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Over the past few years melanoma incidence has been rising steadily, resulting in an in-

crease in melanoma related mortality. Until recently, therapeutic options for metastatic

melanoma were scarce. Chemotherapy and, in some countries, IL-2 were the only regis-

tered treatment modalities. In the last five years, treatment with immunotherapy (anti

CTLA-4, anti PD-1, or the combination of these antibodies) has shown very promising re-

sults and was able to improve survival in patients with metastatic melanoma. Adoptive

cell therapy using tumor-infiltrating lymphocytes is yet another, but highly promising,

immunotherapeutic strategy for patients with metastatic melanoma. This review will

discuss the development of TIL as a treatment option for melanoma, its mode of action

and simplification over time, and the possibilities to expand this therapy to other types

of cancer. Also, the future directions of TIL based therapies will be highlighted.

ª 2015 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights

reserved.
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1. Introduction infusion of TIL combined with lymphodepleting precondition-
In 1863, Rudolf Virchow described the presence of lymphoid

cells in neoplastic tissue and hypothesized a connection be-

tween inflammation and cancer (Virchow, 1863). Over the

past two decades, clear correlations have been found between

the presence of lymphocytic infiltrates within tumors and pa-

tients’ clinical outcome in several tumor types, includingmet-

astaticmelanoma,ovariancancer, colorectal cancerandbreast

cancer subtypes (Clemente et al., 1996; Pages et al., 2010;

Santoiemma and Powell, 2015; Tuthill et al., 2002; Zhang

et al., 2003). The first attempts to isolate and characterize the

lymphoid cells in cancerous tissue dates back to the 1970-ies

and revealed that many tumor tissues contained lymphocytes

(Blazar and Heppner, 1978; Zettergren et al., 1973). Pioneering

work in this field of researchhas been performed byDr. Steven

Rosenberg from the Surgery Branch (SB) of the National Insti-

tutes of Health (NIH), Bethesda, Maryland. Rosenberg and col-

leagues started by growing tumor-infiltrating lymphocytes

(TIL) from multiple murine tumors and demonstrated anti-

tumor activity of these TILs in vivo (Spiess et al., 1987). In amu-

rine sarcomamodel, infusion of TIL in combinationwith T cell

growth factor interleukin-2 (IL-2), appeared to be 50e100 times

more effective in killing tumor cells than Lymphokine-

Activated Killer (LAK) cells, that were generated by culturing

peripheral blood lymphocytes in the presence of high concen-

trations of IL-2 (Rosenberg et al., 1986). Importantly, TIL

cultured fromhuman tumorswere also able to lyse autologous

but not allogeneic tumor cells in a major histocompatibility

complex (MHC) dependent fashion in the majority of cases.

This observation pointed towards some patient-specificity of

this treatment, while this was lacking completely in LAK cell

therapy (Rosenberg et al., 1985). In a first TIL pilot study, twelve

patients with metastatic cancer were treated with TIL, with or

without the chemotherapeutic agent cyclophosphamide and

IL-2 (Topalian et al., 1988). Two partial responses were

observed, one in a patientwithmelanoma and one in a patient

with renal cell carcinoma. Both patients received cyclophos-

phamide prior to TIL infusion. This was the first indication

that TIL therapy could induce clinical responses in patients

with metastatic cancer and formed the basis for further

studies, which will be discussed in this review.

During the past decade, a much better understanding of

the workingmechanism of TIL therapy has been gained, espe-

cially regarding the role of lymphodepleting conditioning of

the host, the role of interleukin-2 as a survival factor for the

infused TIL, the optimal quality and quantity of the infused

cells and their antigen recognition pattern. In addition,

although growing TIL was for a long time only successful in

metastatic melanoma, the current protocols of TIL outgrowth

are now also being explored in other types of cancer as well.

These aspects and future developments will be discussed

here.
2. TIL therapy for metastatic melanoma

Since, the first clinical trial with TIL therapy by Rosenberg

et al., a series of phase I/II clinical trials have shown that
ing and followed by high dose bolus infusional IL-2 can

mediate objective responses in patients with metastatic mel-

anoma (Dudley et al., 2010, 2013, 2002, 2005, 2008; Rosenberg

et al., 2011; Rosenberg et al., 1994). Originally, the protocol con-

sisted of a metastasectomy of one or more melanoma lesions.

A total size of around 3 cm in diameter was required to be able

to successfully grow TIL from these lesions. These resected

melanomas were subsequently fragmented into microcul-

tures in the presence of IL-2. Once enough TIL were grown

from these cultures, TIL were tested for recognition of autolo-

gous melanoma cells (usually melanoma cell lines or freshly

frozen tumor digest), and if not available, reactivity to a panel

of human leukocyte antigen (HLA) matched allogeneic mela-

noma cell lines. Readout was the measurement of inter-

feron-g (IFN) secreted in the medium using an IFN-g

enzyme-linked immunosorbent assay (ELISA). Only those cul-

tures containing melanoma-reactive TIL were further propa-

gated and rapidly expanded by stimulation with soluble

anti-CD3 monoclonal antibody, high concentration of IL-2

(6000 IU/ml) and irradiated allogeneic or autologous feeder

cells. Starting with approximately 50� 106 TIL, these numbers

were expanded in a 14-day time period to 1e20 � 1010 CD3þ

TIL. After concentration of the cells to a 200e300 ml suspen-

sion, the product was ready for infusion. It was convincingly

shown that TILs selected for reactivity towards autologous

melanoma cells displayed high functional activity in metasta-

tic melanoma patients, with ORR varying between 34% and

72% of treated patients some of whom developed a long-

lasting complete remission, however, there were some impor-

tant drawbacks associated with this elaborate TIL production

protocol (Dudley et al., 2005, 2008; Rosenberg et al., 1994). First,

the selection of TIL for reactivity against autologous mela-

noma required the presence of an autologous melanoma cell

line. With a success rate for growing cell lines from patient

material of less than 50%, the selection step on autologous tu-

mor could not be done in at least half of the patients (Dudley

et al., 2003). Secondly, as only a fraction of cultures contained

tumor-reactive TILs, the total culture time to obtain enough

cells for initiating rapid expansion (200 � 106 TIL) was long.

The risk for these refractory melanoma patients to rapidly

progress up to a stage that TIL therapy was no longer consid-

ered beneficial, increased with longer culture time. Thirdly,

longer culture time also translated into obtaining TIL with a

more terminally differentiated phenotype, decreasing their

capacity to persist in vivo after infusion (Huang et al., 2005;

Powell et al., 2005). Together with the inability to grow TIL

from 20 to 25% ofmetastaticmelanoma patients, the accumu-

lative dropout rate amounted to 70% or more of patients that

could not be treated with TIL in these early studies.

In their first clinical study with these so-called “selected

TILs”, Rosenberg et al. treated 86 metastatic melanoma pa-

tients, of whom 57 received a single dose of 25 mg/kg cyclo-

phosphamide as a lymphodepleting regiment, followed by

infusion of selected TIL and high-dose intravenous bolus IL-

2 (Rosenberg et al., 1994). The overall ORR in this clinical trial

was 34%. Significant differences in overall ORR were noted in

patients who were treated with TIL from younger cultures

(p ¼ 0.0001), TIL with shorter doubling times (p ¼ 0.03) and

http://dx.doi.org/10.1016/j.molonc.2015.10.018
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TIL that exhibited higher lytic activity against autologous tu-

mor targets (p ¼ 0.0008) (Figure 1).

In 2008, Dudley et al. described three cohorts of patients

withmetastaticmelanoma treatedwith selected TIL in combi-

nation with different lymphodepleting regimens (Dudley

et al., 2008; Rosenberg et al., 2011). Lymphodepleting regimens

consisted of “standard” non-myeloablative (NMA) chemo-

therapywith cyclophosphamide and fludarabine (43 patients),

or NMA chemotherapy with cyclophosphamide and fludara-

bine (over five instead of seven days) plus a single fraction of

2 Gray (Gy) TBI (25 patients). The third cohort of patients

received the same NMA regimen as the second cohort, but

instead of 2 Gy TBI, patients in this cohort received 12 Gy

TBI; 2 Gy twice a day for three days (25 patients). All patients

received high-dose bolus IL-2 t.i.d. to tolerance. The ORR for

all 93 patients was 56%. NMA chemotherapy alone showed

an ORR of 49%, when 2 or 12 Gy TBI was added, the response

rates were 52% and 72%, respectively. Twenty complete re-

missions were seen in this clinical trial. A significant differ-

ence in ORR was noted in patients receiving less IL-2

(p < 0.001), patients receiving TIL with longer telomeres and
Figure 1 e Schematic overview of the process for adoptive cell transfer of tu

is digested into a single cell suspension in 24 well plates or fragmented. The

earlier days (selected TIL) cultures were tested for recognition of autologou

digest, and if not available a panel of HLA-matched allogeneic melanoma ce

ELISA. In the “young” TIL approach, this selection step for tumor reactivit

by stimulation with soluble anti-CD3 monoclonal antibody and, high conc

concentration, the product is infused in the previously lymphodepleted ho
larger fractions of CD8þCD27þ cells (p< 0.001). Despite the dif-

ferences seen in ORR, there appeared to be no significant dif-

ference in overall survival when comparing the three groups

(p ¼ 0.13). A separate early clinical trial was performed at

the Moffitt Cancer Center, Tampa, Florida, with 19 patients

of whom 13 were treated with selected TIL. The ORR was

38% for treated patients and 26% for the total group (Pilon-

Thomas et al., 2012).

These clinical data nicely illustrate the reproducible effi-

cacy of TIL therapy for metastatic melanoma. However, as lit-

tle is known about the exact dropout rate of patients that were

intended to be treated, these exciting response rates were

somewhat misleading. The studies pointed clearly towards

the benefits of creating a TIL infusion product in the shortest

possible culture time and infusion of as many as possible

TIL, displaying a more central memory phenotype (CD27 and

CD28 positive) and long telomeres. In order to fulfill these

goals and decrease the dropout rate, the investigators at the

SB amended the TIL production protocol by leaving out the se-

lection step. Without the selection step for tumor reactivity,

the culture time was decreased by on average three weeks,
mor-infiltrating lymphocytes. After excision, the melanoma metastasis

se suspensions/fragments are then cultured in the presence of IL-2. In

s melanoma cells (usually melanoma cell lines or freshly frozen tumor

ll lines), by measuring IFN-g secreted in the medium using an IFN-g

y has been omitted. TIL cultures are then expanded to treatment levels

entration of IL-2 and irradiated allogeneic feeder cells. After

st.

http://dx.doi.org/10.1016/j.molonc.2015.10.018
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rendering the cells ‘younger’, hence the name ‘young TIL pro-

tocol’. As a result of this modification at least 50% of patients,

who were referred for TIL therapy, could be treated.

The first clinical trial, in which patients with metastatic

melanoma were treated with young TIL, also included a CD8

enrichment step (Dudley et al., 2010). This was considered

prudent because of the risk that possibly Tregs were infused

as well, if bulk TIL were given. In this trial, 122 patients with

metastaticmelanomawere enrolled, however only 56 patients

could be treated, mainly due to either inability to grow TIL

from tumor digests (17%), disease progression prior to TIL

infusion (16%), or no evaluable disease after metastasectomy

(11%). Although, the dropout rate was still high (50%), this

was substantially less compared to the delivery of selected

TIL. The ORR for all treated patients in this trial was 54%.

Within the group of patients that received NMA TIL an ORR

of 58% was observed, compared to 48% for patients treated

with NMA þ 6Gy TBI. The ORR for all 122 enrolled (intention

to treat) patients was 25%.

The clinical protocol of using unselected young TIL in com-

bination with NMA and high dose IL-2 was subsequently

implemented in TIL trials at other centers in and outside the

US. The results from these trials are summarized here.

At the Ella Institute in Tel Aviv, Israel, 55 patientswithmet-

astatic melanoma, who had received at least prior high dose

IL-2, were enrolled in a phase II clinical trial with young TIL

(Itzhaki et al., 2011). Thirty-two patients received TIL infusion.

The dropout ratewas 42%,mostly due to development of brain

metastases, rapid disease progression, and inability to grow

TIL. The ORR for patients that had received TIL infusion was

47%, including four patients with a complete response (CR),

whereas the ORR for the total cohort of 55 patients was 27%.

These results were very much in line with the outcomes

observed in the study with CD8-enriched TIL at the SB. Also

in agreementwith prior studieswas the finding of a significant

correlation between patients receiving TIL with a shorter cul-

ture time (p ¼ 0.0008), higher number of infused cells

(p ¼ 0.0251), or TIL cultures with a higher percentage of

CD8þ T cells (p ¼ 0.0144) and outcome (ORR).

This study was updated recently and reported on 80 pa-

tients, of whom 57 were treated with young TIL following

NMA with cyclophosphamide and fludarabine and high dose

bolus IL-2 following TIL infusion (Besser et al., 2013). In the

intention-to-treat analysis the ORR was 29% and for the

treated group 40%. The total number of complete responders

was 5%. The 3-year overall survival of responding patients

was 78%.

In another trial conducted at theMDAndersonCancer Cen-

ter, 31 patients with metastatic melanoma were treated with

young TIL (Radvanyi et al., 2012). The biggest difference rela-

tive to the Ella Institute protocol was a second course of

high-dose (HD) IL-2 three weeks after TIL infusion. ORR for

the 31 treated patients was 42%. Significant differences in

ORR were seen in patients receiving more TIL (p ¼ 0.0003), pa-

tients receiving a higher percentage of CD8þ cells (p ¼ 0.001)

and patients receiving a higher absolute number of CD8þ cells

(p ¼ 0.0003). Two patients developed a complete response.

At the Herlev Hospital in Copenhagen, Denmark, we

treated patients with TIL in two sequential studies. One pilot

study in which NMA TIL was combined with low dose IL-2
and a second phase II study with decrescendo IL-2 dosing

(see section on IL-2). Thirty-three patients were enrolled in

the phase II trial of whom 25 were treated with TIL. Ten of

24 evaluable patients obtained an objective response, of which

3 CR (R. Andersen, manuscript submitted).

In 2013, Dudley et al. reported the results of a randomized

controlled phase II clinical trial in patients with metastatic

melanoma who were randomized to receive either CD8þ

enriched young TIL or unselected young TIL (Dudley et al.,

2013). Hundred and one patients were enrolled in this clinical

trial of whom 69 were actually treated with TIL. Of these, 35

patients received CD8-enriched TIL and 34 received unse-

lected young TIL. ORR for the two arms of the study were

20% and 35% respectively, although this difference was not

statistically significant due to the small number of patients

that were enrolled in this study.

These selected clinical trials utilized young TIL for the

treatment of metastatic melanoma. Although, the treatment

protocols were not completely equal (use of TBI next to

NMA, different schedules of IL-2, CD8-enrichment), the

outcome of these trials conveyed very similar messages.

When combining the 3 largest studies a total of 336 patients

were enrolled. Of these 207 patients were actually treated

with TIL, resulting in a dropout rate of 38% of patients, mostly

due to rapid disease progression, development of symptom-

atic brain metastases, inability to generate TIL or due to with-

drawal of informed consent. An objective response was seen

in 82 patients, or 40% of treated patients and 24% of all

enrolled patients. In all four clinical trials combined 18 com-

plete responses were seen, this amounts to 9% of all treated

patients, or 5% of all enrolled patients (see Table 1).
3. Role of lymphodepletion

Several mouse models have demonstrated that conditioning

of the host by use of chemotherapy or total body irradiation

(TBI) improved the response rate of adoptive T cell therapy.

Berendt and North were the first to point out that immuno-

suppressive T cells from the host could prevent complete

eradication of established transplanted tumors by adoptive

T cell therapy (Berendt and North, 1980). Thus, only hosts

that were T cell deficient by prior thymectomy demonstrated

tumor rejection. Similarly, the use of cyclophosphamide and

TBI in conjunction with adoptive cell therapy appeared

much more effective in comparison to non-pretreated mice

(Berenson et al., 1975; Eberlein et al., 1982). Also in patients

with metastatic cancer, lymphodepleting host conditioning

resulted in high objective response rates (ORR) upon adoptive

cell transfer and durable benefit for the treated patients

(Dudley et al., 2002). By studying the immunological effects

of host lymphodepletion in murine models, several mecha-

nisms of action have been suggested. First, by inducing a tem-

porary lymphopenic state in the host the remaining

peripheral lymphocytes will restore the original lymphocyte

pool by a process called homeostatic expansion. Under these

conditions, the infused syngeneic lymphocytes were more

likely to expand and engraft in vivo. Second, lymphodepletion

could cause a decrease in competition with endogenous T

cells for antigen-presenting cell interaction. Recently,

http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018


Table 1 e Studies evaluating the effect of tumor-infiltrating lymphocytes in patients with metastatic melanoma.

Reference TIL
production

Culture
time

(weeks)

Enrolled
patients

Treated
patients

(%)

Reason dropout Lymphodepleting
chemotherapy

regimen

IL-2 regimen Response according
to RECIST

PD or
development

sBM

No TIL Other OR (n) % OR
(enrolled
patients)

% OR
(treated
patients)

(Rosenberg et al.,

1994)

Selected e 86 86 (100) e e e 57 received Cy

(25 mg/kg) as single

infusion

720,000 IU/kg t.i.d.

to tolerance

Repeated after 21

days

29 34 34

(Schwartzentruber

et al., 1994)

Selected 5e7

(without

REP)

41 43 (2 patients

received

multiple

treatments)

e e e 16 patients received

Cy (25 mg/kg) as

single infusion

720,000 IU/kg t.i.d.

to tolerance, or

216,000 IU/kg and

IFN-alpha

3� 106 U/m2 t.i.d. to

tolerance

9 21 21

(Dudley et al.,

2008; Rosenberg

et al., 2011)

Selected 5e8 93 93 (100) e e e 1st cohort Cy 60 mg/

kg (day �7&-6) þ Flu

25 mg/m2 (day �5

through �1)

2nd cohort Cy 60mg/

kg (day �6&-5) þ Flu

25 mg/m2 (day �6

through �2) þ 2 Gy

TBI

3rd cohort Cy 60 mg/

kg (day �7&-6) þ Flu

25 mg/m2 (day �7

through

�3) þ 2 � 2 Gy TBI

per day for 3 days

720,000 IU/kg t.i.d.

to tolerance

Maximum of 15

doses

1st cohort 21

(5 CR, 16 PR)

2nd cohort 13

(5 CR, 8 PR)

3rd cohort 18

(10 CR, 8 PR)

1st cohort 49

2nd cohort 52

3rd cohort 72

Total: 56

1st cohort 49

2nd cohort 52

3rd cohort 72

Total: 56

(Dudley et al.,

2010)

CD8þ

enriched

“young”

4e5 122 53 (43)

þ3 additional

patients from

prior

resections

20 21 28 1st cohort Cy 60 mg/

kg (day �7&

�6) þ Flu 25 mg/m2

(day �5 through �1)

2nd cohort Cy

60 mg/kg (day �7&-

6) þ Flu 25 mg/m2

(day �5 through

�1) þ 3 � 2 Gy TBI

720,000 IU/kg t.i.d.

to tolerance

Maximum of 15

doses

1st cohort 19

(3 CR, 16 PR)

2nd cohort

11

(2 CR, 9 PR)

Total: 30 (5 CR,

25 PR)

25 1st cohort 58

2nd cohort 48

Total: 54



(Ellebaek et al.,

2012)

Selected 7e8

(including

REP)

11 6 (55) 4 1 e Cy 60 mg/kg (day

�7&-6) þ Flu 25 mg/

m2 (day �5 through

�1)

2 MIU s.c. for 14

days

2 (2 CR) 18 33

(Ullenhag et al.,

2012)

Selected 6 (not

including

REP)

24 24 (100) e e e Cy 60 mg/kg (day

�7&-6) þ Flu 25 mg/

m2 (day �5 through

�1)

2.4 � 1 6 units/m2

until P or

toxicit s

5 (1 CR, 4 PR) 21 21

(Pilon-Thomas

et al., 2012)

Selected 8e10

(including

REP)

19 13 (68) 4 1 1 (SAE during

chemotherapy)

Cy 60 mg/kg (day

�7&-6) þ Flu 25 mg/

m2 (day �5 through

�1)

720,00 IU/kg t.i.d.

to tole nce

Maxim m of 15

doses

5 (2 CR, 3 PR) 26 38

(Radvanyi et al.,

2012)

“Young” 7 (including

REP)

31 31 (100) e e e Cy 60 mg/kg (day

�7&-6) þ Flu 25 mg/

m2 (day �5 through

�1)

720,00 IU/kg t.i.d.

to tole nce

Maxim m of 15

doses

Secon cycle of IL-2

21 day post TIL

infusio

13 (2 CR, 11 PR) 42 42

(Dudley

et al., 2013)

“Young”a 3e7 101 69 (68) 15 17 e Cy 60 mg/kg (day

�7&-6) þ Flu 25 mg/

m2 (day �5 through

�1)

720,00 IU/kg t.i.d.

to tole nce

Maxim m of 15

doses

1st cohort

12 (2 CR, 10 PR)

2nd cohort

7 (3 CR, 4 PR)

Total: 19 (5 CR,

14 PR)

19 28

(Besser et al., 2013) “Young” 4 (including

REP)

80 57 (71) 11 8 3 refused Cy 60 mg/kg (day

�7&-6) þ F 25 mg/

m2 (day �5 through

�1)

720,00 IU/kg t.i.d.

to tole nce

Maxim m of 15

doses

23 (5 CR, 18 PR)

1 patient died

during

chemotherapy

regimen

29 40

(Rikke Andersen,

2014)

“Young” e 33 25 (76) 7 1 0 Cy 60 mg/kg (day

�7&-6) þ F 25 mg/

m2 (day �5 through

�1

18 MIU m2 s.c. over

6, then 2 and then

24 h, f lowed by

4.5 MI m2 over

24 h q days

10 (3 CR, 7 PR)

1 patient not

yet evaluated

30 40

Abbreviations: CR, complete remission; Cy, Cyclophosphamide; Flu, Fludarabine; Gy, Gray; IU, international unit; kg, kilogram; mg, milligram; OR, jective response; PD, progressive disease; PR, partial remis-

sion; REP, rapid expansion protocol; SAE, serious adverse even; sBM, symptomatic brain metastases; s.c., subcutaneous; t.i.d., ter in die; TIL, tum -infiltrating lymphocytes.

a Either unselected “young” TIL or unselected “young” CD8þ-enriched TIL.
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Gattinoni et al., demonstrated in a murine B16 melanoma

model that infusion of gp100-specific pmel-1 T cells followed

by IL-2 wasmuchmore effective in non-lethally irradiated an-

imals than in non-irradiated mice. Induction of lymphopenia

did not result in increased expansion of adoptively transferred

pmel-1 T cells, but rendered these cells functionally much

more active. This phenomenon could be explained by the

depletion of regulatory and immunosuppressive CD4þ, FoxP3þ

regulatory T cells (Tregs), which is a potentially third effect of

lymphodepletion.

Fourth, removingso-called cellular sinks, especiallyNKcells

that highly compete with the adoptively transferred T cells for

the host homeostatic cytokines IL-7 and IL-15 is considered a

very important contribution of lymphodepletion on efficacy of

TIL therapy. Whereas IL-7 appears to be required for the prolif-

eration and survival of the T cells, IL-15 critically serves to

maintain or improve the functional quality of the pmel-1T cells

(Gattinoni et al., 2005).Notably, inpatients receiving lymphode-

pleting conditioning regimens the serumconcentrations of IL-7

and IL-15 also increased (Dudley et al., 2008).

In patients with metastatic melanoma, lymphodepleting

chemotherapy consisting of cyclophosphamide and fludara-

bine induces a temporary lympho- and leukopenic state last-

ing around 5e10 days. For bone marrow recovery, CD34þ

peripheral bone marrow stem cell support is not required.

Dudley et al. examined whether intensifying the lymphode-

pletion by adding TBI to the non-myeloablative chemotherapy

(NMA) regimen, would improve the outcome of TIL treated pa-

tients (Dudley et al., 2008). Two cohorts of 25 patients each

were treated either with cyclophosphamide/fludarabine plus

2 Gy TBI, or 12 Gy TBI. In both groups ,bone marrow recovery

was supported by autologous peripheral blood stem cell trans-

plantation. Compared to a cohort of patients treated with

chemotherapy alone (ORR 48.8%), adding TBI resulted in ORR

of 52% and 72% respectively for 2 Gy and 12 Gy TBI. As this

was not a randomized controlled trial, these differences in

outcome could be explained by variation in patient selection,

however this outcome warranted direct comparison in a ran-

domized controlled trial (RCT). This clinical trial (Clinical-

Trials.gov Identifier: NCT01319565) is still ongoing, but

preliminary results presented so far fail to show a difference

in clinical outcome between patients treated with chemo-

therapy compared to chemotherapy plus 12 Gy TBI (Rosen-

berg, personal communication).

In summary, conditioning by depletion of lymphocytes and

NK cells appears to be an important component in the success

of TIL therapy for metastatic melanoma, through depletion of

immunosuppressive cells from the host and tumor micro-

environment and removal of cellular sinks for homeostatic cy-

tokines IL-7 and IL-15. So far, the necessity for increased lym-

phodepletion has not clearly been demonstrated. Obviously, a

more stringentmyeloablative conditioning regimen, requiring

autologous CD34þ stem cell support, would complicate a

wider application of TIL therapy considerably.
4. Interleukin-2 dosing schedule

In the original TIL treatment regimen published by Rosenberg

et al., a high-dose (HD) bolus IL-2 schedule of 720.000 IU/kg i.v.
every 8 h was initiated immediately after TIL-infusion and

continued until treatment limiting toxicity (Rosenberg et al.,

2011). This classical HD IL-2 schedule has been used as stan-

dard of care for treatment of metastatic melanoma for several

decades and the rationale for its use after TIL infusion is to

support the continued growth and activity of the infused TIL

(Atkins et al., 1999).

TheHD IL-2 regimen is associatedwith transient but severe

systemic toxicity affecting multiple organ systems and

restricting its use to highly specialized cancer centers with

experienced clinicians and intensive care support (Schwartz

et al., 2002). To this end, HD IL-2 administration to patients

experiencing pancytopenia after HD chemotherapy leads to

a particularly vulnerable medical condition with the need of

intensive monitoring and specialist care.

The requirement for repeated high doses of IL-2 in order to

obtain clinical efficacy after TIL based ACT has never been

documented in the clinical setting. On the contrary, data

from the SB showing that patients who experienced an objec-

tive response received fewer doses of HD IL-2 as compared to

non-responders, have recently questioned the administration

of multiple high doses of IL-2 (Yao et al., 2012). This might be

explained by the fact that IL-2 administration significantly

increased the number of Tregs with a direct correlation be-

tween the number of IL-2 doses given and reconstitution of

Treg numbers in the blood and an inverse correlation between

reconstitution of the Tregs and the probability of achieving an

anti-tumor response (Yao et al., 2012).

At the Center for Cancer ImmuneTherapy, Herlev Hospital,

University of Copenhagen, Denmark we have tested a low and

an intermediate IL-2 dose schedule TIL based ACT. In an initial

pilot study including six melanoma patients a low-dose

regimen of IL-2 was used, consisting of subcutaneous (s.c.)

administration of IL-2, 2 million international units (MIU)/

day for 14 days. Two of these patients achieved complete

and long-lasting responses (Ellebaek et al., 2012). Both patients

experienced recurrence of a solitary metastasis (1 and 3 years

after therapy), which was surgically removed and are

currently free of disease more than 4 years after therapy. In

a subsequent phase II trial presented at ESMO 2015, the inter-

mediate decrescendo IL-2 schedule was used (Keilholz et al.,

1997). This regimen consists of five days continuous intrave-

nous (i.v.) infusion of decreasing IL-2 doses: 18 MIU/m2 over

six, then 12, and then 24 h followed by 4.5 MIU/m2 over 24 h

for three days. In this study, 25 patients were treated, with

an ORR of approximately 40% which is comparable to what

has previously been publishedwith high dose bolus IL-2 (Rikke

Andersen, 2014). Low-dose subcutaneous IL-2 was associated

with very limited toxicity while i.v. decrescendo IL-2 led to

increased, but certainly manageable toxicity, without the

requirement for intensive care support.

These studies indicate that objective and durable re-

sponses can in fact be induced without the use of HD IL-2.

Thus, the optimal dosing of IL-2 after TIL transfer in regard

to clinical efficacy as well as toxicity requires further investi-

gation, which may likely lead to dose reduction of IL-2 in the

future. A randomized phase II trial, TIL therapy in metastatic

melanoma and IL-2 dose assessment (ClinicalTrials.gov Iden-

tifier: NCT01995344), testing HD versus low dose IL-2 is

planned at The Christie Hospital NHS Foundation Trust,

http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://ClinicalTrials.gov
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
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Manchester, United Kingdom, but is not yet recruiting pa-

tients. Another non-randomized phase II study at the SB,

plans to assess the feasibility of TIL based ACT for melanoma

without the use of IL-2 (ClinicalTrials.gov Identifier:

NCT01468818).
5. Quality and quantity of TIL

Preclinical models on adoptive cell therapy for the treatment

of cancer demonstrated the absolute requirement for CD8þ T

cells within the infusion product for anti-tumor efficacy. In

some models, the presence of CD4þ T cells was required as

well (Antony et al., 2005). In addition, the absolute numbers

of transferred T cells correlated with outcome in these

models, showing that infusion of more cells resulted in better

tumor control. Other factors such as lymphodepletion and

combination with high dose of IL-2 improved persistence of

the TILs after transfer and efficacy of the treatment (Cheever

et al., 1980; North, 1982). Based on these preclinical findings,

clinical trials were designed and many aspects of preclinical

evidence were found in human studies as well. In clinical tri-

als performed at the SB and other centers, correlation between

ORR and absolute number of infused T cells was very consis-

tent (Itzhaki et al., 2011; Radvanyi et al., 2012). However, a

clear correlation between in vitro antitumor reactivity of the

TIL product and clinical response has not be demonstrated,

suggesting that the TIL products with the highest fold expan-

sion might hold the “fittest” cells with the highest antitumor

activity.

Infusion of a less differentiated cell population is another

important factor in improving the efficacy of TIL both in pre-

clinical models and humans (Klebanoff et al., 2012). As TIL,

by virtue of their presence within the tumor micro-

environment, are thought to be antigen experienced T cells,

these cells have already gained effector function. Correlations

with clinical outcome have been found for surface expression

of the co-stimulatorymolecules CD27 and CD28 by the infused

cells, which is indicative of a less terminally differentiated

phenotype (Huang et al., 2005; Powell et al., 2005). In a report

by Tran et al., the expression of CD27 and CD28 wasmeasured

by flow cytometry in young TIL and standard TIL cultures

(Tran et al., 2008). Fourteenmatched pairs of young (mean cul-

ture age of 12 days) and standard (mean culture age 25 days)

TIL were generated from tumor specimens. Flow cytometry

analysis demonstrated that phenotypic expression of CD27

and CD28 differed in young versus standard TIL. Young TIL

had significantly higher expression of CD27 and CD28,

p < 0.00001 and p ¼ 0.003, respectively, confirming their less

differentiated phenotype.

Indicative of a less differentiated T cell pool is also its pro-

liferative capacity at the time of infusion, as determined by

the length of telomeres. In several clinical studies, longer telo-

mere length was associated with ORR (Rosenberg et al., 1994;

Dudley et al., 2008; Itzhaki et al., 2011). It was shown that

although telomere lengths varied widely at any given TIL

age, there was an inverse correlation between culture time

and mean telomere length of TIL (p < 0.001).

TIL products contain variable quantities of CD4þ T cells,

but their role in mediating tumor regression has not been
well clarified. Some studies suggested that a higher percent-

age of CD4þ TILs in the infusion products may be associated

with worse outcomes after treatment (Prieto et al., 2010;

Radvanyi et al., 2012). However, reports on single patient cases

seem to indicate that effector CD4þ TILs may mediate anti-

tumor effector functions (Friedman et al., 2012; Robbins

et al., 2002; Tran et al., 2014). More recently, we showed that

about 50% of patients with melanoma harbor tumor-reactive

CD4þ TILs. These cells can recognize MHC class II positive

autologous melanoma cells but are largely monofunctional

(Donia M et al., manuscript submitted). It seems therefore un-

likely that, in the majority of patients, tumor-specific CD4þ T

cells mediate clinical effects.

More recently, in depth phenotypic analysis comparing

characteristics of CD8þ TIL to peripheral blood CD8þ T cells

from the same patients indicated that TIL have a distinct

expression pattern of co-inhibitory and co-stimulatory mole-

cules PD-1, LAG3, TIM3 and 4-1BB (CD137) (Gros et al., 2014).

Although, the level of expression varied, CD8þ TIL invariably

showed higher expression of thesemolecules compared to pe-

ripheral blood CD8þ T cells. Importantly, the in vitro tumor-

reactive T cells within TIL resided within this population.

When stimulated with the autologous tumor cells, only

PD1þ, LAG3þ and TIM3þ TIL showed cytolytic activity, pro-

duced IFN-g and started to express 4-1BB (as marker of T cell

activation), whereas the PD1�, LAG3� and TIM3� cells failed

to do so. Clonotypic frequencies measured by TCRVbeta

sequencing between PD1þ and PD1� CD8þ TIL differed consid-

erably, showing oligoclonal expansion within CD8þ/PD1þ

compared to CD8þ/PD1� TIL, reminiscent of prior antigen

encounter and antigen-driven proliferation. The tumor-

reactive TIL resided within the CD8þ/PD1þ clonotypes. In

another study by Ye et al., 4-1BB was mainly expressed on

the tumor-reactive lymphocyte subset within TILs (Ye et al.,

2014). In this study, 4-1BBþ and 4-1BB� T cells from ovarian

cancer were cultured overnight in median supplemented

with IL-7/IL-15. The 4-1BBþ and 4-1BB� fractions were then

cultured for 8e10 days in IL-2 and tested for reactivity against

autologous tumor cells. 4-1BBþ TILs secreted IFN-g in

response to autologous tumor cells, whereas 4-1BB� TILs did

not. These results strongly suggest that pre-selection of TIL

either by PD1 expression or 4-1BB prior to rapid expansion,

can lead to enrichment of tumor-reactive T cells and increase

the efficacy of this treatment. Not only does 4-1BB play a role

in the possible selection of tumor-reactive T cells, 4-1BB co-

stimulation could also be involved in improving TIL survival

following ACT and potentially boost anti-tumor cytolytic ac-

tivity. It is known that the majority of post-REP CD8þ T cells

lose the expression of the co-stimulatory molecule CD28 (Li

et al., 2010). Furthermore, the expression of the co-

stimulatory molecule CD27 is lost after stimulation of TILs

with IL-2 (Huang et al., 2006). With the loss of both CD27 and

CD28, alternative co-stimulation pathways may have an

important role in maintaining TIL survival after ACT, and 4-

1BB could be such a candidate. When the agonistic anti-4-

1BB antibodywas added during the initial tumor fragment cul-

tures to provide 4-1BB costimulation, this resulted in an accel-

erated expansion of CD8þ TIL. Furthermore, it also appeared

that TIL expanded in the presence of anti-4-1BB antibody

showed increased antitumor reactivity, as measured by INF-

http://ClinicalTrials.gov
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
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g release after a 24-h tumor cell-TIL co-culture assay (Chacon

et al., 2013, 2015).
6. TIL recognition of tumor antigens

T cells recognize antigens expressed at the cell surface pre-

sented by MHC class I and II molecules. For melanoma TIL,

recognition of several classes of antigens have been described.

First, there are antigens derived from melanocyte differentia-

tion antigens (MDA), especially MART-1 and gp100, but also

tyrosinase and tyrosinase related peptides 1 and 2 (Bakker

et al., 1994; Engelhard et al., 2002; Kawakami et al., 1994;

Robbins et al., 1994; Romero et al., 1997). In many TIL, CD8þ

T cells specific for MART-1 and gp100 have be found (Castelli

et al., 1995). Most melanomas express MART-1 and gp100,

and the fact that T cells specific for these antigens are some-

times abundantly present in TIL, at least suggest that these

T cells have undergone antigen-specific expansion. As these

proteins are also expressed in normal melanocytes in skin,

eye and inner ear aswell, one could expect that following infu-

sion of 1011 TIL harboring MART-1 or gp100 specific T cells, pa-

tients would develop toxicities as a result of melanocyte

destruction, such as skin rash, vitiligo, uveitis or even the

VogteKoyanagieHarada syndrome (uveitis, dermatitis, with

also neurologic and inner ear involvement due to melanocyte

destruction). Although, these toxicities were indeed observed

in patients treated with T cells genetically modified to express

high-affinity MART-1 or gp100-specific T cell receptors, this

was not the case in the many melanoma patients that have

been treated with TIL, despite the (oftentimes low abundant)

presence of MART-1 or gp100-specific cells, thereby perhaps

questioning the relevance of these cells for melanoma rejec-

tion. A correlation between presence of these cells and

outcome after TIL treatment has not been demonstrated

(Kvistborg et al., 2012).

Another class of antigens that is recognized by melanoma

TIL are Cancer/Testis (C/T) gene products. These genes are

normally expressed during embryogenesis and in germ cells,

however are silenced in other tissues. Many tumors can start

to aberrantly express these genes. One example is the mela-

noma antigen (MAGE), first described by Boon and colleagues,

expressed on melanoma cells and other tumors, but not on

normal tissue (Traversari et al., 1992). Later, many more C/T

antigens were discovered, including SSX2, NY-eso-1, RAGE

and SAGE (Chen et al., 1998; Scanlan et al., 2002). Some of

them have sub-members, such as the MAGE antigens

(MAGE-A1 through 12, MAGE-B andMAGE-C) familymembers,

and many are expressed on a wide variety of different tumor

histologies. In a recently published study, we carefully exam-

ined the frequency of CD8þ T cells specific for previously

described C/T epitopes within melanoma TIL infusion prod-

ucts from the SB and the Ella Institute. The screen, which uti-

lized soluble peptide-MHC multimers, (HLA-A*0201 harboring

known antigenic peptides from C/T antigens) in a flow-

cytometry based combinatorial encoding strategy (Hadrup

et al., 2009; Toebes et al., 2006), revealed that C/T antigen spe-

cific T cells can oftentimes be found, although in the majority

of patients tested, the frequency of these cells was rather low,

seldom higher than 0.1% of CD8þ TIL (Kvistborg et al., 2012).
That C/T antigen specific T cells can result in tumor rejection,

was endorsed by an adoptive T cell transfer study using pe-

ripheral blood T cells genetically equipped with a NY-eso-1

specific TCR (Robbins et al., 2011). The role of C/T antigen spe-

cific TIL in tumor rejection is not yet fully appreciated, and

may differ between tumor types.

Next to expressing C/T antigens, tumors may also overex-

press proteins that give rise to antigen-specific T cell re-

sponses. One example is Meloe-1, encoded by a gene that is

overexpressed as a result of epigenetic changes in the tumor

(Chalopin et al., 2015; Godet et al., 2008). The aforementioned

screen of melanoma TIL infusion products also included

known overexpressed antigens. CD8þ T cells specific for these

antigens were present within TIL coming from several pa-

tients. Again the frequency of these T cells was generally

very low.

With current DNA technologies readily available, full

exome sequencing of tumor derived DNA has become feasible

in a limited period of time and to affordable costs. The

Welcome Trust Sanger Institute recently published the results

of high fidelity DNA sequencing of many human tumors and

revealed the mutational load within these tumors

(Alexandrov et al., 2013). On average, melanomas were found

to contain the highest number of somatic mutations per meg-

abase of DNA, followed by NSCLC, bladder cancer, stomach

and esophageal cancer, whereas leukemias harbor only few

mutations Already several decades ago, melanoma derived T

cells specific formutated antigens such as CDK4 and b-catenin

were described (Robbins et al., 1996; Wolfel et al., 1995), how-

ever their role as tumor rejection antigens has largely been

ignored as these mutations are patient specific and rare. To

identify potential neo-epitopes, whole exome DNA sequence

data of tumor and matching healthy cells need to be aligned

in order to detect patient-specific mutations. RNA expression

data is used to subsequently assesswhether amutated gene is

transcribed and its gene-product potentially expressed on the

tumor cell surface. Several approaches can be followed to

assess whether the T-cell based immune system is able to

recognize and respond to these mutated antigens. One such

approach followed by the SB utilizes synthesis of minigenes

encoding fragments corresponding to the mutation flanked

on both sides by four amino acids. Theseminigeneswere tran-

siently transfected into COS-7 cells for stimulation of TIL (Lu

et al., 2014). A different approach followed by our group at

the Netherlands Cancer Institute (NKI) utilized peptide-MHC

binding algorithms to predict potential epitopes around these

mutations for the different HLAmolecules of the patients, fol-

lowed by the generation of peptide-MHC multimers and

screening of TIL for the presence of neo-antigen specific

CD8þ T cells (van Rooij et al., 2013). Using a different approach,

we were able to screen for neo-antigen specific CD4þ T cells as

well (Linnemann et al., 2015). In the vast majority of patients,

both approaches led to the discovery of neo-antigen specific T

cell responses within TIL products. In most cases, the fre-

quency of TIL reactive against mutated antigens appeared

higher than what was previously observed for other antigen

classes. However, despite the high number of nonsynony-

mous somatic DNA mutations found in melanoma, only

very few appear to lead to a neo-antigen specific T cell

response. This may be explained by 1.) not all DNA mutations

http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
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are in expressed genes, 2.) mutated proteins need to be prop-

erly processed to generate class I binding epitopes 3.) the TCR

repertoire needs to cover these potential neoantigens, 4.) our

technical set-up may be far from optimal (incomplete RNA

seq, imperfect prediction algorithms for binding to different

HLA molecules). Importantly, the few neoantigen specific T

cells responses found per patient so far are highly unique for

every patient, indicating that the induction of a T cell response

againstmutated antigens appears to be a randomprocess that

can best be explained by a probabilistic lottery model

(Schumacher and Schreiber, 2015) (see Figure 2).

In conclusion, within melanoma TIL reside T cells, both

CD4þ and CD8þ that recognize tumor antigens. These antigens

can be derived fromMDA, C/T genes, overexpressed genes and

mutated genes. Immunological tolerance is likely lacking for

epitopes coming from mutated genes, which could result in

higher affinity T cells than those specific for most other anti-

gens. Whether these T cells are in general functionally supe-

rior still remains to be demonstrated.
7. Beyond melanoma e TIL for other tumor types

The presence of TILs and its association with improved sur-

vival has been documented in virtually every human cancer

studied (Fridman et al., 2012; Gooden et al., 2011). It therefore

seemed logical to test TIL therapy for any solid tumor, depend-

ing on the ability to grow TIL that are reactive to autologous

tumors.

So far, adoptive cell transfer immunotherapy with TILs

has been applied with consistent success only in metastatic

melanoma. Indeed, early studies in melanoma showed that
Figure 2 e Schematic overview of the possible selection of neo-antigen spec

mutations. Resulting epitopes are used to identify neo-antigen specific T cel

are then further expanded and infused into the previously lymphodepleted
TILs could be expanded in vitro and recognize autologous

tumors, but until recently it was difficult to demonstrate

similar level of tumor recognition in other tumor histol-

ogies (Muul et al., 1987; Topalian et al., 1987). Here we

describe the main advances in characterization of TIL and

application of TIL therapy in other major types of solid

tumors.
8. Cervical cancer

Persistent infection with human papilloma viruses (HPVs) is

essential in the pathogenesis of virtually all cervical cancers

(Walboomers et al., 1999), and prophylactic HPV vaccination

is now recognized as a standard procedure for the prevention

of cervical cancer and other HPV-associated diseases (Wang

et al., 2015). However, despite its immunogenicity and encour-

aging recent results in patients with high-grade cervical intra-

epithelial neoplasia (Maldonado et al., 2014), an effective

therapeutic vaccine for established cervical cancer has not

yet been developed. It was suggested that the relatively low

magnitude of vaccine-induced immune responses, and the

immune suppression mediated by large established tumors

may represent a barrier to the induction of immune-

mediated regression of cervical cancers with classical immu-

nization protocols (Zsiros et al., 2015).

In a recent study, Stevanovic et al. reported that out of nine

patients with recurrent metastatic cervical cancer treated

with TIL therapy (when possible, TIL microcultures were

selected for HPV E6 and E7 oncoprotein reactivity), three pa-

tients experienced an objective response including two pa-

tients with complete tumor regression lasting over one year.
ific TIL. Excised metastatic melanoma is analyzed for cancer-specific

l responses within T cell populations. The neo-antigen specific T cells

patient.

http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
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Interestingly, responses occurred only when reactivity to E6

and E7 HPV-related oncoproteins was demonstrated in TILs

(Stevanovic et al., 2015). Though these findings may warrant

further optimization, it is currently not known whether the

T cell reactivity to E6 and E7 by itself is mediating tumor

regression or, rather, whether this represents a biomarker of

more potent antitumor immune responses directed towards

other tumor antigens.

This pivotal study demonstrates the feasibility and efficacy

of this approach in selected patients with metastatic cervical

cancer, and will ensure further development of adoptive cell

therapy in this malignancy.
9. Ovarian cancer

In ovarian cancer, the prognostic significance of tumor-

infiltrating T-cells has been known for over a decade (Zhang

et al., 2003) and several recent studies have confirmed and

expanded on these results (Hwang et al., 2012). For instance,

two recent studies from independent groups, demonstrated

the presence of functional tumor-antigen specific T-cells in

the tumor microenvironment of ovarian cancer (Landskron

et al., 2015; Webb et al., 2015).

Through characterization of the tumor mutanome and

comprehensive screening of mutation-specific T-cells ob-

tained from the tumor microenvironment of three patients,

Wick et al. demonstrated a highly specific CD8þ T cell

response to a nonsynonymous mutation in one patient

(Wick et al., 2014). Thus, these data demonstrate that some de-

gree of immune surveillance to the tumor mutanome may be

present in selected patients with ovarian cancer.

Encouraging clinical data from the use of TILs in ovarian

cancer were already reported in the 90’s (Aoki et al., 1991;

Freedman and Platsoucas, 1996; Fujita et al., 1995). However,

based on the current knowledge of the biology of immune re-

sponses to ovarian cancer, as well as new protocols for adop-

tive transfer, which consistently demonstrated efficacy in

melanoma, the possibility to revisit TIL therapy for ovarian

cancer is highly warranted. To this end, we are currently

developing optimized protocols to apply TILs in ovarian

cancer.
10. Kidney cancer

It has been known for decades that effective manipulation of

the immune system can mediate durable complete responses

in a small fraction of patients with advanced kidney cancer

(Rosenberg et al., 1998). However, despite early demonstration

that renal cell carcinoma (RCC) contain tumor-antigen specific

cytotoxic T-lymphocytes (Becker et al., 2001; Schendel et al.,

1997; Wang et al., 2012), previous clinical trials with TIL ther-

apy in RCC has been quite disappointing and, in general, it

has been particularly difficult to demonstrate any tumor reac-

tivity of RCC TIL (reviewed in (Shablak et al., 2009)).

In recent years, two studies demonstrated the utilization of

optimized methods for TIL manufacturing to generate high

numbers of TILs with (at least to some extent) tumor

reactivity.
Schachter and co-workers (Sheba Medical Center, Tel-

Hashomer, Israel), who are very experienced in applying TIL

therapy in metastatic melanoma, have tested the same exact

methods of TIL manufacturing that have been used with suc-

cess in melanoma in RCC (Markel et al., 2009). They demon-

strated that TILs from some patients could exert antitumor

functions. Indeed, in a few cases TILs secreted IFN-g upon

recognition of autologous tumors, while in other cases TILs

exerted killing activity. Surprisingly, none of the TIL cultures

demonstrated simultaneous killing and IFN-g secretion

(Markel et al., 2009). The relatively low sensitivity of some as-

says used in this study may explain this apparent paradox.

However, functional deficiencies of tumor-specific TILs in

RCC have indeed been described, thus firm conclusions

cannot be drawn (Wang et al., 2012).

The group of R. Hawkins (University of Manchester, UK),

also with extensive experience in generating TILs from meta-

static melanoma, was able to optimize the method of expan-

sion by using anti-CD3/anti-CD28-coated paramagnetic

beads. With this method, IFN-g secretion from expanded

TILs co-cultured with uncultured tumor cells was shown in

about 50% of patients (Baldan et al., 2015).

Despite the heterogeneous and, in some cases, conflicting

results, these studies demonstrate that TIL therapy may be

feasible in RCC and warrant additional clinical testing. Along

this line of research, our group, at the Herlev Hospital in

Copenhagen, is currently testing optimized methods of TIL

manufacturing in order to apply TIL therapy in RCC.
11. Gastrointestinal cancers

A high TIL density is considered a good prognostic indicator in

various gastrointestinal adenocarcinomas (Fridman et al.,

2012). Several studies have established the prognostic

discriminatory power of immune-cell signatures (in particular

cytotoxic CD8þ and memory CD45ROþ T cells) in colorectal

cancer, including data clearly suggesting that the “immuno-

score” is superior to standard staging systems (Galon et al.,

2006; Mlecnik et al., 2011).

Thus, it is not surprising that two recent studies have

demonstrated the presence of naturally occurring tumor-

reactive CD8þ T-cells in the tumor microenvironment of pa-

tients with gastrointestinal cancers (Turcotte et al., 2013,

2014). With a very high efficiency, TILs could be cultured

(Turcotte et al., 2013, 2014) and expanded to clinically relevant

numbers (Turcotte et al., 2013).

In general, it seems that in gastrointestinal cancers the fre-

quency of in vitro tumor-reactive CD8þ T cells is relatively low

(0e3% of TILs) as compared to melanoma (Turcotte et al.,

2013). Therefore, it has been suggested that one of the main

challenges in developing TIL therapy for gastrointestinal tu-

mors may be the ability to selectively enrich and expand tu-

mor-reactive T-cells.

Notably, the same group has recently reported that dra-

matic regression of liver and lung metastases could be

induced in a patient with metastatic cholangiocarcinoma af-

ter treatment by in vitro enriched naturally occurring CD4þ T

cells (isolated from autologous TILs) recognizing a mutated

antigen (Tran et al., 2014).

http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
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12. Head and neck cancers

A high density of lymphocyte infiltration is associated with

improved outcome in head and neck squamous cell carci-

noma (Balermpas et al., 2014; Ward et al., 2014).

In a recent article, we characterized TILs obtained from

head and neck cancer metastases. TILs were expanded with

high efficiency (80% of patients, with massive expansion for

up to 3500 folds), and recognition of tumor antigens could be

demonstrated in 60% of patients (Junker et al., 2011). These

data show that TIL therapy may be feasible for selected pa-

tients with head and neck squamous cell carcinoma, and

pave the way for its clinical testing.

In summary, TIL therapy is now explored in cancers other

than melanoma. Whether the same rules for efficacy as have

been established for melanoma TIL apply to TIL treatment for

other cancers, remains to be investigated. With the current

technologies to enrich for tumor-reactive TIL and to define

the specificity of TIL, an even more personalized approach

by expanding only tumor-specific T cells for TIL infusion be-

comes feasible. Examples like the ability to grow tumor-

specific TIL, such as from the cholangiocarcinoma patient

mentioned above, demonstrate that this approach is both

feasible and efficacious.
13. Future perspectives for TIL

Until 2010, interleukin-2 and the chemotherapeutic drug

dacarbazine (DTIC) were the only Food and Drug Administra-

tion (FDA) registered treatments for metastatic melanoma,

showing an objective response in a minority of treated pa-

tients without any impact on overall survival.

In 2011, the FDA approved the specific inhibitor vemura-

fenib of BRAF V600 for metastatic melanoma patients

harboring this mutation in their malignancy (Chapman

et al., 2011). Vemurafenib and later also dabrafenib

(Hauschild et al., 2012) are highly active drugs resulting in

impressive improvements in median PFS and OS in meta-

static melanoma. Unfortunately, the tumor heterogeneity

in metastatic disease prohibits these drugs from inducing

long-term remissions, due to early tumor escape mecha-

nisms. More recently, it was demonstrated that combining

BRAF inhibitors with MEK inhibitors (Larkin et al., 2014;

Long et al., 2014; Robert et al., 2014) results in significant

prolongation of PFS and probably also OS compared to

BRAF inhibitors alone in BRAF V600 mutated metastatic

melanoma.

In the same year, the CTLA4 checkpoint inhibitor ipilimu-

mab was registered for the treatment of metastatic mela-

noma. Ipilimumab has shown ORR between 10 and 12% in

patients with metastatic melanoma (Hodi et al., 2010;

Postow et al., 2015; Robert et al., 2015b). Importantly, the over-

all survival following ipilimumab treatment reaches a plateau

around 20% at 3 years, indicating that in contrast to BRAF in-

hibitors, ipilimumab treated patients may benefit long-term

(Schadendorf et al., 2015). In 2014, two other drugs, pembroli-

zumab and nivolumab, blocking the checkpoint molecule PD-

1, became available for metastatic melanoma and in 2015
nivolumab also for non-small cell lung carcinoma (NSCLC).

Follow-up of patients treated with these drugs is still short,

but 1-, 2-, and 3-year survival rates appear higher compared

to ipilimumab. In a direct comparison pembrolizumab out-

competes ipilimumab when treating a population of na€ıve

metastatic melanoma patients with regard to ORR and pro-

gression free survival (PFS) (Robert et al., 2015b). The combina-

tion of ipilimumab plus nivolumab has also been reported to

improve ORR and PFS compared to ipilimumab (Postow

et al., 2015). With an impressive rate of complete remissions

it has become clear that checkpoint inhibitors and combina-

tion of BRAF and MEK inhibitors are highly potent therapies

(Table 2).

So how does TIL compare to these active treatments?

When should TIL be given during the course of the cancer

(Figure 3)? A direct comparison of TIL with either checkpoint

inhibitors or targeted agents has not yet been done. In fact,

apart from randomized controlled phase II trials comparing

different TIL strategies, a RCT comparing TIL with standard

of care has never been performed. In Europe, a first RCT

comparing young TIL therapy to ipilimumab as first or second

line treatment for metastatic melanoma has been started

(ClinicalTrials.gov Identifier: NCT02278887). In the US, Lion

Biotechnologies has obtained an exclusive license from the

SB to develop and commercialize TIL for the treatment of met-

astaticmelanoma and is preparing for a phase II trial in refrac-

tory patients. These strategies are directed at getting TIL

therapy approved as a therapeutic option for metastatic mel-

anoma. Compared to checkpoint inhibitors, TIL therapy has

some advantages and disadvantages. TIL therapy consists of

a single treatment course. Despite the toxicity that is coming

fromNMA, such as nausea, alopecia and bonemarrowdepres-

sion, and high dose bolus IL-2 with short term high fever,

chills, hypotension, oliguria, hypoxia and weight gain due to

fluid accumulation, practically all treated patients tolerated

the treatment well and very few treatment related deaths

(n ¼ 2) have been reported (Dudley et al., 2008) (Svane, per-

sonal communication). With young TIL, especially without

additional TBI, no long-term side effects have been observed,

clearly showing the safety of this regimen. In up to 10% of

treated, mostly refractory, patients complete remissions are

induced with TIL. Especially, these CR patients tend to have

an excellent prognosis. Some of the deep PR patients show

similar long-term survival. Prior treatment with ipilimumab

does not impair subsequent treatment with TIL (Besser

et al., 2013). Whether prior treatment with PD-1 blocking

agents influences subsequent TIL therapy remains to be estab-

lished, but early results suggest that TIL may still be effective

(Rosenberg, unpublished observation). A major disadvantage

of TIL therapy is that it is laborious, patient-specific, and

time-consuming, with a dropout rate of between 20 and 40%.

As a large part of the infused TIL appear not tumor-specific,

strategies to enrich for tumor-specific TIL, for instance by

selecting cells based on their phenotype (PD-1, 4-1BB) or reac-

tivity towards tumor antigenswithout severely increasing cul-

ture time, should be developed. Alternatively, combining TIL

with either checkpoint inhibitors or boosting TIL with neo-

antigen based vaccines may increase the efficacy and

outcome even further. We expect that in the coming years,

these strategies are likely to be investigated and if proven

http://ClinicalTrials.gov
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018
http://dx.doi.org/10.1016/j.molonc.2015.10.018


Table 2 e Overview of response rates of other treatment modalities for metastatic melanoma.

Treatment 1-year survival
rate (%)

ORR (%) Median PFS Median OS CR (%)

(Hodi et al., 2010) Ipilimumab 3 mg/kg 45.6 11.0 2.9 months

(95% CI 2.76e3.02)

10.1 months

(95% CI 8.0e13.8)

6.0

(Robert et al., 2014) Dabrafenib 150 mg

2dd þ trametinib

2 mg 1dd

72.0

(95% CI 67e77)

64.0 (95% CI 59e69) 11.4 months Not yet reached 13.0

(Long et al., 2014) Dabrafenib 150 mg

2dd þ trametinib

2 mg 1dd

Yet unknown 67.0 (95% CI 60e73) 9.3 months Not yet reached 10.0

(Larkin et al., 2014) Vemurafenib 960 mg

2dd þ cobimetinib

60 mg 1dd (for 21

days followed by

7 days rest)

Yet unknown 68.0 (95% CI 61e73) 9.9 months

(95% CI 9.0 e NR)

Not yet reached 10.0

(Weber et al., 2015) Nivolumab 3 mg/kg

q2 weeks

Yet unknown 31.7 (95% CI 23.5e40.8) 4.7 months

(95% CI 2.3e6.5)

Not yet reached 3.3

(Robert et al., 2015a) Nivolumab 3 mg/kg

q2 weeks

72.9 (95% CI

65.5e78.9)

40.0 (95% CI 33.3e47.0) 5.1 months

(95% CI 3.5e10.8)

Not yet reached 7.6

(Postow et al., 2015) Ipilimumab

3 mg/kg þ nivolumab

1 mg/kg q3 weeks for

4 cycles, followed by

nivolumab 3 mg/kg

q2 weeks

Yet unknown BRAF WT 61.0

(95% CI 49e72)

BRAF V600E mutated

52.0 (95% CI 31e73)

Total 58.9%

Not yet reached Not yet reached 22.0

(Robert et al., 2015b) Pembrolizumab

10 mg/kg q2 or

q3 weeks

q2 weeks 74.1

q3 weeks 68.4

q2 weeks 33.7%

q3 weeks 32.9%

q2 weeks 5.5 months

(95% CI 3.4e6.9)

q3 weeks 4.1 months

(95% CI 2.9e6.9)

Not yet reached q2 weeks 5.0

q3 weeks 6.1

Abbreviations: CI, confidence interval; CR, complete response; mg, milligrams; kg, kilogram; ORR, objective response rate; OS, overall survival;

PFS, progression free survival.

Pa ent with advanced cancer
Melanoma stage IIIc or IV
Epithelial ovarian cancer (EOC) stage III or IV
Cervical cancer
HNSCC

First line treatment
Melanoma: BRAF wild type: immune checkpoint inhibi on

BRAF V600 mut: BRAFi (+ MEKi) or immune 
checkpoint inhibi on

EOC: Pla num-based chemotherapy
Cervical cancer: Cispla n + radiotherapy
HNSCC: Cispla n + radiotherapy

Disease refractory to 1st line standard of care1st l

Experimental treatment 2nd line standard of caret 2ntal treatmentt 2nd line standa2

TIL Chemotherapy
Targeted therapy
Immune checkpoint blockadeOther experimental op ons

TIL

al op

hera

Depending on the cancer type
If  2nd line therapy available

TIL Other experimental op onsOther exTIL

Figure 3 e TIL and treatment algorithm for metastatic cancer.
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safe and efficacious may replace the current standard young

TIL protocol.

TIL therapy has undergone a long history of development

and is still being improved to obtain the best outcome for pa-

tients. Our increasing understanding of the immunohostile

tumor micro-environment, the tumor-specificity of tumor-

infiltrating T cells and the development of manipulations to

isolate the fittest and most tumor-reactive cells for adoptive

cell therapy, will further drive the field of adoptive T cell ther-

apy for metastatic cancers in the years ahead.
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