
Responses
No. of PRs 10 4 14 20.3
Length of PR, months 32+, 31+, 30+, 26+, 19+, 16, 10, 7, 5, 3 24+,12, 4,4
No. of CRs 2 8 5 7.2
Length of CR, months 30+, 29+ 33+, 22+, 11
Total 12 35 7 20 19 28
Toxicities™
Death 0 0 0 0
Febrile neutropenia 3 13 15 28 41
Sepsis 3 1 0 1 1
Sepsis 4 4 9 13 19
Catheter-related infection 3 2 1 3 4
Upper respiratory infection 3 1 0 1 1
Hypoxia or dyspnea 3 2 0 2 3
Dyspnea 4 1 0 1 1
Intubated for somnolence 1 1 2 3
Abbreviations: CR, complete response; PR, partial response; TIL, tumor-infiltrating lymphocyte.
*All nonhematologic grade 3 and 4 toxicities not attributable to interleukin-2 were reported once for each patient at the highest grade.
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Fig 3. CD8*-enriched tumor-infiltrating lymphocytes (TILs) have an impact on
peripheral blood lymphocyte recovery compared with unselected young TILs. (A)
The average absolute lymphocyte count of patients on each arm is plotted over
time; day 0 is the day of TIL infusion (all patients were not measured every day).
Days without symbols represent fewer than 10 patients sampled. SEs of the
means are shown by vertical bars. There was no significant difference in absolute
lymphocyte count on any day between the randomly assigned arms. The
reconstitution of neutrophils, platelets, and RBCs was also not different between
the protocol arms (not shown). (B) After therapy, the absolute CD4* lymphocyte
counts in peripheral blood were significantly lower for patients receiving CD8*-
enriched TILs than for patients receiving unselected young TILs. Absolute CD4™*
counts for patients are shown before the start of lymphodepleting chemotherapy
(Pre), at a median of 6 days (1 week) after TIL infusion (range, 5 to 14 days), and
at a median of 34 days (1 month) after TIL infusion (range, 23 to 52 days). Data
are not available for each patient in each category. The responding patients are
jittered slightly to the left of nonresponders (NRs) to illustrate that no difference
was observed between responding and nonresponding populations. Median
values are indicated by a horizontal bar. Wilcoxon rank sum P values are shown.
P value for Pre was not significant.

IFN-y Secretion by TILs in Response to Autologous
Fresh Tumor Was Associated With Clinical Response
Forty-six patients had fresh autologous tumor cryopreserved as a
single-cell suspension, including 12 responding patients and 34 non-
responders. TILs from these 46 patients were evaluated for tumor
recognition by coculture with the autologous tumor, and IFN-vy re-
lease was quantified by enzyme-linked immunosorbent assays in the
supernatants. The magnitude of IFN-vy release was significantly higher
in responders than in nonresponders (Wilcoxon rank sum test
P = .038; Fig 4). We have routinely used a value of 200 pg/mL IFN
release as the lower limit for specific antigen recognition of TIL cul-
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Fig 4. Tumor-infiltrating lymphocyte (TIL) release of interferon gamma (IFN-y) in
response to autologous fresh tumor is correlated with response. TILs from the
infusion bag of each patient were incubated overnight with enzymatically
digested fresh tumor single-cell suspension (46 patients had samples for
evaluation). IFN-y was quantified by enzyme-linked immunosorbent assay and is
plotted according to the patient’s clinical outcome (objective responder [partial or
complete responder] v nonresponder). The median value for each population is
plotted as a solid bar. Wilcoxon rank sum P = .038.

tures in past studies.'®** In addition, 200 pg/mL IFN release is the
value set as the lower limit for lot release for TIL potency assays. Thus,
we also evaluated whether clinical response was associated with secre-
tion of greater than 200 pg/mL IFN-+y by TILs when stimulated with
autologous tumor (Table 2). TILs from all 12 responders produced
= 200 pg/mL IFN compared with only 22 of the 34 nonresponders
(Fisher’s exact test P = .02).

TILs were also tested for recognition of HLA-A-matched mela-
noma cell lines (Data Supplement). TILs from 59 patients were eval-
uated for recognition of shared melanoma antigens expressed on
tumor cell lines matched at one or more of the HLA-A*01 (n = 22),
HLA-A*02 (n = 34), HLA-A*03 (n = 23), or HLA-A*24 (n = 4) loci.
TILs from 30 nonresponders and 12 responders specifically recog-
nized HLA-A locus-matched tumor cell lines, but TILS from 14 non-
responders and three responders failed to specifically recognize
HLA-A locus-matched melanoma cell lines (Fisher’s exact test
P = .52). These results suggest that TILs commonly recognize HLA-
restricted shared melanoma antigens such as melanocyte differentia-
tion antigens. However, recognition of shared antigens was not
associated with tumor regression in this study.

The primary goal of this study was to select the optimal TIL product
for use in future ACT studies on the basis of the arm with the most
responses. Patients with advanced melanoma were evaluated for clin-
ical outcome following ACT after being randomly assigned to receive

© 2013 by American Society of Clinical Oncology ~ 2157



Dudley et al

unselected young TILs that contained CD4 ™ lymphocytes or CD8™ -
enriched TILs. The arms were well balanced for patient demographic
factors and treatments administered. This selection design trial was
not powered to detect a small impact of CD4™ cells on clinical out-
come, but patients who received unselected young TILs received
significantly more CD4" cells compared with patients in the
CD8"-enriched TILs arm, and they had an increased percentage of
circulating CD3*CD4 " lymphocytes in their blood for a month fol-
lowing TILs infusion. Despite this measurable impact on patients’
immune systems, there were no significant differences between the
two protocol arms in objective response, overall survival, or toxicity
(except slightly less IL-2 in patients who received unselected young
TILs). Interestingly, eight (53%) of 15 patients who received unse-
lected young TILs from subcutaneous lesions responded to treatment,
and more studies are warranted to investigate tumor-reactive CD4 ™
cells, especially from this anatomic location. Overall, there were more
responses in the arm that received unselected young T1ILs than in the
arm that received CD8" -enriched TILs (35% v 20%); furthermore,
unselected young TILs are simpler and less expensive to manufacture
than CD8 *-enriched young TILs. In addition, a prior study found no
evidence of regulatory T cells in the highly activated and in vitro
expanded CD8"-enriched young TILs that were infused into pa-
tients."> Thus, this randomized trial supports the use of unselected
young TILs containing CD4 ™" cells for future ACT trials.

Objective clinical response to ACT was significantly associated
only with recognition of autologous tumor (P = .02) and the magni-
tude of IFN release to autologous tumor (P = .04), and not with other
cell infusion characteristics, patient demographics, or any other attri-
bute we measured. In agreement with one prior study,” but in con-
trast to another,” this study shows that clinical response was
associated only with recognition of autologous tumor and not with
recognition of shared melanoma antigens. These studies may suggest
that successful ACT requires an immune reaction directed at unique
antigens present only on the autologous tumor and that TIL therapy
could be improved through the use of an appropriate vaccine ex-
pressed by the autologous tumor,> or selection for autologous tumor-
reactive cells.

The optimal treatment strategy for patients with melanoma is
unknown,*® and clinical trials are underway to identify the best com-
binations of or sequence of agents that are already approved by the US
Food and Drug Administration, including vemurafenib (Genentech/
Roche), ipilimumab (Bristol-Myers Squibb) or IL-2 (Hoffmann-La

Roche). Will ACT with TILs ever become a standard of care?”” Im-
proved TIL production strategies have made individualized T-cell
therapies simpler, cheaper, and faster. Here we report the first use of
TILs in a randomized selection design trial. In this 16-month study, an
autologous TIL product was successfully developed for 67% of the 97
eligible patients who had a tumor harvest. The use of efficient, high-
density bioreactors contributed to rapid accrual, and all 69 patients
who underwent random assignment received TIL treatment. Several
institutions have established TIL production and explored the efficacy
of ACT for patients with melanoma in clinical trials, with reported
response rates for young TILs and CD8 " -enriched TILs of 38% to
55%.>71%17:28:2% Thjs study is a phase IT randomized study, and the
overall combined response rate was 28%. The reason(s) for the lower
response rate in this trial are not readily identifiable but could include
lower cell numbers administered, lack of tumor-reactive lymphocytes,
less effective bulk TIL culturing methods, different patient popula-
tions, or random chance. It is interesting that despite lower objective
response rates, the overall survival for patients in both young TIL arms
is similar to that of patients with selected TILs (Fig 2). Further ran-
domized testing is warranted to identify the true underlying response
rates for TIL therapies, and multicenter trials are a reasonable
next step.
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