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Abstract

The treatment of metastatic melanoma patients with autologous tumor-infiltrating lymphocytes (TIL) shows robust,
reproducible, clinical responses in clinical trials executed in several specialized centers over the world. Even in the
era of targeted therapy and immune checkpoint inhibition, TIL therapy can be an additional and clinically relevant

Interleukin-2, Antigen recognition, Combination therapy

treatment line. This review provides an overview of the clinical experiences with TIL therapy thus far, including
lymphodepleting regimens, the use of interleukin-2 (IL-2) and the associated toxicity. Characteristics of the TIL
products and the antigen recognition pattern will be discussed, as well as the current and upcoming production
strategies, including the selective expansion of specific fractions from the cell product. In addition, the future
potential of TIL therapy in melanoma and other tumor types will be covered.

Keywords: Melanoma, Adoptive cell therapy, Tumor-infiltrating lymphocytes, Immunotherapy, Lymphodepletion,

Background

The incidence of malignant melanoma has been on the
rise over the past few decades. An estimated 351,880
new cases of melanoma have been diagnosed worldwide
in 2015 with a mortality rate of 17% [1]. Less than a dec-
ade ago, the treatment options were very limited for pa-
tients with advanced stage disease and the 5-year overall
survival (OS) was only 9-28% [2, 3]. With the develop-
ment of immunotherapies as well as targeted therapies,
the OS has significantly improved. Currently, the known
3-year OS for patients with stage IV melanoma reaches
up to 58% [4]. In spite of these recent clinical successes,
still a large group of patients fail to respond to therapy
or progress after initial response, which brings the need
for additional treatment modalities.

One such additional treatment option is adoptive cell
therapy (ACT) with tumor-infiltrating lymphocytes
(TIL). ACT with TIL has been of growing interest as
anti-cancer treatment in the past decade. This therapy
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consists of the outgrowth of tumor resident T cells from
tumor material, their expansion ex vivo and transfer
back into the same patient after a lymphodepleting pre-
parative regimen [5]. In many studies, the infused T cells
are supported by high-dose interleukin-2 (HD IL-2) to
facilitate engraftment of the cells.

After the first demonstration of promising clinical ef-
fects of TIL in melanoma patients in the 90’s and the be-
ginning of the new millennium by the Surgery Branch of
the National Institutes of Health (SB, NIH, Bethesda,
Maryland, US) [6-8], multiple clinical trials at different
sites over the world confirmed these results. In these tri-
als, objective responses varying between 40 and 70% have
consistently been observed [8, 9]. As the applicability and
scope of ACT with TIL is broadening, the optimization of
TIL production, including selection of T cell subsets, and
adjustment of the clinical protocol, including the lympho-
depleting preparative regimens and the role of IL-2 are of
utmost importance. Of upcoming interest is also the po-
tency of TIL transfer in adjuvant setting [10], as combin-
ation therapy [11], as well as its efficacy in other solid
tumors [12-14].

In this review, we will provide an overview of the
current state of ACT with TIL in melanoma, focusing
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on clinical responses, production and treatment proto-
cols, associated toxicity, as well as the future potential of
TIL therapy as anti-tumor treatment.

Current state of TIL treatment in malignant
melanoma

The first objective clinical responses with TIL treatment
were seen in a series of phase I/II trials, all executed by
Rosenberg and colleagues more than 20 years ago at the
NIH, in which infusion of TIL was combined with lym-
phodepleting conditioning regimes and HD IL-2 [6-8].
Consistent objective response rates (ORR) up to 72%
were reached with TIL therapy in several consecutive
clinical trials, in which 10-20% of treated patients
reached a complete remission (CR) and 40% of patients
achieved durable clinical responses. These durable re-
sponses were predominantly seen in patients who
achieved CR at an early time point and the chance for
response did not seem to be influenced by progression
upon prior systemic treatment [8, 9, 15-19]. Objective
responses seemed to be associated with higher number
of infused cells [18].

Originally, the conditioning non-myeloablative (NMA)
regimen consisted of cyclophosphamide (60 mg/kg) for
2 days, followed by fludarabine (25 mg/m?) for 5 days.
The infusion of TIL products followed > 24 h after the
final dose of fludarabine. Patients subsequently received
HD IL-2 (720,000 IU/kg intravenously (i.v.) every 8 h up
to 15 doses or until intolerance [6, 8, 16]. Other trials
have been conducted with adjusted production proto-
cols, different conditioning regimens, and IL-2 sched-
ules, which will be discussed below.

The encouraging results of TIL therapy in melanoma
have stimulated centers worldwide to conduct studies in
order to reproduce and optimize this treatment. Focus for
optimization was directed at cell fraction, preparative regi-
men and IL-2 dose. Additional file 1: Table S1 shows an
overview of these studies. The conducted studies with TIL
in patients with metastatic melanoma have predominantly
been as first-line treatment or in patients with progression
upon prior systemic immunotherapy. These treatments
mostly consisted of chemotherapy with dacarbazine,
interferon-a, IL-2, ipilimumab, an anti-CTLA-4 antibody,
or combinations [8, 15, 16, 18, 19]. Treatment with PD-1
blockade, or an anti-PD-1-based combination, is now
mostly first-line therapy in patients with advanced melan-
oma, showing an unprecedented 3-year overall survival
around 50% [4]. The role of TIL as possible first-line ther-
apy in combination with anti-PD-1 is currently subject of
clinical trials, and one has to await the first results to esti-
mate the additive effect of TIL and anti-PD-1. However,
TIL therapy may be a potential option in patients with dis-
ease progression upon PD-1 blockade, as current treat-
ment options for these patients is still very limited.
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Whether TIL should be given in combination with
anti-PD-1 or as a single treatment option is still an un-
known. To provide evidence that TIL therapy is more ef-
fective than the current standard of care with
anti-CTLA-4 (ipilimumab) for patients with advanced
melanoma upon progression on up to one prior treat-
ment, a multicenter randomized phase III trial is actively
recruiting patients at the Netherlands Cancer Institute
(NKI, Amsterdam, The Netherlands) and the Center for
Cancer Immune Therapy (CCIT, Herlev, Denmark). The
patients enrolled in this trial are randomized in a 1:1 ratio
between ipilimumab and TIL treatment (NCT(02278887).
Currently, the vast majority of patients that are enrolled in
this trial have progressed on anti-PD-1 treatment. In
addition to this phase III trial, another 22 clinical trials
worldwide are being performed with TIL therapy in mel-
anoma to evaluate the optimal treatment form, with vary-
ing TIL production and treatment protocols, and as
combination therapy. For a complete overview of these
clinical trials, see Table 1.

Evidence for lymphodepleting preparative regimens

The necessity of temporary lymphodepleting precondi-
tioning before TIL infusion remains an important aspect
in ACT with TIL. The first evidence for the need of lym-
phodepletion with either chemotherapy or total body ir-
radiation (TBI) was demonstrated in murine models,
where improved response rates were seen with TIL after
lymphodepletion [20, 21]. Lymphodepletion with either
TBI or NMA chemotherapy is thought to improve the
effector function of TIL in several ways. Firstly, data
from several studies suggest that the endogenous sub-
population of CD4"CD25" regulatory T cells (Tregs)
capable of suppressing immune responses may be de-
pleted [22]. Secondly, lymphodepletion of the host re-
duces the pool of endogenous lymphocytes competing
with the transferred T cells for homeostatic cytokines,
especially IL-7 and IL-15 [23]. These cytokines are pro-
duced by non-lymphoid sources in response to lympho-
penia, where IL-7 is required for the proliferation and
survival of T cells and IL-15 maintains and improves the
proliferation of the T cells [24, 25]. Lastly, lymphodeple-
tion is believed to generate “physical space” for the infu-
sion product.

In 2002, the Surgery Branch of the NIH demonstrated
the clinical importance of lymphodepletion before TIL
infusion. In this study, 13 patients with metastatic mel-
anoma were treated with cyclophosphamide 60 mg/kg/
day for 2 days and fludarabine 25 mg/m?/day for 5 days
prior to TIL infusion and achieved an ORR of 46% [7],
which compared favorable to response rates of 31%
without prior lymphodepletion [6]. In 2008, this same
group examined the effect of intensifying the lymphode-
pleting regimen by adding TBI to the above mentioned



Page 3 of 16

102

Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6

uona|dapoydwAT syusied anleu

11-Ad/1Ad-Ruy € Wiy Z Hoyod
CNH+ 1L+ (Uoisnyul 192
Bumoljoy (p ¢ —/+) €9 pue
PT - P /41

P pue) ‘7 —p uo ‘A1 By/buwi ¢
0lquiad + uonajdspoydwA
syusped Aioenal

gewnzijoiquiad
JO uonensiuIwpy

oY1 buimol|o4

103Ul Jayug ¢-1i shid
sa1400ydwAT Bunenyu
Jowin] yup Adessy

ps 104 11-0d/LAd-Buy ¢ Wiy | Hoyod S0z uonenu 19D aAndopy Buisn
S3S0P 7| Xew “pr1 LW/Buw gz ni4 + Z-11+ 1L + uonsjdapoydwiA] SN ‘puejkiepy eWOURIB\ DeISeIB
ewoueRuI ‘N1 B%/N1 00002 pz o) Al B3/Bw 09 paydads asimIayIo syusied Aloyenal | 1-ad/ ‘epsaylag 121us) 10J [elI] 7 3seyd pue
LZ01Z9201ON 4490 ShelselaW s|qeinsesiy T+ L Woyod £ 17+ | Moyod 10U 7|1 Bunox Ldd-huy | Wiy | Loyod 0/L Il [EJIUID HIN ~ paziwopuey 9Adadsold v
-7+ 711 + uonajdepoyduA|
pSloy + OAIU JUBWIeaI-21d 910z uone PLIOURID\ D11PISPISIN
n4 + ymolb ‘(suaned 9 pug) ¢ Hoyod 10} Adeiay ||9D aAndopy
ewoueau 1L 40} uond3||0d> Apognue buneanse I+ pue wsiuoby /£1dD
15294 Al/Ill 9b.1s [esoonwi 1o Jown) Jaye M 9—¢ /€10 YUM M g— Ul 711 + uons|dapoydwiA] ‘apexd0|g |-dd buluiquiod
SSHTS9ZOLON 3y SNOaUeIND 9|qe1dasalun paypadsun buiuuibag p z £ ymmoibino ‘payidadsun ‘(syusned 9 1s1) | Loyod 71 10d NIYOW 997 [el] [e21UlD 10d
[eli] (uonedipes3 jown|
1uawbny 0} pajelobiAul
Adeiay] (19D aAndopy)
shep ¢ 10} JLVAILDY YL “Apms
AKep sad B3/6w 0g (m ¢ b Bui 007) £10 uoneniu|  uoyod ajdnni v -Adessy L.
‘N1 A 17 uoyod ojquiad +z-T1+ 1L + epeue) 1[92 2Andopy buimojjo4
J32UeD UPLIEAO p G Joj w/bw sz uona|dapoydwA iz uoyod 21U 10 Yl UOleUIquIOD
JURISISaI WNUNE|d p/os N4 +pz (M € b bw 007) JERIN=) ul paJlsiuiupy
10 ewouepwW Al /|l| By/n1 0005 L 104 p/B4/Bwi 09 oiquiad + -1 + 1L + 10106001 gewnzi|olquwiad
GE685LE0LON El obe1s s|gerdssaiun T+ 1 woyod ATAD L UOYOD  STIL 0L X910l X L uona|dapoydwAT ;| uoyod 4 ql s9dUld 40 [eu] q| seyd
swualied
PWOURISI\ D1PISRISA
Ul uswlibay uononpu|
BunajdapoydwiA]
‘aA11e|qROISAW
-UON ‘Alsusiu| psonpay
/107 uoneniuy| e Bbuimoyjo4 Adessy L.
S350P 01 Xew ‘Aixoy (uaunean ajbuis se EIINNEINED) 119D aAndopy ‘snobojoiny
v ewlouepul S[qeIR[0} [AuUN T D7) 8L+ (P e C+IL [BIIPSN J0 Apnig a0 usdo
£6€991€01ON 4490 ShelselaW s|qeinsesiy By/ni 00002, 1oy Jw/Bw G7) ni4 paydadsun + uonsjdapoyduiA] 0€ Il egays 191UD-3|BUIS ‘Z 3seUd ¥
ewoueB|y
J11LISLID PIdUBA
PV 104 @N2$aY Gewn|OAIN
Aq pamo||o4 z-upnapiaiu|
YIAA Uoneuiquiod
ul sa1£00ydwiA bunenyul
9NS3 (SYIUOW 7 Xew 8107 uoneniu| -Jown] snobojoiny
(paynads asimiayio MZ KIaAS "Byy/Bul €) pueIRZIMS Jo Jaysuel] aandopy
B S9S0P g Xew J0U) pS Al Nj4 OAIN —/+ Z-11+ 1L ‘auuesne’ Jo A134eS pue Ayjiqises
¥E€LS/E01ON Aungises ewouepw Al abeis PIIE aH pue pg 10} ‘A1 A payadsun + uona|dapoydwiA] ol ‘ANHD ssassy 01 ApniS | aseyd
810 uoneniy|
duelq 1I/1 9seyd Apnis
M 8| pue m y| 1e ‘sajueN 10|Id S3UNed PLIOUPRS
L (0L X 0Z-1 :Z Uoyod (Zsm jun m ‘lendsoH oneyseld|y ul Adesay (19D
ewiouepW pS 1o} (syuaned 7 Kiana By/bwi €) Ausioniun | aAndopy pue gewn|oAlN
6£87/€€01ON v A0 |l ‘gl 96e1s p/634/n1 000009 paqudsep 10N €) 1L 0L X § :1 MoYyoD OAIN + 21 + 1L Ll salueN 0 Adesay pauiguo)
sjel] buniniday e
SaINSeapy
Jaquinu 3WodINO uawibal JuaU|joIu
uonesyIup| Aiewind abe1s aseasig uswibal z-7| uona|dapoydwiA] 1npoid 7|1 UONUSAIIU|  pajewns3  aseyd 21nnsul leu]

8107 Yoiey Jad Aobsjei][ediul]d Aq palsisibay ewours|y Ul sa1450yduAT Buieldjul-iown] Yim sjel] 1uslind | ajqeL



Page 4 of 16

102

Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6

(I 9suuny)

35e35Ip [PPOU [euoIfa)
10 ‘snoaueIndgns
“Hsuen-u ||| abels Jo

9r-tC+5-1
p U0 s350p G|
Xew Y 91-8 AIana

ps 10J
N1 W/Bw Gz
ni4 +pz 10}

L ,,0L

X G| Jo |pr01 e 01 dn
“IIL Y4ON paonpsuen
Jo Jaqwinu [enba

Z-71+ 1L padnpsues

710¢ uoneniu|
S ‘sexa]
‘UOISNOH "I21U)

ul Z-upnapis1ul 8soq
ubiH Aq pamoyjo4 s|j2D-L
pasnpsuel] Y4ON pue
(I1INQ) welsIsay 190401
YU Jajsuel] |90 aandopy
sn|d uonajdapoydwA]

09¥SS6L0ION  Awjqisead ewiouRaW JNeIseIdny ‘A1 BY/N1 000022 ALBY/Bw 09 A UL IYNG padnpsuel] + uons|dapoyduwiA] Sl 10lld  J9dUeD UoSISpUY AN 40 Apnis 10|id v/
BUWOUBlRN
JeISRIBA Ul JUSWIeal |
gewnuiid| piepueis
01 Z-Upnajia1u| pue
sa1f0oydwiAT Bunein|yul
Jown] Jo uoisnju| Aq
107 uoneniu| pamojjo4 Adesayiowayd
UL+ spuejiayisN Jo uswibay bupsidag
pS 104 ,w/Buw 57 uona|dapoydwA iz uoyod ‘Wepswy ‘MN- 21400ydwAT aAne|qeojRAW
ewoueBUW A/l S3S0P G| Xew N4+ pz 10§ Al (s49am € b by/Bw ¢ sewusq ‘AdIaH -UON e bunedwod
£888/7¢01ON Sdd abexs ajqerdasalun “Pr1 B¥/n1 000009 By/6uw 09 £ paypadsun A1) S312A0 ¢ 1d| | MoyoD 891 I ‘uabeyuadod ‘10D ApMS || aseyd paziwopuey
(Y ¥ X € 1ayr0ur
104 TW/NIW S Aq
Pamo||0} Y ¢ 10} eWIOURBN D1IRISEIS|N
W/NIN 8L 'Y Tl PRARINA 4vHE YUM
J0J TW/NINW 81 p G Joj w/Bw sz SIL 0L X T-0L X L CU+HUL+B—P) 10z uoneny| SjuBlied 10§ GIUDJRINUWIDA
ewoueW A/l ‘4 910 ZW/NIN 81) N4 +pz uoisnyuj uona|dapoydwA| [nun 1santey }ewuaq ‘ASlISH YA UOIRUIQUIOD
06975ET0LON v abe)s 9|geIdasalun  uawibal opuIdSAINA(J 104 Byy/Bul 09 A aWwl} 3INYND SYAIM O Jowin) 210Jaq P/ "PIq 096 WA 4 ‘uabeyuadod 110D ul Adesay] (901
ewoueB|y
JNEISLIBIA YU SIUSNed Ul
Z-upinapa1ul 3soqg YbiH Aq
PaMOJ|04 Y4ON PUe ZHIXD
35e35Ip [PPOU [euolbal S0z uoneniy| YA padNpsuel] s|[2D-1
10 'snoaueINdgNs S3S0P G| ps 10} (711 padnpsuen SN ‘Sexa] ‘UOISNOH LA Jajsued] (|90 sAndopy
“suel-ul ||| abeis Xew ‘4 91-g Aland NE\mE Sz N4+pz Y4ON pue z4dxD) 1+ "J91U9)) Jadue) sn|d uonajdapoydwA]
/SS0%/ 10ION Jy 1O eLWOUBDW DEISEID 16%/N1 000'02/ 10 B3y/Bw 09 24D L ,,0LXGL o} dn paonpsues + uona|dapoydwiA] Sl 1004 uosiapuy dw 4o Apnis 10jid v
uolsnjul 771
-N7 puZ J0j usuiiesn
-21 7|1 snobojoine
71-N1
'€ 1oyoD eUIOUR|3|A| D11RISRISN
pansasaidoAd -1+ 711 + uonajdepoyduA| S0z uonen| UUAA SIUS1IRd JO JUswleal]
1L snobojoine JUSWIeai1-31 i€ UOY0D SN ‘elulojied 10} (71-N17) se1ooydwiA]
¥1-N7 :¢ Moyod +TIL ‘sajebuy Bunenyul jown|
paynads asimiayio  1onpoid panIasaidokin + uona|dapoydwAT iz uoyod S0 'aus snobojoiny Jo A1ajes pue
ewouepuI 10U ‘Adessyiowayd -uou L snobojoine U+ aAebnsaAul  Adediyg Byl $Sassy 01 Apnis
6/509570.1ON 44O Dnelselsw o|geidasalun paypadsun Buns|depoydwA 71-N7 1 Boyod + uons|depoydwAT :| Loyod 09 I 30UeAO| J21UDNN ‘7 3seyd v
(P T —/+) €9 pue
‘PC—/Her'(PT —/4) LTppue
‘7 —p uo ‘A1 BBl 7 oiquiad
YD/dd J91e Qd 10 uawiean
Apnis 01 asuodsal ou Yyim
swuaied Aloesal | 1-ad/Ldd-uy
(JusWieaNaY) | Wiy | 1oyod
1L + uolsnjul
1192 Buimoyiof ((p ¢ —/+) €9 pue
PT /)Ty '(P T —/+) 1T shep
pue) z-p uo A1 By/bw 7 olquiad +
SaINSeapy
Jaquinu 3WodINO uawibal JuaU|joIu
uonesyIup| Aiewind abe1s aseasig uswibal z-7| uona|dapoydwiA] 1npoid 7|1 UONUSAIIU|  pajewns3  aseyd 21nnsul leu]

(panuiuo?d) 8107 YdJe Jad robrsjelledlulD Ag paiaisibay ewouealy Ul s93400ydwA] Bulie|yul-lown] Yum sjel] uaund | ajqel



Page 5 of 16

102

Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6

95e3sIp

|epou [euoibal
10 Jsued-ul ||| abers
1O BUIOURDW [9AN

M/xz Kpuanbasgng
‘palels|0}
segLpuegl Ll
'6'y ‘TP U010
NIW 'L % Hoyod
pa1eis|0)

se'(p L —/+)
97-CC+G-1 p uo
S9SOp Xewl ﬁ 91-8
Kizns BY/n1 000'02L

5L puoL
LOLX0L+1 P uo

PS 10} TIL 0L X0 ¥ BOYoD

/bW Sz nig+p ¢ UL ,0LXGL

‘N1 D@ pasind-apidad -4y
0L XG0l XL+ +1L Aq
pamol|oy uona|dspoyduwiA]
JoNqIyuUI-4vYg yim

1USWILSI) IOl € 1OYoD

‘N1 D@ pasind-apndad

L-LYVIN 0L X §T-,0L X L

+ -1+ uoisnjur L +
uons|depoydwAT iz 1oyod
CUN+TL+

900¢ uoheniu|
S 'sexa] 'UoIsNoH
121U3)) JadURD

eLIOUBIS D11EISEID I
S1uBNed Ul UolezZiunwuw|
[[°D 2AHpuUsd INOYIM JO

YU Jajsued] 9D aAndopy

//€85S00L1ON i¥le) ‘eUIOUR[SW D11RISPIDIN €—| Woyod 1o} By/6w 09 A o1dn :g-| uoyod uona|depoydwAT :| Loyod 681 I uosiapuy dw sn|d uona|dapoydwA]
PUIOURS|A| D11RISPIBIA YUAA
Sjualed U| duigelepn|4
puy apiweydsoydopAd
Buisn uonsjdapoydwA]
9A11e|geO|RAN-UON
JO uswibay aAneledald
€10z uoneniu| v bumojjo4 Adesay (z-1)
epeued ‘olrIUO Z-UBN3a1U| 9500-MO
p S o} ‘o1u0I0 | puy (s711) se1400ydwiA]
(M yoea usamiaq N NE\mE ST 311U9) Jadue) Bunen|yul-lown |
ewiouepW Al/|l| dbels AP YOMC n4+p ¢ 1o} U+ 1216l snobojoiny JO uoIsnju| dY |
€7€€88L0ION YgO  9lqerdssalun ‘s|qeinsesly 1oy p/B/NI 000'SZL 164/6w 09 A STUL | 0L X9'1—,,0L X L + uona|dapoydwiA] 4! Il ssadULd Bunenjeay Apnis | aseyd
Z-11 Jo uonajdwod Jaye
apndad |-OS3-AN pue
31esA| Jowny snobojoine eWOUR[3[\ JNeISLIBA YU
yum pasind g 0L X §'L €10z uoneniu|  SusNed Ul UONRUIDIEA |19
0} dn yim suoieupIeA USpams JREPUSd INOYIAN 1O YUA
(l-015-p) 00 PI+HTI+L+ ‘WjoyR0IS Jajsued] (12D | aAndopy
1 w/bw gz niy uona|dspoydwAT :z 1oyod jeudsoy  Jo asuodsay d16ojounwul|
ewouepW Al 96e1s 10 SISOP 4| WNWIIXeW +(979, —P) N uolsnjul U+ + JSTSEWNe] pue Ayjiqises ‘A1ajes
€/£9¥6101ON JSETES Ill 96e1s sjqesadouy “p11 B4/n1 000001 By/Bw 09 A AISTIL 0L XS 03dn uonajdapoydwiAT ;| uoyod ol eysuljosey  dlen|eAd o) ApNIS | aseyd v
‘N1 By/Bw 7 olquiad
‘uoisnjul ||2 Buimol|oy (p ¢
=/+) €9 0 'Al B1/6w  olquiagd
‘uoisnjul |12 BuImoljoy (p ¢
~/+) Ty @ N1 By/Bul 7 oiquiag
‘uoisnjul [|92 Buimol|oy (p ¢
—/4) Lz @ "uoisnyul ]9 01 Joud Wiy JUuswieanay
Y —/+ A1 By/bw g oiquad 943 Ul qewnzIjoiquiad
‘(Y JO 850p 15| Iaye p =7) 0 d 40 uonensiULIpy
JUSWILJ) PUODSS B SAISDAI Aew 3y} YIAM 2-11 Snid
JuswWiean oAlu/oiquiad soud sa1f0oydwiAT Bunen|yul
yum ssaiboid pue ¥o/dd yum Jown] buisn Adessy |
syuaned Jo siapuodsal-uoN J9jsuel] |90 Aq pamojjo4
oiquiad sasop uswibay aaneledaly
p G 10) Al Uy JUSWIeaNay 7 10YoD €10z uoneniu|  Adessyiowsyd asog ybiH
ewiouepul S9S0P 7L Xew “p11 ,w/bwi Gz ni4 + p 7 104 U+ + SN ‘puelkiepy  Buisn ewoueBy dReISeIS|
61/£66101ON 4O dhelselsu s|qeinsesiy ‘N1 B/N1 000'02Z Kep/B3i/Bus 09 £ 1L Bunoi uona|dapoydwAT ;| uoyod 79 Il ‘epsau1ag ‘HIN 104 Apnis || 3seyd v
ewoue B
JneIseIs YA siuedidiied
SaINSeapy
Jsquinu aWodINO uawibal JUsWI|oIUd
uonesyIup| Aiewind abe1s aseasig uswibal z-7| uona|dapoydwiA] 1npoid 7|1 UONUSAIIU|  pajewns3  aseyd 21nnsul leu]

(panuiuo?d) 8107 YdJe Jad robrsjelledlulD Ag paiaisibay ewouealy Ul s93400ydwA] Bulie|yul-lown] Yum sjel] uaund | ajqel



Page 6 of 16

102

Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6

218l Jo Jsuenul ||| abeis 3SIMIBY10 Aq pamoj|o} '91N1135U| YDJeasay sn|d uonajdapoydwA]
1nodoig 10 ewoueRW Al abe1s (payads asimiayio 10U) pg 10} (1K Z 104 7)1 150d + pue Ja1uaD) UM QIUSjeINUISA
LSL6G9101ON 440 dhelselsw s|geidssaiun 0u) 211 AH N4 + pg 40y £ payadsun 1L 03 Joud Me) WA Ll I Jasued NPOW 4O [eUL [B1UID || 9Seyd
CU+L+
uons|dspoydwiA]
Aq pamojjoy
(3]pA 15| 1a)ye PUIOUR|S\ DIIPISEIS YA
M €) K19bins Jaye m | syualied Ul z-7| 9sog ybiH
(payads 1d1 Jo 7 3pAD STIL 710z uoneniu|  pue Jajsuel] |90 aAndopy
S9SOP G| Xew 3SIMIBY10 2Ad1121 01 A1abins SN ‘epuol4 ‘edwe] sn|d uonajdapoydwA
ewoue[aW A| “prr] paynadsun 10U) pg 10} 03 Joud (| 3|PAd) 1d ‘1N1NSU| Y2Ieasay pue 2oueyu3 03 gewnuwilid)
+/910/101ON JSETES sbe1s s|ge1dasalun 9SIMIBUIO ‘77| OH n|4+ pg 1o} A YIMoiBINo s49am 9 UM JUSWIea1-21d €1 10ld  J31us) JSdueD NIYOW YA UONBINWINS-0D)
BLIOUR[BIN D1RISLISIA YIAA
sjualed 104 auiqelepn|4 pue
apiweydsoydopA) yum
€10z uonenu|  uonajdopoydwA Buimojo4
(payads SN ‘uoibuIyseAN sa1fooydwiAT Bunen|yul
35IMIDLI0 ‘911895 ‘WNILOSUOD) -lown] snobojoiny
10U) pS 1o} U+ J195UBD) UOIBUIYSEAN buisn Adessyrounuwiul|
781/08L01ON 4o ewouepRW A/l 36eis payadsun N|4 + pg 10y £ payadsun + uone|dapoyduwA] €l Il J0 Ausianun aAndopy Jejnjjad
pE 104 Y 1T Jon0
1, W/NIN S A9
PaMOJ|0} Y 7 J9n0
1 W/NIN 8L
‘Yzl J9n0
I W/NIN 8L
‘4 9 1ano
1, W/NIA 8L) ps 104 (vl ppue/p'z—p) BUIOUBJDIN DHEISBIBN YU
uawibal 1 w/bw gz STIL X¢ D -uolapauibad 107 uoneniu| SJuaNed J0j uosapuIbay
ewoueRu OpU3IS3IIBP Ni4+pz 10§ O JAqUINU WNWIXey JO suondeful s + z-1 + Sewusq ‘AS|SH YA UoneuIquioD
S616/E701ON v A/l 96e1s S|geIdesaIun uoIsNyul SNONUNUOD A1 BY/Bw 09 A awil 21N ND SYRIM -1 711 + uons|dapoydwA] 4 W ‘uabeyuadod 1 1DD ur Adesay] ||oD 1
sjel] Buninoas-uoN 2
Z-upnapauy|
9500 MO SNSISA YbIH
JO JUBWISSASSY pue (1]1)
sa1£00ydwAT Bunenyu
Jowin] yup Adessy
$9S0p 71 AL+ €10z uonemu|  JenjjaD Andopy Jo Adedy3
Xew ‘z-1| 7 :g Wiy ps uona|dapoydwiA| :g wiy SN U2ASSYDUR YL 21eN|eAT O) BLIOUR[SN
S9SOP 7| Xew Lw/Bw gz ni4 + I aH+IL + ‘IsnJ| uonepuno4 oneIseId| Ul Apnis
PPES66L01ON 440 BLIOUBDWI DNIRISeIB) TN AH Y Wiy p z By/Bui 09 £ paypadosun uona|depoyduwiA| 1y uy 06 [ SHN @nsuyD 3y || 3seyd pasiwopuey v
PUWOUBSIN [e9AN
JNEISLIBA YU SIUSNed
8107 uonenu| Ul sa1£00ydwA bunenyu
SN ‘elueAjAsuuay Jown] snobojoiny
(payads jodo10.d 'ybingsnid JO Jajsuel| aandopy
ewoueRUI [PIAN S3S0P 9 Xew 95IMIBY10 piepuels ua.nd Jad N AH+TIL+ 131U JduUe) Jo A134eS pue A2ediy3 ayy
915/9%£01ON 440 J11eISEISW 3|geINSe| ‘P11 B%/N1 000'009 J0U) N4 pue A L, 0LXT-0L%1 uona|dapoydwiA] 65 I uew||iH DNdN  1en[ea3 03 Apnis 7 aseyd v
Buninidas 194 10U sjeu] 'q
ERIVEVENVIETY
21 M 9 JoUY SLPp+1 P L esessig
71 Apfeam 01 - |eabujuawoida  uoyod
SaINSeapy
Jaquinu 3WodINO uawibal JuaU|joIu
uonesyIup| Aiewind abe1s aseasig uswibal z-7| uona|dapoydwiA] 1npoid 7|1 UONUSAIIU|  pajewns3  aseyd 21nnsul leu]

(panuiuo?d) 8107 YdJe Jad robrsjelledlulD Ag paiaisibay ewouealy Ul s93400ydwA] Bulie|yul-lown] Yum sjel] uaund | ajqel



Page 7 of 16

102

Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6

uononpoud |1 HE1-NT ‘9S0p MOo| g7 ‘wiebo|p} By ‘Yiun [euoneuIdI| ) ‘ewnw

1894 JA 'SDWII} X ‘H99M M ‘QIUDJRINWIDA W3/ ‘s91L)S PauN
SN ‘auND LB pue aLdld dUSIDAIUN DN ‘Wwopbury pauun yn ‘se1kooydwiA| bunenjyui-iown) 7/ ‘uonelpelt Apoq |10} /g ‘DIp Ul 191 "p1] ‘snosueIndgns 's ‘a1el asuodsal Yy ‘AK1ans b ‘asuodsai |eied Y4 ‘[eAIAINS 934y uolssaiboad
S4d ‘qewnzijoiquiad oiquiad ‘|-puebl| yresp pawwelboid [-7dd ‘L-u110id yieap |90 pawwelbold [-dd ‘@seasip aAlssaiboid g4 ‘S1es asuodsals SAIIS(QO YHO ‘9IN1ISU| J9dURD [RUOLEN [YN ‘CRWN[OAIU OAN ‘YI|ESH JO S3INNISU|
JeuoneN HiN ‘921AI9S YijeaH |euoneN SHA ‘401dadai 1010e) YIMOIB dAISU Y4DN ‘S|qelieAR 10U YN ‘Weibljjiw bw ‘wnwixew xow ‘| s||93 | Aq paziubodas usbnue ewoue [-1YyW ‘solnadesayiolg aduenao] Aq padojaasp ABojouydal

1d] ‘Z-upnapdul Z-7/ ‘SNOUSARIIUL A’ ‘|euIdpeul Pl N0y Jy ‘asop-ybiy gH ‘Aes A9 ‘suigelepnyy nj4 ‘|19 dnupuap Ha ‘Aep p ‘apiweydsoydodAd

£D 1103da331 uUBOWAYD D-X-D YIXD ‘dsuodsal 233|dwod ¥) ‘slopnep a1elisISAIUN Ja1endsoy 313U ANHD ‘UONBIIUBIBHIP JO J33sN|D @D ‘Adesay) sunwiw Ja3ued) 10y J23UD) [/DD ‘3IP Ul SIg 'P1'q ‘JUSAS ISIDAPE JY SUOIDINIGQY

euiouR|aW

S3S0P G| Xew pry

pg 4oy ,w/bul 5z ni4

-+

600¢ uoneniu|
SN ‘epuol4 ‘edwe]

PWOUB|9|A D1IeISeISIN YUAA
sjusied Ul -1 850Q YbIH
UM JaJsuel] |10 aandopy

S¥/S00L0LON Aungises4 obe1s s|geIasaiun ‘N1 BY/NI00002,  + PT 104 BY/Bw 09 24 1L + uonejdapoyduwiA] 6l '191U9)) 132UED NYOW snid uonajdopoydwiAl
(191) uoneipedl
Apog [e10] ADZL Yum
uoisnjul UopdUN[UOD Ul IO BUOJY
7|1 01 soud pg uawibay owayd bunaidag
(Ao | asop [e103) 91 00ydwA7 anie|qeoRAN
pe 104 Aep/xz 191 -uoN Bumojjo4 -1 snid
Jo A9z :z uoyod N+ sa1£00ydwA] buiienyu
p G 104 w/Bbw sz +191 Aq pamojjo} Jown] Buisn ewouepy
S950P G| Xew “pri n4+pz uonajdspoydwAT :z Loyod 1107 uoneniu| onelse1d|y 1oy Adessy |
oUW ‘N1 6Y%/01 00002/ 104 By/Bw 09 A 7 S Bunok o1 +IL SN ‘puejliey Jajsuel] |92 Jo Apmig
59561€LOLON V6] J1RISEIBW 3|CRINSEIN 7+ | Moyod +1MOY0D X T0LX LT+ L HOYoD + uonajdapoydwA ;| Loyod 201 Il ‘epsayiag ‘HIN paziwopuey aAdadsold
[ PUIOUR[ D11RISRIDIN YU
+ uoIsnyul L + 710z uonenju  sjuaneq ul z-| 9so@ YybiH
95e3sIp [EPOU [euolb31 (paypads uonajdapoydwiA] SN ‘epuol4 ‘edwe]  pue sajsuel] ||9D aAndopy
SaINseapy

Jaquinu 3WodINO uawibal JuaU|joIu

uonesyiuap| Kirewid abeis asessig uswibal z-7| uona|dapoydwiA] 1npoid 7|1 UONUSAIRIU|  palewnsy  aseyd 21nsu| e

(panuiuo?d) 8107 YdJe Jad robrsjelledlulD Ag paiaisibay ewouealy Ul s93400ydwA] Bulie|yul-lown] Yum sjel] uaund | ajqel



Rohaan et al. Journal for InmunoTherapy of Cancer (2018) 6:102

NMA chemotherapy and improved clinical outcomes
with this strategy. Patients were treated with cyclophos-
phamide and fludarabine with addition of either 2 Gy or
12 Gy TBI, with 25 patients in each cohort. Compared
to the cohort treated solely with chemotherapy showing
an ORR of 49%, addition of TBI with 2 Gy or 12 Gy im-
proved these ORR to 52 and 72% respectively [16].

In a follow-up randomized trial, the additional benefit
described above of TBI in addition to NMA chemother-
apy for the ORR could not be confirmed. A total of 101
patients with metastatic melanoma were either treated
with NMA chemotherapy as described above per stand-
ard protocol, or in combination with 1200 cGy TBI (TBI
2 Gy twice a day for 3 days) prior to TIL infusion. Clin-
ical outcome was similar in both treatment arms, with
durable CR seen in 24% of patients in both cohorts and
no significant difference in ORR of 45 and 62% in pa-
tients pretreated with NMA chemotherapy alone or with
the addition of TBI respectively (p=0.11). Of note,
addition of TBI did result in additional toxicity, namely
thrombotic microangiopathy in 27% of patients [26].

Temporary lymphodepletion with chemotherapy, TBI
or a combination thereof appear to have an additive ef-
fect on the efficacy of TIL therapy as described above.
Nevertheless, the question remains what the most opti-
mal regimen is, in terms of both duration and depth of
lymphodepletion and in terms of which drug(s) to use.
Answers to these questions are not only relevant to fur-
ther improve response rate to TIL therapy, but also to
minimize toxicities, now predominantly consisting of
transient pancytopenia and febrile neutropenia occurring
in 37-96% of patients [18, 19].

To address these questions, the Sheba Medical Center,
Israel, is currently conducting a phase II clinical trial ex-
ploring the efficacy of reduced intensity lymphodepletion
using fludarabine 25 mg/m? for 3 days (instead of five
per standard protocol and no addition of cyclophospha-
mide) followed by TBI (2 Gy single treatment for 1 day
prior to TIL infusion (NCT03166397). This clinical trial
is still recruiting and is expected to give more insight
into the optimal lymphodepleting regimen prior to the
infusion of TIL in melanoma patients.

The role of interleukin-2 in the current treatment

protocol

Single agent IL-2 has received approval by the US Food
and Drug Administration for the treatment of metastatic
renal cell cancer and metastatic melanoma in 1992 [27]
and 1998 [28] respectively. When used in combination
with TIL, IL-2 is thought to enhance the anti-tumor re-
sponse by continuous support of growth and activity of
the infused TIL products. Studies suggest that IL-2 may
enhance the inherent antitumor activity of CD8" T cells
and the cytolytic function of natural killer cells [29].
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However, IL-2 is also associated with a variety of toxic-
ities, some associated with capillary leak syndrome pre-
sented by edema, hypotension and reduced urine output
within hours of infusion, but also fevers, rigors, myalgia
and nausea. Most of these toxicities can be managed
well by supportive measures [28]. However, so far no
clear correlation between the number of IL-2 infusions
and clinical response could be demonstrated. It is there-
fore worthwhile to reconsider the role of HD IL-2 ad-
ministration in combination with TIL infusion.

A phase I trial at the NIH evaluated the anti-tumor ef-
fect of TIL therapy with varying IL-2 doses ranging from 0
to 720,000 IU/kg in 15 patients with metastatic melan-
oma. Patients receiving either low-dose (LD) IL-2
(72,000 IU/kg i.v. every 8 h up to 15 doses) (n =3) or HD
IL-2 (720,000 IU/kg i.v. every 8 h up to 12 doses) (1 =6)
following NMA chemotherapy and infusion of TIL
showed reduction in tumor volume. This effect was not
seen in patients that did not receive any IL-2 (n = 6) [30].
Of importance, however, is that these findings are based
on a small study and confirmation of these data would re-
quire a larger prospective trial. The CCIT, Herlev,
Denmark, demonstrated clinical responses in patients
with metastatic melanoma treated with lymphodepleting
chemotherapy and TIL infusion followed by subcutaneous
(s.c.) LD IL-2 injections (2 MIU for 14 days). Durable ob-
jective responses were seen in 2/6 (33%) patients and 2/6
(33%) patients showed disease stabilization [31]. In an-
other phase I/II study by the same group, administration
of intravenous IL-2 in a decrescendo regime also showed
clinically significant responses with an ORR of 42%. In this
trial, 25 patients with metastatic melanoma were treated
with standard lymphodepleting chemotherapy and TIL in-
fusion followed by 5 days of continuous infusion of IL-2
in a decrescendo manner, with 18 MIU/m? over 6, 12 and
24 h followed by 4.5 MIU/m? over 24 h for 3 days [18].
These data from the NIH and CCIT suggest that it might
be possible to lower the dose of IL-2, without negatively
effecting clinical outcome.

Currently, several clinical trials are being conducted to
evaluate the clinical efficacy of these different IL-2 regi-
mens in ACT with TIL, as presented in Table 1.

Toxicity

The most common toxicities during TIL therapy are due
to the effects of the lymphodepleting preparative regimens
and the subsequent IL-2 after TIL infusion [32].
TIL-related toxicity is less common, but patients may de-
velop, mostly transient, dyspnea, chills and fever shortly
after infusion of TIL. Other signs of toxicity develop later
after infusion and may consist of melanoma associated
autoimmune diseases such as vitiligo or uveitis, of which
the latter promptly responds to topical corticosteroid
treatment. This demonstration of autoimmune-like
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toxicity does not seem to be significantly correlated with
response to TIL therapy [19]. In general, autoimmune-like
toxicity such as uveitis, hearing loss and vitiligo after TIL
therapy is much less common compared to development
of these side-effects following ACT with MART-1 or
gpl00 specific T cell receptor (TCR) gene therapy [33].
One plausible reason for this difference could be that TIL
products consist of a more polyclonal T cell population
targeting more and other antigens than the homogenous
T cell population in the TCR gene therapy product.

Autoimmune toxicity due to TIL therapy is not always
transient, as described by Yeh et al. In this case report, a
patient undergoing TIL therapy developed severe auto-
immune sequelae including diffuse erythematous
full-body rash, persistent panuveitis and hearing loss.
The patient was treated following preparative lymphode-
pletion with cyclophosphamide, fludarabine and TBI
12 Gy prior to infusion of 1.4x 10" autologous TIL
and 4 doses of HD IL-2. Biopsy of the rash showed der-
mal CD8" T cell infiltrates. Flow cytometry of ex vivo ex-
panded T cells from biopsies of the eyes demonstrated much
higher percentages MART-1 MHC multimer-positive CD8"
cells compared to the peripheral blood after TIL therapy.
The patient showed a durable CR of the metastatic melan-
oma 2 years after TIL therapy [34]. Although this case report
suggests a positive correlation between the occurrence of
autoimmune toxicity and response to ACT with TIL, such a
correlation has not yet been demonstrated in larger patient
cohorts.

Characterization of TIL products

The clinical efficacy of TIL therapy is greatly dependent
on the specific quality of T cells to recognize and eradi-
cate the tumor cells. In previous trials using TIL therapy
in patients with metastatic melanoma, a significant cor-
relation was seen between clinical benefit and culture
time, percentage of CD8" and CD8'/CD27" cells and
the absolute number of infused tumor reactive T cells in
the in the infusion product [8, 17, 18, 35]. When autolo-
gous tumor material from patients is available, one can
test the tumor reactivity of the generated TIL product in
vitro by co-culture of the TIL with the autologous tumor
cell lines or tumor digest, with as read-out the produc-
tion of effector cytokines, such as IFN-y and TNF-a, or
degranulation markers (such as CD107) by the T cells. In
our experience, up to 30% of the T cells in the infusion
products are able to recognize autologous tumor mater-
ial (unpublished data).

A substantial amount of cross-institutional effort has
been made over the past decades to dissect what
tumor-reactive T cells in TIL products recognize on hu-
man melanoma. To define the characteristics of poten-
tial T cell targets on melanoma, melanoma antigens can
be separated in two major categories: Tumor-associated
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and tumor-specific antigens. The tumor-associated anti-
gens include self-antigens with an aberrant expression in
cancer, such as overexpressed (OE) antigens and cancer/
testis (C/T) antigens, as well as tissue-specific antigens
such as the melanoma differentiation (MD) antigens.
These antigens are shared between subgroups of pa-
tients. The tumor-specific antigens include viral antigens
in cancers associated with viral infections such as human
papillomavirus (HPV) positive tumors where the onco-
genes are viral proteins and the mutated antigens
(neo-antigens), which arise as a consequence of DNA
damage.

For decades, we have known that tumor-specific T cells
in melanoma frequently recognize MD antigens. In par-
ticular MART-1 and gp100 are found to be recognized by
the vast majority of TIL products. In previous work we
have detected MART-1 specific T cell responses in 27 of
34 TIL infusion products, and gpl00 specific T cell re-
sponses in 14 of these products [36]. Neo-antigens are
conceptually very interesting T cell targets as they have
the potential to be as foreign as for example, viral antigens
because central tolerance is not expected. The first evi-
dence for T cells recognizing neo-antigens was provided
in a landmark study from 1995 by Wolfel et al., in which a
T cell clone isolated from a melanoma patient was shown
to recognize a mutated version of CDK4 [37]. At that
point in time, technical limitations prevented a more sys-
tematic assessment of such T cell responses. Now, some
20 years later, technological advances in the ability to per-
form high throughput exome sequencing, together with
the development of screening platforms for
antigen-specific T cells, have made it realistic to investi-
gate the frequency with which T cells recognize mutated
antigens. Seminal work from the groups of Schreiber [38]
and Sahin [39] provided proof of concept that these
newly-developed technologies could be utilized to dissect
T cell responses towards neo-antigens in their mouse
models. Subsequently, work from multiple groups includ-
ing ours, has cemented the paradigm that TIL frequently
respond to neo-antigens in human melanoma. Further-
more, patients with tumors baring high mutational load
are more likely to clinically benefit from immunotherapy
than those with tumors with a low mutational burden.
This has been demonstrated for lung cancer patients
treated with anti-PD-1 therapy [40], melanoma patients
treated with anti-CTLA-4 [41], and patients with
mismatch repair deficient tumors across several cancer
types with anti-PD-1 treatment [42, 43]. Based on these
observations, it seems likely that T cells specific for
neo-antigens play an important role in the responsiveness
to immunotherapy. Direct evidence that neo-antigen
specific T cells can be clinically relevant was provided by
the group of Rosenberg and colleagues. They showed that
patients can experience tumor regression upon adoptive
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cell treatment with T cell products enriched for
neo-antigen specific T cells [44]. In addition, we have de-
tected multi neo-antigen directed T cells in our in-house
produced TIL products (van den Berg et al., manuscript in
preparation). Together, these findings make it attractive to
enrich for neo-antigen specific T cell reactivity in TIL
therapy to increase the response rate.

TIL production

In general, TIL production can be divided into two steps;
initial outgrowth and rapid expansion (REP). Initial
out-growth starts with the excision of a melanoma me-
tastasis of at least 2-3 cm, followed by transport to a
Good Manufacturing Practice (GMP) production facility.
This metastasis (or multiple smaller metastases) are cut
into small pieces (of a few millimeters) or enzymatically
digested into a single cell suspension. Fragments or di-
gests are then cultured in the presence of IL-2 to allow
the outgrowth of TILs. Initial outgrowth takes around
14 days for an average TIL patient (range at NKI 7 to
21 days), resulting in at least 50 x 10° TILs. During the
outgrowth of a digest, tumor cells disappear from the
cultures. The use of tumor fragments [17, 18] or digest
[45, 46] seem not to influence the success rates of TIL
outgrowth and/or clinical response.

During REP, which takes 14 days in the standard proto-
col, TILs are stimulated and further expanded to large
numbers (between 1 x 10'® and 2 x 10"* cells). At the start
of a RED, soluble anti-CD3 antibody, irradiated feeder cells
(from autologous or allogenic source) in a 100-200 fold
excess to the TILs, and IL-2 is added to the T cells. These
irradiated feeders release growth factors into the culture
which will accommodate massive TIL expansion, usually
more than 1000-fold. During the last phase of the RED, a
bioreactor (such as WAVE or Xuri, or gas permeable G
Rex bottles) is required to allow culture of high cell dens-
ities [47]. The current success rate of TIL outgrowth is
very high, although not 100%. The group at the NIH
achieved to grow viable TIL in 75-85% from 93 melanoma
patients [8] and the CCIT in Denmark recently reported a
success rate of 97% (32 out of 33 TIL cultures from mel-
anoma patients) [18].

Whether IL-2 is the most optimal cytokine for the out-
growth phase of TIL is debatable. It is known that IL-2
leads to the terminal effector state of T cells. This, in
combination with the long production time of TIL,
makes the final infusion product consist mainly of
exhausted T cells. It would make sense to switch to
homeostatic cytokines such as IL-7, IL-15 and IL-21 to
generate a less differentiated T cell product. This could
possibly result in longer engraftment and better tumor
control in the recipient, as has already been observed in
animal models [48]. However, since clinically active TIL
production protocols are currently based on the use of
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IL-2, it is difficult to switch. Ideally, a clinical trial com-
paring different cytokine combinations for TIL out-
growth should be conducted to provide clarity about
which cytokine strategy is superior.

“Young” TILs

In most early studies, several TIL cultures were established
per patient and only the tumor reactive cultures were
pre-selected for further outgrowth. Tumor reactivity was de-
tected based on IFN-y production upon in vitro co-culturing
with autologous tumor material or HLA-matched tumor cell
lines [8]. In later studies, this “selected” TIL strategy was ex-
changed for minimally cultured “young” TILs with an initial
outgrowth phase < 20 days. During “young” TIL preparation,
no pre-selection on tumor reactivity is used. All TILs that
are grown are used for REP, making it easier to adapt [8, 49].
Interestingly, clinical response rates with “young” TILs are
comparable with “selected” TIL [35, 50], which makes
“young” TIL the current standard in the field.

Besides the ease, young TILs have two other major ad-
vantages; firstly, culture time is kept to a minimum. This
is important since short culture times are associated with
a better clinical response to TIL therapy [35]. Secondly,
this optimization step results in a higher success rate to
generate a clinical product, since for some patients no au-
tologous tumor material or matching cell line is available,
or no IFEN-y production could be observed.

TIL selection

TIL products are heterogeneous products. Not only do
they differ in percentage CD8" versus CD4" T cells, but
also in tumor reactivity and antigen specificity. As dis-
cussed above, only a fraction (up to 30% in our hands)
of the total population is tumor reactive. In order to en-
hance tumor reactivity, TIL could be enriched using a
selection marker. Selecting for a tumor reactive popula-
tion beforehand could ideally also shorten culture time
and lower the number of infused cells.

In 2010 Rosenberg and colleagues showed that PD-1
expression is high on melanoma reactive TIL and that
this marker could be used to pre-select tumor reactive
cells from the bulk TIL population using FACS or mag-
netic bead sorting. After enrichment, the PD-1 positive
T cells were expanded in standard REP protocol. Using
this PD-1 selection method, in three out of five tested
patients, TIL products showed enhanced tumor reactiv-
ity compared to the PD-1 negative or non-selected
population [51].

In another study, Powell et al. showed that CD137/
4-1BB, an activation marker for CD8" T cells, could be
used to select tumor reactive TILs from melanoma sam-
ples. TILs were either FACS sorted or bead selected based
on CD137 expression, and also these selected cells showed
enhanced tumor reactivity compared to unselected TIL.
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Both showed enhanced in vitro recognition of melanoma
cells lines, based on IFN-y production, and in vivo tumor
control in a patient derived xenograft (PDX) mouse model
was demonstrated [52]. Recently the Sheba Medical Cen-
ter, Israel, demonstrated that CD137 selection could be
performed with clinical grade compliant reagents. They
expanded CD137 selected TILs in a large-scale manner to
meet cell numbers required for patient treatment in a
GMP facility. The increased anti-tumor effect was most
prominent in an in vitro killing assay (using LDH release)
and less prominent in IFN-y release. Using this protocol,
CD137 selected TILs were enriched for the recognition of
both neo-antigens and shared antigens [45]. The Sheba
Medical Center is currently running a trial using this
CD137 selection strategy. Whether CD137 or PD-1 is the
best marker to enrich for melanoma-reactive TIL is not
known at present. Both methods will be further evaluated
in clinical trials.

Our own group showed that the tumor reactivity of
TIL products can be enhanced using clinical grade
MHC streptamers to enrich for sub-populations of TIL
with defined specificities. This strategy works for selec-
tion of TIL with both shared and neo-antigen reactivity.
Importantly, the protocol can be performed under GMP
conditions. A major challenge for clinical implementa-
tion of this strategy, is the requirement for knowledge of
the peptide-specificity within the TIL product, before
the MHC streptamers can be generated [53]. In addition,
streptamers are only available for a limited number of
HLA- alleles.

Several groups showed that infusion of high numbers
of CD8" TIL is associated with a higher objective re-
sponse [17, 35]. Both total number and percentage of
CD8" cells is significantly correlated with objective re-
sponse (p=0.0003 and p=0.001 respectively) [17]. In
addition, the observation was made that the presence of
CD4"FoxP3" Tregs is associated with lower clinical ac-
tivity of TILs [54], suggesting that CD4" cells in the in-
fusion product might negatively influence clinical
activity. This hypothesis was tested in a randomized con-
trolled trial (RCT) with TIL in melanoma patients in
which CD8" enriched and unselected “young” TIL were
compared. This study failed to show higher clinical ac-
tivity of the CD8" selected TILs [46].

Genetic editing of TIL

Current rapid developments in gene editing could also
further enhance TIL therapy. These developments make it
technically feasible to introduce potential beneficial recep-
tors or molecules, or the other way around, knock-down/
knock-out the ones that might be reducing the effect of
TIL. Rosenberg and colleagues showed that Zinc Finger
nuclease can be used to down regulate PD-1 in TIL,
resulting in clinical grade TIL products with an enhanced
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effector function and cytokine production [55]. The cur-
rently widely used CRISPR-cas9 technology is expected to
further increase the possibilities for gene editing of TIL.
The MD Anderson Comprehensive Cancer Center, Hous-
ton, Texas, US, uses a lentiviral vector to transduce TIL
with the chemokine receptor CXCR2, which could poten-
tially improve tumor homing [56]. This strategy is cur-
rently evaluated in the clinic (see Table 1, NCT01740557).
Transient, non-viral gene delivery by mRNA could also be
used as alternative for the introduction of additional che-
mokine receptors in TIL [57]. All these technical develop-
ments open endless potential genetic improvements of the
cell products.

An overview of the current TIL production protocol
and potential improvements is shown in Fig. 1.

TIL beyond monotherapy in stage IV melanoma
So far, response rates to TIL treatment have been con-
sistent between the many small or larger phase I/II clin-
ical trials [8, 9]. In order to improve overall response
and survival, TIL therapy could be combined with other
immunotherapies [58]. In addition, TIL treatment for
other malignancies than melanoma has become feasible
as well, creating new treatment possibilities for these
patients.

TIL as adjuvant therapy

Few studies with TIL treatment have been performed in
patients with stage III melanoma. In a RCT conducted
by Dreno et al., Nantes, France, 88 patients with stage
III melanoma were treated with adjuvant TIL/IL-2 (n =
44) or IL-2 alone (n = 44) after surgery. Their hypothesis
was that TIL treatment could be more efficacious in a
setting with a minimal tumor burden. Patients receiving
two infusions of 0.22—3.34 x 10'° TIL at 6 and 10 weeks
post-surgery followed by daily s.c. IL-2 injection (6 x 10°
IU/m?) for 5 days a week for 2 weeks with each TIL
infusion, showed superior relapse free survival (RFS) and
OS compared to the s.c. IL-2 only [10, 59, 60]. Importantly,
TIL infusions were not preceded by NMA lymphodepletion
and the number of cells infused were ~ 10-fold lower com-
pared to ‘classical’ TIL. As s.c. IL-2 is not approved as adju-
vant therapy for patients with stage III melanoma, it is
difficult to put the outcome of this study in perspective.

Combination therapy with TIL

Recently, results have been published from a study in
metastatic melanoma patients, who were treated with the
combination of a targeted agent plus TIL. In this pilot
study in 11 patients with BRAFY*®X mutated melan-
oma, the BRAF inhibitor vemurafenib was given in con-
junction with TIL. Patients were treated with vemurafenib
for two weeks following metastectomy for the production
of TIL, after which another lesion was resected. Patients
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were further treated according to standard protocol of
lymphodepleting regimen, TIL infusion and IL-2. Vemura-
fenib was resumed after TIL infusion and continued for
two years. Seven out of 11 patients (64%) showed an ob-
jective clinical response, two of whom had a durable re-
sponse lasting up to three years [61]. These results are
promising, however larger, randomized studies are needed
to show the value of this approach in comparison to TIL
alone. Currently, two clinical trials in which targeted ther-
apy is being combined with TIL are actively accruing pa-
tients (NCT02354690, NCT01659151), see Table 1.

Treatment with the anti-CTLA-4 drug ipilimumab,
was shown to heighten T cell infiltration into melanomas
and to broaden the TIL response to these tumors [62].
In a recent clinical trial at the Moffit Cancer Center,
Tampa, US, 13 patients with metastatic melanoma were
treated with ipilimumab in combination with standard
TIL therapy. Patients received four doses of ipilimumab
(3 mg/kg), starting two weeks before metastectomy for
TIL harvest, one week after resection of a metastasis,
followed by two and five weeks after conditioning
chemotherapy. Five out of 13 patients (38.5%) showed
an OR, four of which were durable, lasting up to one
year and one patient developed a CR 52 months after
this treatment [11]. Response rates seen in this trial were
not different from those in other TIL trials. However,
these data are the first to demonstrate the feasibility if
combining TIL with immune checkpoint blockade.

Currently, several trials have been initiated combining TIL
with PD-1 blocking agents (NCT03374839, NCT03475134,
NCT03158935, NCT02652455, NCT02621021, NCT01993
719), see also Table 1. Synergism from this combination may
be expected as the ex vivo grown and expanded tumor-react-
ive TIL are often PD-1 positive [63] and prevention of the
interaction between PD-1 on T cells and PDL-1 on tumor
cells by anti-PD-1 therapy around the time of TIL infusion,
may render these TIL more tumoricidal.

In addition, other immunotherapy modalities such as
dendritic cell vaccination and (peg-)interferon, are being
evaluated in a clinical setting combined with TIL ther-
apy. See also Table 1 for details on current recruiting tri-
als of combinations with TIL.

TIL therapy for other solid tumor types

For decades TIL treatment has been studied in patients
with mostly metastatic cutaneous melanoma. Recently,
investigators were also successful in growing out tumor
reactive TILs from other tumor types, such as renal cell,
breast and cervical cancer. In general, the tumor reactiv-
ity of TILs from these other tumors is lower when com-
pared to melanoma [64]. The production and reactivity
of TIL products for these other solid tumor types varies,
amongst others, due to the heterogeneity in mutational
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load, and thus neo-antigens, and lymphocytic infiltration
with variations of CD4* and CD8" T cells [65].

Promising ORR of up to 35% have been seen in patients
with metastatic uveal melanoma in an ongoing single-center,
single-arm, phase II TIL study with 21 patients [66]. Despite
the for this disease impressive ORR, the durability of these
responses appeared short compared to what has been ob-
served for cutaneous melanoma. A phase II trial has opened
to confirm these results in a larger cohort, NCT03467516,
see Table 1.

Recently, successful isolation, expansion and tumor
recognition of TIL from renal cell carcinoma was re-
ported. However, the reactivity of TIL was weaker and
showed reduced functionality compared to TIL from
melanomas [67]. Also in breast cancer, it is possible to
isolate and expand TIL ex vivo under standard culture
conditions. Four out of six randomly selected post-REP
TIL samples were found to be reactive to the autologous
tumor in vitro, which also showed functionality in vivo
in a xenograft mouse model [12]. Recently, Stevanovic et
al. demonstrated clinical responses upon TIL treatment
in patients with refractory metastatic cervical cancer,
with three of the nine treated patients showing objective
tumor regression, two of which were durable. When
possible, TILs were selected for HPV E6 and E7 reactiv-
ity, as the vast majority of cervical cancers harbor HPV
oncoproteins that may act as immunotherapeutic targets
for TIL [13]. Currently, a “basket” clinical phase II study
is being conducted at the NIH in patients with a variety
of metastatic disease, including digestive tract, breast,
urothelial, ovarian and endometrial cancers, in order to
provide information about rates of tumor regression
when treated with TIL (NCT01174121).

Limitations of TIL therapy and conclusions

Despite the many promising beneficial effects, TIL
therapy clearly also has its limitations. Firstly, TIL is
the ultimate personalized immunotherapy, as for every
individual patient a specific infusion product needs to
be produced. Since infusion products have to be pro-
duced in a patient specific manner, costs are relatively
high. However, non-commercial prices for TIL treat-
ment are still considerably lower compared to treat-
ment with checkpoint inhibitors, such as anti-
CTLA-4, as described in an early cost-effectiveness
model for TIL versus ipilimumab in patients with
metastatic melanoma [68]. As discussed, success rates
of TIL outgrowth vary between 75 and 97% [8, 18].
Therefore, there is a risk for every patient that treat-
ment needs to be canceled. Production time of a TIL
product is more than one month, which may be too
long for some patients with rapidly progressive dis-
ease. In addition, highly specialized GMP facilities
and production staff need to be in place, which
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Current “young” TIL
protocol

Potential improvements

Melanoma metastasis
process into:

*  Single cell digest
e Tumor fragments

TIL outgrowth:
e L2

Establishment of pre-REP TIL
>50x106

Initiation of REP:

* Activating anti-CD3

e HDIL-2

* Irradiated feeders (buffy
coats or autologous
apheresis)

Infusion product >1x106cells

Reinfusion in patient:

e HDIL-2
* Lymphodepleting
chemotherapy

(cyclophosphamide +
fludarabine)

Direct selection of tumor

reactive cells based on:

*  Activation markers:
(PD-1, CD137)

« (D8

* Antigen by multimers

Improve properties of TIL:

* Alternative cytokines
(IL-7, IL-15, IL-21)

*  Agonistic co-stimulatory
antibody (CD137)

Gene modification of

homing or co-stimulatory

factors by:

* TALEN, transposon,
CRISPR-Cas9 (stable)

Alternative REP:

* Alternative cytokines
(IL-7, 1L-15, IL-21)

* Artificial feeder cells
(cell lines)

* Shorter production time

Gene modification of

homing or co-stimulatory

factors by:

*  mRNA (transient)

* TALEN, transposon,
CRISPR-Cas9 (stable)

Optimized clinical protocol:

* Lower/no IL-2

* Milder lymphodepletion

* Co-treatment with other
immunotherapy (anti-
PD-1/ anti-CTLA-4) or
targeted therapy

Fig. 1 Schematic Overview of the Current TIL Production Protocol and Potential Improvements. Currently, surgically removed melanoma
metastases are processed into single cell digest or smaller tumor pieces. At this point in production, direct selection of tumor reactive cells based
on activation markers such as PD-1 or CD137, or CD8" T cells or multimers can be applied. TIL outgrowth currently occurs in HD IL-2. Outgrowth
of TIL could be improved in the presence of alternative cytokines such as IL-7, IL-15 or IL-21 or agonistic co-stimulatory antibodies such as CD137.
In addition, a variation of gene modifications of homing or co-stimulatory factors can be applied. The current REP protocol consists of addition of
activating soluble anti-CD3, HD IL-2 and irradiated feeders, but may be improved by addition of alternative cytokines such as IL-7, IL-15 and IL-21
and artificial feeders may be used. Also, the current REP time may be shortened. After REP, gene modification can also be applied. The infusion
procedure of TIL to the patient currently consists of a conditioning lymphodepleting regimen, usually cyclophosphamide and fludarabine and
administration of HD IL-2 following TIL infusion. However, multiple studies are being conducted with adjusted doses and treatment schedules of
the lymphodepleting regimen and IL-2, as are studies being conducted with TIL as combination therapy to further potentiate the anti-tumor
effect of TIL

requires extensive investments and training. The develop-  material (tumor fragments or digest), makes it difficult to
ment of computerized bioreactors could, at least in part, use a fully automated production process.

take over some of the handling by production staff in the Opverall, treatment with TIL shows great possibilities as
near future, although the heterogeneity of the original anti-cancer therapy in melanoma and in the future,
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possibly also in other solid tumors. However, TIL has
not been approved as anti-cancer treatment yet by the
regulatory authorities due to lack of results coming from
sufficiently powered prospective RCTs. The currently
recruiting phase III trial as discussed above
(NCT02278887) should give the first direct proof of the
effectiveness of TIL treatment compared to the current
standard of care in patients with advanced melanoma
unresponsive upon prior treatment.
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