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Abstract
Purpose—Adoptive cell therapy (ACT) using autologous tumor-infiltrating lymphocytes (TIL)
is a promising treatment for metastatic melanoma unresponsive to conventional therapies. We
report here on the results of an ongoing Phase II clinical trial testing the efficacy of ACT using
TIL in metastatic melanoma patients and the association of specific patient clinical characteristics
and the phenotypic attributes of the infused TIL with clinical response.

Experimental Design—Altogether, 31 transiently lymphodepleted patients were treated with
their expanded TIL followed by two cycles of high-dose (HD) IL-2 therapy. The effects of patient
clinical features and the phenotypes of the T-cells infused on clinical response were determined.

Results—Overall, 15/31 (48.4%) patients had an objective clinical response using immune-
related response criteria (irRC), with two patients (6.5%) having a complete response.
Progression-free survival of >12 months was observed for 9/15 (60%) of the responding patients.
Factors significantly associated with objective tumor regression included a higher number of TIL
infused, a higher proportion of CD8+ T-cells in the infusion product, a more differentiated effector
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phenotype of the CD8+ population and a higher frequency of CD8+ T-cells co-expressing the
negative costimulation molecule “B- and T-lymphocyte attenuator” (BTLA). No significant
difference in telomere lengths of TIL between responders and non-responders was identified.

Conclusion—These results indicate that immunotherapy with expanded autologous TIL is
capable of achieving durable clinical responses in metastatic melanoma patients and that CD8+ T-
cells in the infused TIL, particularly differentiated effectors cells and cells expressing BTLA, are
associated with tumor regression.
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Introduction
Metastatic melanoma is an aggressive form of cancer highly resistant to traditional forms of
therapy, such as chemotherapy and radiation therapy (1). Response rates and survival for
patients with advanced stages (IIIc and IV) in response to chemotherapy, such as
dacarbazine and temozolomide, have been relatively poor (2). Drugs targeting activated
oncogenes of the mitogen-activated protein kinase (MAPK) pathway (3), such as B-
RAFV600E has also been actively pursued (4). Recently, a B-RAFV600E inhibitor has been
approved by the FDA recently (5). However, although this drug was shown to induce
objective tumor regression in a high percentage of patients, these responses are turning out
to be of limited duration (6). Originally, due to its relative refractoriness to chemotherapy
and radiation therapy, melanoma has been studied as a target for immunotherapy more than
many other forms of cancer (7). Most melanoma metastases contain lymphocytic infiltrates,
including T cells that recognize melanoma antigens such as Melan-A/MART-1 and NK cells
(8). A monoclonal antibody blocking CTLA-4, called ipilimumab, has resulted in durable
clinical responses in a subset of patients and significantly increased median overall survival
in Stage IV melanoma resulting in its FDA approval recently (9). Thus, enhancing
immunological mechanisms are proving successful in the care of metastatic melanoma.

Another promising form of immunotherapy for metastatic melanoma is adoptive cell therapy
(ACT) using the infusion of autologous tumor-infiltrating lymphocytes (TIL) expanded ex
vivo combined with HD IL-2 therapy (10, 11). ACT involves the isolation of viable tumor
tissue and the expansion of TIL with IL-2 over 4–5 weeks from tumor fragments placed in
culture (12). The TIL are then further expanded in larger-scale using anti-CD3 activation
and exogenous IL-2 in the presence of autologous or allogeneic irradiated feeder cells (12).
This protocol has become known as the “rapid expansion protocol” (REP) and can yield as
much as 100–150 billion cells for infusion (8, 12). Durable responses to TIL therapy have
been improved by the addition of a preparative lymphodepleting regimen using a
combination of cyclophosphamide and fludarabine (10, 13) which leads to an increase in
persistence of the transferred cells (13). Further improvements for this approach will be
dependent on an increased understanding of the mechanism of TIL antitumor activity, such
as determining which lymphocyte subtypes within the heterogeneous bulk population of
cells are responsible for tumor regression. Overall, a better understanding of the nature of
the T cells mediating objective anti-tumor responses during ACT will allow us to select the
most active cell subsets to transfer into patients, or tailor TIL expansion procedures to
preferentially expand these active T-cell populations for therapy to improve clinical
response rates.

We have undertaken a Phase II ACT clinical trial for metastatic melanoma using expanded
TIL followed by HD IL-2 in patients pre-treated with a cyclophosphamide and fludarabine
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lymphodepleting regimen (10, 13). In this paper, we report results on the clinical response
rates of first 31 TIL-treated patients and an analysis of possible predictive biomarkers of
therapeutic effectiveness, including phenotypic markers and telomere length in the infused
T-cells.

Materials and Methods
Patient population, overall TIL expansion process, and therapy

Patient enrollment, TIL expansion and infusion, and HD IL-2 therapy were carried out under
a protocol (2004–0069) approved by the Institutional Review Board of the MD Anderson
Cancer Center and an FDA-approved IND (NCT00338377). This is an ongoing Phase II
study which contains a randomized component and a non-randomized component. Data
presented in this paper are from the non-randomized component whose objective is to
determine clinical response rates and predictive biomarkers associated with clinical response
in 50 patients. The analysis in this paper is on the first 31 treated patients. Both male and
female patients with stage IV melanoma, Stage III in-transit disease, or recurrent regional
nodal disease over the age of 18 were enrolled following informed consent. One patient
under the age of 18 (a 15-year old female; Patient #2247) was enrolled after a compassionate
exemption was approved by the FDA. All types of prior therapy were allowed, including
chemotherapy, biochemotherapy, targeted therapy with tyrosine kinase inhibitors and anti-
angiogenic agents, and immunotherapy. Patients with brain metastases ≤1 cm were eligible.
Please refer to clinical trial NCT00338377 in the NCI website (http://www.cancer.gov/
clinicaltrials) for further details on patient inclusion and exclusion criteria. Table S1
(Supplementary Data on-line) and Table 1 also provide further information on the accrued
patient clinical and demographic characteristics for this study. All patients were HLA typed
at the HLA-A locus in the MD Anderson HLA Typing Laboratory. Expanded TIL were used
for functional and phenotypic analysis under an IRB-approved protocol (LAB06-0755)
approved by the MD Anderson Cancer Center IRB.

TIL expansion for therapy and measurement of anti-tumor cell reactivity
Fig. S1A (Supplementary Data on-line) shows the overall scheme for TIL expansion first
from surgical tumor harvest followed by the “rapid expansion protocol” (REP), and TIL
infusion together with HD IL-2 therapy. TIL were obtained from resected tumors and
expanded under current Good Manufacturing Practices (cGMP) conditions in the GMP Cell
Processing Facility at MD Anderson Cancer Center. In most cases, one solitary tumor
nodule was selected for TIL expansion, while in some cases two to three smaller nodules
were used. In previous studies we and others have found no association between the success
of TIL expansion and the site of tumor resection (14). TIL were expanded from 3–5 mm3 cut
tumor fragments according to previously published methods (11, 13) after removing
extraneous connective, necrotic, and non-tumor tissue using manual dissection. The TIL
expanded from the tumor fragments (pre-REP TIL) to minimum of a total of 48 × 106 cells
were cryopreserved and kept for further expansion (Fig. S1A) for therapy according to the
criteria in the clinical protocol. TIL that did not expand to these minimal numbers were not
further expanded and these patients did not go on to receive treatment. Cryopreserved pre-
REP TIL from patients to be treated were thawed and further expanded using the rapid
expansion protocol (REP) to generate the final TIL infusion product (post-REP TIL) (12). A
small sample of the pre-REP TIL before cryopreservation was analyzed for anti-tumor
reactivity as a possible predictive biomarker using an autologous melanoma cell line
generated from the patient (when possible), or a semi-allogeneic melanoma cell line that had
at least one matched HLA-A allele, as targets. Details on the methodology used to expand
TIL for therapy and the determination of pre-REP TIL anti-tumor reactivity can be found in
Supplementary Methods on-line.
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TIL therapy and blood sampling
Each patient received a course of lymphodepleting chemotherapy before TIL infusion (day
0) with cyclophosphamide (60 mg/kg) on day -7 and -6 and fludarabine (25 mg/m2) given
from day -5 to day -1 (Fig. S1B in Supplementary Data on-line). The harvested autologous
TIL (in approximately 500 ml cell suspension in saline) were intravenously infused into
each patient over a 20 min period by gravity using a regular infusion line with an in-line 100
μm mesh to remove any large aggregates or debris. The following morning, the patients
received bolus HD IL-2 (720,000 IU/kg) every 8 h to tolerance (15). A second course of HD
IL-2 therapy was given approximately 21 days after TIL infusion in a similar manner (Fig.
S1B on-line). Hematologic and biochemical parameters were monitored daily during IL-2
administration. Intravenous blood samples (10 ml) were collected from patients before and
after lymphodepletion on day -7 and day 0 before chemotherapy and before TIL infusion,
respectively. Subsequent blood samples (50 ml) were collected on days 7, 14, 21, 35, and 70
after TIL infusion. The samples were analyzed for total white blood cell (WBC) count,
absolute lymphocyte count (ALC), and absolute neutrophil count (ANC) in the Division of
Pathology and Laboratory Medicine at MD Anderson Cancer Center.

Measurement of clinical responses by irRC and RECIST
Tumor response to therapy was done using the immune-related response criteria (irRC), a
modified version of the WHO criteria (16). Response evaluation criteria in solid tumors
(RECIST 1.1) was also used to assess clinical response (17) to compare to the irRC response
rates found. Throughout the study, irRC was used to determine official response rates and
progression-free survival times. For the purposes of this paper, we define responders as
complete and partial responders and non-responders as patients with progressive or stable
disease by determining the the best overall response (BOR) using irRC (irBOR). Details
how and when tumor burden measurements were taken and irRC applied to determining the
type of clinical response and whether any progression had occurred can be found in
Supplementary Methods and Table S2 on-line.

Flow cytometry analysis of infused TIL
Antibodies to human CD4, CD8, CD27, CD28, CD62L, CD45RA and CD272 (BTLA, clone
J168-540.90.22) were from BD Biosciences (San Jose, CA). Antibodies to human CD279
(PD-1, clone EH12.2H7) and Perforin (clone dG9) were obtained from BioLegend (San
Diego, CA). Anti-human TIM3 (clone F38-2E2) was from eBiosciences (San Diego, CA),
anti-human LAG-3 (clone 17B4) was obtained from Enzo Life Sciences (Plymouth meeting,
PA) and anti-human CD270 (HVEM, clone ANC3B7) was purchased from Ancell (Bayport,
MN). Staining of all TIL infusion products was done on samples cryopreserved immediately
following harvesting of the clinical TIL products and washing and concentrating using the
Cobe 2991 machines. Details on the flow cytometry antibody staining techniques are
available in Supplementary Methods on-line. Acquisition was done the next day after
staining and fixing the samples. The samples were read on a FACSCanto II instrument (BD
Biosciences) and data analysis was performed using FlowJo software (Tree Star, Inc.,
Ashland, OR). Live cells were first gated using FSC and SSC parameters; dead cell
exclusion was then performed by gating out the Aqua positive cells before gating on any
antibody positive populations. For CD8+ differentiation status determination, the Aqua
negative cells were gated on CD8+CD4− cells. This CD8+ population was then further
selected for CD45RA− (which constitute the overwhelming majority of TIL) and the
resulting population was analyzed on a plot of CD62L versus CD27, where CD27+CD62L+

cells were designated TCM (central memory), CD27+CD62L− TEM (effector-memory), and
CD27−CD62L−TEFF (effector) (18–20).
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Tracking of TCR Vβ clonotypes post-infusion by gene cloning and sequencing
Total RNA was isolated from TIL or patients' PBMC after adoptive transfer using Qiagen
RNeasy Kit (74104). RNA quality was monitored by agarose gel electrophoresis to assess
RNA degradation. TCR Vβ specific cDNA was synthesized using Clonetech 5' RACE
Smarter kit. The primer in cDNA synthesis specifically binds to the Vβ constant region and
can recognize both C1 and C2 (21). During cDNA synthesis, a 5' end adapter was added to
each cDNA. Nested primers for adapter and Vβ constant regions were used for PCR
amplification. The resulting Vβ specific PCR products were purified from an agarose gel
and ligated into a TA cloning vector (Invitrogen). For TCR Vβ gene analysis, the CDR3
region of 96 TCR Vβ positive DNA samples were prepared and confirmed, and then
sequenced. To characterize each individual TCR Vβ clonotype, sequence data from each
sample was further analyzed using the international ImMunoGeneTics information system
(IMGT) program. The frequency of each dominant Vβ clonotype was calculated by
determining the percentage of each specific CDR3 sequence found within the 96 clones
picked and sequenced.

Detection and measurement of telomere length in TIL by Southern blotting
Telomere length analysis of a sample of the TIL infusion product was performed using
Southern blotting technique (22, 23) on isolated genomic DNA with a TeloTAGGG
Telomere Length Assay kit (Roche Diagnostics, Indianapolis, IN). The telomere lengths
were then determined using the chmoluminescent telomeric repeat probes supplied with the
kit followed by exposure to BioMax Light chemoluminescent film (Sigma-Aldrich, St.
Louis, MO). The telomere lengths were determined using the ImageJ analysis program
downloaded from the National Institutes of Health (NIH, Bethesda, MD) website
(rsbweb.nih.gov/ij/) using a standard curve of migration distance from the first and longest
telomere standard (21.4 Kb) to the last and shortest telomere standard (1.9 Kb). Details on
the methodology used with the kit to blot for telomeres and the determination of telomere
lengths from the exposed blots can be found in Supplementary Methods on-line.

Statistical analysis and correction for multiple variable testing
Fisher's exact tests (24) were used to assess association between categorical variables and
tumor response, and Wilcoxon rank-sum tests (25) were used to compare continuous
variables by tumor response or type of T-cell. Simple linear regression was performed (Fig.
4D) to assess the association between a continuous predictor and percentage change in
tumor burden. Box and whisker plots have been provided for several variables of interest.
Due to the large number of comparisons, to account for multiple testing, we set our Type 1
error rate to 0.001. All statistical analyses were performed using SAS 9.2 for Windows
(Copyright © 2011 by SAS Institute Inc., Cary, NC) or Graph Pad Prism 5 software.

Results
Patient population and TIL therapy

Patients of any HLA subtype with stage IIIc–IV (M1a–M1c) disease were recruited into the
study. TIL were first expanded from tumor fragments with IL-2 for 5 weeks and
cryopreserved for further expansion in the REP if a minimum of 48 × 106 cells was reached.
This was required so that at least 40 × 106 cells were available for the REP after samples for
quality control and anti-tumor analysis (8 × 106) were removed. Previous data from our
group has found that the success rate in meeting this threshold for pre-REP TIL expansion is
about 62% regardless of the type of prior therapy before the tumor harvest (14). Patients
with cryopreserved pre-REP TIL having progressive disease and who met eligibility criteria
were treated after further expansion of their thawed TIL using the REP. Only patients treated
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with their final post-REP TIL product were included in this study. Table S1 (Supplementary
Data) summarizes the demographic and clinical characteristics of the treated patients (n=31).
Most patients were stage IV at the time of TIL infusion and had received a variety of
different prior therapies within 2 months of therapy, including biochemotherapy,
radiotherapy, targeted therapy, and immunotherapy with IL-2, IFN-α, or GM-CSF. Most
patients received at least 2 prior therapies for metastatic disease. Only one patient was
treated with a selective mutant B-RAF inhibitor (GSK-2118436) (26), and none of the
patients had prior ipilimumab therapy. The median age was 46 years with 65% males. Fig.
1B shows the overall scheme for patient therapy, indicating the time points for the starting
the lymphodepleting preparative regimen (Day -7), TIL infusion (Day 0), followed by the
two cycles of HD IL-2 therapy. The total TIL infused ranged from 8–150 × 109 cells (Table
1).

Treatment-related toxicity and measurement of hematopoietic parameters
Patients experienced only transient, reversible adverse reactions (e.g., fever, chills, shortness
of breath, increased heart rate) in the few hours following TIL transfer. No Grade 3 or 4
toxicities according to the National Cancer Institute Common Toxicity Criteria (NCICTC)
were noted after TIL infusion before HD IL-2 therapy (27). Hematologic toxicities due to
the preparative chemotherapy were anticipated and transient. Neutropenia and lymphopenia
were observed in all patients as expected. All patients were also treated with platelet
transfusions and red blood cell transfusion as needed and their counts eventually increased
back to normal levels.

Fig. S2 (Supplementary Data on-line) shows the drop of total white blood cells (WBC),
absolute neutrophil count (ANC), and absolute lymphocyte count (ALC) after the
preparative chemotherapy and also shows the recovery of these populations following TIL
infusion over a 70-day period in all patients, comparing the responders and non-responders.
There was no statistically significant difference in the percentage change from day-7 to
day-0 between responders and non-responders for WBC, ALC, or ANC (Fig. S2). The usual
Grade 3 and 4 toxicities according to the NCICTC were found with bolus HD IL-2 infusion
(pulmonary, renal, and liver dysfunction, and mental confusion). However, all of these were
transient in nature and responded to standard interventions and/or resolved after IL-2
therapy. Most patients (28/31) received two cycles of IL-2 therapy.

Tumor response and association with patient clinical parameters
Table 1 provides a summary of major patient clinical parameters and clinical responses
following TIL therapy. Clinical response rates according to the new irRC criteria established
by Wolchok et al. (16) that more closely reflects the dynamics of a response one would
expect with immunotherapies as opposed to chemotherapies. We noted objective tumor
regression of tumors in multiple sites in responding patients, including sub-cutaneous, lung,
liver, lymph node, and of tumors growing attached to major organs such as the spleen and
heart. Fig. 1 shows examples of objective tumor regressions at visceral and non-visceral
sites following TIL infusion in two representative patients by CT scans and photographs.
We also noted in some cases that a mass underwent a durable partial regression by CT, and
the remnant lesion was no longer 2-fluorodeoxyglucose (FDG) avid by positron emission
tomography (PET). An example of this is shown in Patient #2262 (Fig. S3 on-line) in which
a large tumor mass attached to the aorta and the heart shrunk by >60% in volume at 18
months after TIL infusion and the remnant lesion persisting did not show any activity by
PET scanning.

No association was found between a number of other variables, such as patient gender and
age, tumor stage, number and type of prior therapy for metastatic disease, initial tumor
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burden, serum LDH levels at time of TIL transfer, and number of IL-2 doses administered
after TIL transfer) and clinical response (Tables S3, S4 on-line). Using irRC, the BOR (PR
and CR) was 48.4% (15/31). Two patients (6.5%) experienced a CR. One patient (#2357)
had a complete regression of all measureable lesions by CT scan, but had non-measurable
lesions in the bone that remained stable. Many of the clinical responses have been quite
extensive, with 12/15 responders having >70% reduction and 4/15 having a 100% reduction
in their measureable tumor burden, as shown in a waterfall plot analysis (Fig. 2).

We also measured responses using RECIST 1.1 (17) and found that the BOR was 41.9%
(13/31). Overall, two patients scored as responders with irRC (16), but were non-responders
(PD) using RECIST due to the development of new lesions detected after TIL infusion. One
of these patients (#2262) developed a small brain lesion 2 months after TIL ACT that was
surgically resected, but was still considered as progression-free according to irRC. At
follow-up, this patient was progression-free by irRC after surgery for >22 months and the
initial sites of disease continue to respond. The other patient (#2267) had a PR by irRC but
had a developing new small brain lesion by 2 months after TIL treatment. This patient was
treated by whole brain radiation and was alive >22 months after TIL therapy.

Overall survival (OS) and progression-free survival (PFS) were estimated from the treatment
start date for all 31 patients (Fig. S4 on-line). The median OS time was not reached by the
end study; the median PFS time was 7.6 months (95% CI: 4.1122.2 months). The 6-month
OS and PFS rates were 81% (95% CI: 62–91%) and 57% (95% CI: 38–73%), respectively.
In order to compare unbiased differences in OS and PFS between responders and non-
responders, we performed a landmark survival analysis (28) starting at the 3-month time
point after TIL infusion (Fig. S5 on-line). The landmark 6-month PFS rates for irRC
responders and non-responders were 88% (95% CI: 39–98%) and 47% (95% CI: 21–69%),
respectively. The landmark 18-month OS rates for responders and non-responders at the
landmark were 87% (95% CI: 36–98%) and 48% (95% CI: 26–67%), respectively. The
landmark median OS time for non-responders was 463 days (95% CI: 76 - . days) but could
not be estimated for responders. The landmark median PFS times for non-responders and
responders were 105 days (95% CI 33- . days) and 577 days (95% CI 138- . days). Change
in tumor burden over time in all treated patients over the first 20–22 months after TIL
infusion can be found in Fig. S6 on-line. Most of the responders showed tumor regression of
50% or more by 4 months, while some responders showed a more protracted decrease in
tumor burden. Interestingly, Patient #2175 (non-responder) exhibited a prolonged SD with
>29 months PFS by irRC (Fig. S6). Five responding patients, although achieving a response
by irRC, were treated with additional therapies for renewed progression within the study
period; these patients are listed in Fig. S6 (panel C) together with the time point and type of
therapy they received after TIL.

Pre-REP anti-tumor reactivity and clinical response
We determined the anti-tumor reactivity of the pre-REP TIL as a possible predictive
biomarker for irRC clinical response. Pre-REP TIL were cultured in IL-2 from tumor
fragments for 5 weeks and tested with either autologous melanoma tumor cell lines (if
available) or semi-allogeneic cell lines matched minimally at one HLA-A allele. We have
found that IL-2-expanded TIL were functional and responded to polyclonal TCR using anti-
CD3 stimulation in both IFN-γ and CTL assays (data not shown). The percentage of treated
patients having TIL exhibiting significant anti-tumor-specific IFN-γ responses (≥100 pg/ml
IFN-γ after subtraction of controls) either against an autologous or at least one allogeneic
matched melanoma cell line was 71% (22/31). We were able to generate an autologous
melanoma cell line for testing the pre-REP TIL for 17/31 (55%) of the patients and among
these all but two TIL had specific anti-tumor IFN-γ responses. No significant association
was found between positive anti-tumor reactivity and clinical response (p= 0.46; Table S3).
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Immunophenotyping of infused TIL using flow cytometry
As shown in Table 1, the total amount of infused TIL varied across the patient population.
Responding patients were infused with significantly more TIL (median 99 × 109 cells) than
non-responders (median 55 × 109) (p= 0.0003; Table S4, Fig 3A). We further analyzed the
different subsets of T cells using multi-color flow cytometry for the content of CD3+CD8+,
CD3+CD4+ T cells, which revealed that both the percentage and total number of CD8+ T
cells infused were significantly associated with clinical response (p= 0.001, 0.0003
respectively; Table S4, Fig. 3B). Non-responders had significantly higher percentages of
CD4+ TIL (p=0.001; Table S4, Fig. 3C). We further analyzed the role of total CD8+ TIL as
a continuous predictor of percent change in tumor burden (p=0.0003, Fig. 3D).

We analyzed the state of differentiation or memory status of the CD8+ subset in the infused
TIL. We stained the CD8+ TIL for cell surface markers associated with naïve, effector-
memory (TEM), central memory (TCM), and more differentiated effector (TEFF) T cells,
using the flow cytometry markers described in the Materials and Methods (19, 29). A
viability dye was used to exclude any dead cells from the analysis. Most of the infused
CD8+ TIL infused were composed of cells with a TEM (CD8+CD45RA−CD62L−CD27+)
and TEFF (CD8+CD45RA−CD62L−CD27−) phenotype with few TCM phenotype
(CD8+CD45RA−CD62L+CD27+) cells (Fig. 4A). Responding patients had a significantly
higher percentage of TEFF cells than non-responders (p= 0.0004; Fig. 4D).

We also explored additional markers associated with CD8+ cytotoxic T-cell activation and
differentiation, including PD-1, BTLA, and TIM-3, all of which can function as inhibitory
co-receptors on CD8+ T cells (30–32). As shown in Fig. 5A, the percentage of CD8+ T cells
expressing PD-1, BTLA, and TIM-3 varied widely across the entire treated population.
Responding patients had a significantly higher percentages of CD8+BTLA+ T cells (p=
0.0006; Fig. 5B) and CD8+BTLA+ with a TEFF phenotype
(CD45RA−CD62L−CD27−BTLA+) (p=0.0002; Fig. 5C). The percentage of CD8+PD-1+ TIL
was not significantly associated with clinical response (p= 0.07; Fig. 5B). There was a trend
towards responders receiving a higher percentage of CD8+TIM-3+ T cells in their TIL (Fig.
5B). However, analysis of BTLA co-expression with TIM-3 revealed that only
CD8+TIM-3+ T cells co-expressing BTLA were with associated clinical response, while
those lacking BTLA co-expression were not (Fig. 5D).

Analysis of TIL Vβ clonotype persistence in vivo
Persistence of infused TIL for at least 1 month following adoptive transfer into
lymphoablated melanoma patients has been previously found to be associated with objective
clinical response to therapy (21). We used a TCR Vβ cloning and CDR3 sequencing
approach used previously to track the changes in dominant TCR Vβ clonotypes in PBMC in
five responding patients up to 22 months post TIL infusion (patients #2131, #2150/2153,
#2258, #2124, and #2180). As shown in Table S5 (on-line), some dominant Vβ clonotypes
in the original TIL persisted long-term over the entire 22-month period (e.g., Vβ24–1 and
Vβ12–3 in Patient #2150/2153, and Vβ4–1 and Vβ29 in Patient# 2131). However, a
significant number of dominant TIL Vβ clonotypes also became undetectable after 1 month,
while other previously undetectable Vβ clonotypes emerged and expanded over the
following months (Table S5). Similar results were found in other responding patients.

TIL from responders and non-responders did not significantly differ in telomere length
The telomere length of infused TIL products was retrospectively evaluated from
cryopreserved samples. A Southern blot method using complementary telomere repeat
probes on restriction enzyme-digested genomic DNA was performed to determine not only
the average telomere length found in each TIL sample, but also range of telomere lengths
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that occur (23, 33). Southern blotting has been the most used approach to determine both of
these parameters (22, 23). This analysis revealed that each TIL sample did not have a single
fixed telomere length for all the cells, but had a range of telomere lengths between 11 to 3
Kb indicating a heterogeneous population of cells of different ages that have undergone
different numbers of cell divisions. We determined telomere length corresponding to the
peak signal intensity in each lane (patient) representing the telomere length of highest
frequency in the cell population. Using this measurement as the overall telomere length in
the TIL population, there was no statistically significant differences in telomere length
between responders and non-responders (p= 0.3671; Fig. S7 online) or by age (p>0.05).

Discussion
In this study, we demonstrate that adoptive transfer of highly expanded melanoma TIL into
patients with metastatic melanoma who had prior lymphoablation can mediate partial and
even complete regression of disease at multiple organ sites. Our reported clinical response
rates using irRC were 48.4% (15/31 responders) and are comparable to previously reported
TIL therapy trials using RECIST (10, 11). A large proportion of our responders (12/15) had
>70% tumor regression with four responders achieving a complete reduction in their
measureable tumor burden. Only two of these patients were scored as CR since they
continued to have non-measureable, yet stable, lesions in the bone. Our landmark analysis
revealed a significant increase in OS of TIL responders over non-responders (p=0.033).
These results suggest that an initial response to TIL therapy is of significant clinical benefit
in these patients.

The total number of infused TIL was a critical parameter associated with clinical response,
with responders being infused on average with almost twice the number of TIL as non-
responders. These results suggest that ACT using TIL should aim to infuse as many T cells
as possible to ensure more consistent clinical benefit. We also tested whether analysis of TIL
anti-tumor reactivity at the pre-REP stage can be a predictive biomarker of clinical response.
This would be beneficial in selecting which TIL to further expand in large-scale for therapy.
However, our data was inconclusive and suggests that positive IFN-γ secretion against
melanoma cells at this pre-REP stage may not be predictive and that other biomarkers in the
TIL, tumor microenvironment, or differences in systemic factors may ultimately play a
defining role. However, measurement of anti-tumor reactivity of TIL in the actual infusion
products (pos-REP) will be needed to make a more definitive conclusion regarding this
issue.

Recently, there has been an increasing interest in identifying additional predictive
biomarkers in the TIL associated with the induction objective clinical responses and durable
survival. A number of markers such as telomere length of the infused T cells, the type of T
cells (CD4+ versus CD8+) and their differentiation status, as well as the differential
expression of positive and negative T-cell costimulatory molecules, can affect both the
persistence of adoptively transferred T cells and their effector function in vivo. In this
regard, one striking observation besides the significantly higher number of TIL infused into
responding patients was that the CD8+ T-cell lineage seemed to be the key active component
in the large majority of patients. Both a higher percentage and higher total number of
infused CD8+ T cells was significantly associated with response, while the opposite trend
was found with CD4+ T cells. This suggests that CD8+ T cells are the key driving force
behind the anti-tumor activity of TIL. In certain regards, this is expected due to CTL activity
attributed to CD8+ T cells, but formal proof of this association in TIL therapy has been
lacking until now.
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Overall, our results suggest that TIL therapy protocols should aim to maximize the number
of CD8+ T cells generated. This can be achieved through by the selective isolation of CD8+

T cells at the pre-REP stage, or providing additional factors in the REP that can facilitate
CD8+ T-cell activation and division. In this regard, we have recently found that provision of
costimulatory signals through CD137 (4–1BB) could significantly increase the survival and
yield of CD8+ TIL (34). Despite the positive association of CD8+ T cells in TIL and clinical
response, there was however a minority of responders (2/15 patients) that had CD4+ T cells
making up >50% of the infused TIL (#2054/2256 and #2267). Adoptively transferred CD4+

T cells can in some circumstances mediate tumor regression by providing help to CD8+ T
cells or having a direct anti-tumor effector function by secreting T-helper 1 (Th1) cytokines
(e.g., IFN-γ and TNF-α) or by direct killing of HLA class II-expressing tumor targets by
expressing granzymes and perforin (35). It will be important to determine what is the
mechanism of action of these CD4+ T cells in these select patients and whether they act on
their own or cooperate with other CD8+ T cells in TIL or recruit endogenous CD8+ T-cell
responses to kill tumors as a results of antigen or epitope spreading.

The positive role of CD8+ T cells leads to another critical question regarding the state of
CD8+ CTL differentiation in the infused TIL and how it is related to response. We found
that most of the CD8+ T-cells in the infused TIL had the phenotype of either TEM
(CD45RA−CD62L−CD27+CD28+) or more-differentiated TEFF
(CD45RA−CD62L−CD27−CD28−) cells, with negligible levels of naïve and few central
memory cells. Although previous data have suggested that the number and percentage of
infused CD8+CD27+ TEM cells are critical components (36), we found that CD8+ TEFF
cells that are CD27− seem to be more clinically relevant than TEM cells in mediating anti-
tumor responses. One possible caveat that has been raised previously is that the conditions
during the rapid expansion protocol (REP) of the TIL induces transient CD27 down-
modulation (37), but in two published reports on multiple patient TIL subjected to the REP
we have found no significant down-modulation of CD27 expression on the CD8+ T cells (8,
34).

The reason why CD8+ TEFF phenotype cells seem to be critical in our clinical trial over
TEM is unclear and seems counterintuitive. It is possible that the TEFF cells have improved
migratory properties into tumors by expressing more chemokine receptors, such as CXCR3
(38, 39). However, we have not formally tested this question yet. Human CD8+CD27−

TEFF have been characterized as having a shorter lifespan than TEM (18, 40), but the
situation in a prior lymphodepleted host may be different where these cells may be exposed
to higher amounts of homeostatic cytokines, such as IL-15 and costimulatory signals, that
may facilitate their persistence and telomerase expression. Many CD8+ T cell clones specific
for chronic viruses such as CMV and EBV infections in adulthood are highly differentiated
cells that nevertheless can persist for long periods of time and are spontaneously cytolytic,
or rapidly re-express cytolytic granule molecules upon antigen exposure, and kill target
cells; these cells are critical in protecting the host against viral reactivation for years (20).
Another emerging issue is that adoptively transferred CD8+ T cells in lymphodeleted hosts
can exhibit plasticity, with either CD8+ T-cells with a TEM profile rapidly losing CD27, or
with some TEFF cells gaining CD27 expression (41). Finally, our data here does not
preclude a critical role for less-differentiated CD8+ TEM. These cells may cooperate with
TEFF cells and have a critical role in the long-term control of tumor growth not readily
apparent in our study here.

One of the most unexpected findings of this study came after examining the association of
the “negative” costimulatory molecules, PD-1, BTLA and TIM-3 (30, 42, 43) on infused
TIL with clinical response. Significant heterogeneity in PD-1, BTLA, and TIM-3 expression
was found on the CD8+ T cells. Surprisingly, we found that an increased frequency of
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CD8+BTLA+ TIL as well as higher numbers of infused CD8+BTLA+ TIL were both highly
associated with a favorable clinical response. Interestingly, the extent of PD-1 expression on
CD8+ TIL was not observed to be related to clinical response, and, in fact, TIL from
responding patients tended to have higher frequencies of PD-1+ T cells. Similarly, TIM-3
was also highly expressed in CD8+ TIL infused into responding patients, but on its own was
not observed to be predictive of response without co-expression of BTLA. These results
suggest that BTLA expression could be an important new biomarker in T-cell adoptive cell
therapy that needs to be studied further in future TIL clinical trials to verify its predictive
value and its possible biological role.

BTLA is a more distant member of the Ig family expressed binding to an unusual ligand
called herpes virus entry mediator (HVEM) leading to SHP1 and SHP2 phosphatase activity
dampening T-cell activation signals (44). BTLA is constitutively on naïve T cells and tends
to be down-modulated in CD8+ T cells as they mature into effector cells (42). Interestingly,
BTLA has been found to be continually expressed (not down-modulated) during
differentiation of certain melanoma antigen-specific (e.g., MART-1) CD8+ T cells towards
effector cells (42). The reasons for this however are unclear. Whether BTLA plays a
functional role in CD8+ TIL or whether it is simply is a marker for TIL associated with
improved anti-tumor activity in vivo after cell transfer will need to be determined. In
addition, although BTLA is considered a negative costimulatory molecule (32), its role at
different stages of CD8+ T-cell differentiation has not been clearly defined and recent data
suggests that it may in fact may also play a pro-survival function by binding to HVEM on
activated CD8+ T cells and triggering NFκB activation (45, 46).

Another correlative parameter studied in T-cell therapy is the telomere repeat lengths of
infused TIL. Telomere length has been linked to shorter persistence of transferred TIL in
vivo (47). Using the Southern blotting approach, we found no significant difference between
the mean telomere length in TIL between responders and non-responders. Responders had a
tendency to have slightly longer telomere lengths, but this was found not to be significant. It
is also important to point out that the median telomere lengths found in our study for both
responders and non-responders here (median of 5.9 Kb and 5.4, respectively), as well as in
previous TIL therapy studies (36), are in fact within the same range as those found in
original studies on human lymphocyte senescence showing telomeric repeat lengths in the
range of 4.7–6.3 Kb in senescing T cells by Southern blotting (23). However, our Southern
blotting analysis also revealed that a considerable heterogeneity existed in the telomere
lengths of infused TIL, with a range of 3 and 11 Kb found in the blots of both responders
and non-responders. Thus, it is possible that smaller sub-populations of TIL still retain
relatively long telomeres above this senescent range (>6.3 Kb) with a higher capacity to
persist and expand in vivo, while other TIL populations with shorter telomere lengths have a
reduced cell division potential and lifespan. Overall, our data underscores the difficulty in
interpreting the impact of telomere length as a biomarker because there is not one single
telomere length that can be assigned to the entire TIL population and considerable
heterogeneity exists.

In summary, we have found that adoptive transfer of TIL expanded ex vivo can induce a
high rate of objective tumor regression in unresectable metastatic melanoma patients and
that these responses can be long-lasting in a significant fraction of treated patients.
Moreover, our laboratory correlative studies have revealed potential biomarkers in
adoptively transferred TIL associated with clinical response, such as the expression of
BTLA. Future efforts will focus on further defining the role of BTLA in the antitumor
response and enhancing predictive assays of response, developing strategies to generate
more effective T-cells, identifying ideal patient candidates, and exploring future TIL clinical
trials in combination with new FDA approved agents for melanoma.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

In this study, we report on a Phase II clinical trial showing that adoptive cell therapy with
autologous tumor-infiltrating lymphocytes (TIL) is a powerful regimen to treat metastatic
melanoma patients after failing first- and second- line therapies. We also performed
comprehensive phenotypic analysis of T cells in the infused TIL and found a strong
association between clinical response and the total number and percentage of CD8+ T
cells. CD8+ T cells with a more differentiated effector phenotype seemed to be the most
highly active component. In addition, for the first time we screened for the expression of
negative T-cell costimulatory molecules (PD-1, BTLA, and TIM-3) in TIL and how these
are associated with clinical response. Unexpectedly, we found that CD8+ T cells
expressing BTLA (B- and T- lymphocyte attenuator) were highly associated with clinical
response. This cell subset may be a potentially powerful new biomarker in TIL therapy.
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Fig. 1. Objective tumor regression in patients receiving autologous TIL therapy
CT scans and photos of two representative patients (#2150/2153 and #2054/2256) before
and after TIL therapy at different time points. Changes in a large subcutaneous mass in the
right shoulder and of a large inguinal lymph node lesion after 1 month are shown for Patient
#2150/2153 (A). Changes are shown in abdominal tumors after 1 month and 18 months post
TIL infusion in Patient #2054/2256 (B).
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Fig. 2. Waterfall plot of percent change in measureable tumor burden in all treated patients
(n=31)
The patients were treated between August 23, 2007 and October 6, 2010. Clinical responses
were evaluated using the irRC criteria from whole body CT scans, as described in the
Materials and Methods section. The percent change in tumor burden using the best overall
irRC response after TIL infusion is shown for all patients. The dotted line indicates the
−50% tumor burden reduction point needed to reach an objective clinical response according
to irRC. Of the 15 patients who responded, 12 had ≥70% reduction in their tumor burden
and 4 patients had a 100% reduction in measureable tumor burden. Two patients had non-
measureable bony lesions that remained stable throughout the study period. This was not
accounted for in determining the change in tumor burden shown.
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Fig. 3. Comparison of total cells infused and major T-cell subsets in the infused TIL product
between responders and non-responders
Comparison of total TIL infused (A), the percentage and total number of infused CD8+ T
cells (B), and the percentage and total number of CD4+ T cells (C) between responders and
non-responders. Linear regression showing the relationship between total CD8+ infused and
percentage change in tumor burden (p=0.0003), with the solid line in showing the best fit,
the broken line representing the 95% prediction limits, and the grey area indicating the 95%
confidence limits (D).
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Fig. 4. Comparison of CD8+ T-cell memory phenotype in responders and non-responders
The percentage of TCM, TEM, and TEFF in the CD8+ TIL subset in all treated patients (A).
Wilcoxon rank-sum tests showed significant differences at α=0.001 between the percentage
of %CD8+ TIL between TCM and TEFF (p<0.0001) and TCM and TEM (p<0.0001). In the
subsequent panels, the percentage of CD8+ T cells with a TCM (B), TEM (C), and TEFF
(D) in the infused TIL was compared between responders and non-responders.
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Fig. 5. Comparison of PD-1, BTLA, and TIM-3 on CD8+ TIL in responders and non-responders
The percentage of cells in the total CD8+ TIL population expressing PD-1, BTLA, and
TIM-3 in all treated patients (A). Wilcoxon rank-sum tests showed significant differences at
α=0.001 between the percentage of CD8+ TIL between PD-1 and TIM-3 (p=0.0006). The
percentage of CD8+PD-1+, CD8+BTLA+, and CD8+TIM-3+ expression in the infused TIL
was compared between responders and non-responders (B). The percentage of CD8+BTLA+

T cells in the infused TIL with a TEFF or TEM phenotype was compared between
responders and non-responders (C). The percentage of CD8+TIM-3+ T cells in the infused
TIL with or without BTLA co-expression was compared between responders and non-
responders (D).
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