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Adoptive Cellular Therapy of Malignancy
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sequent wmor cf 1ges in an: im-
munolo * specific manner. In
these repors, effector cells
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ed from donor enimals sub-

immune

were der
jected to multiple immunization pro-
cedures using highly imt n.mm:cm-:
mors Several im portant observa-
thons wete made [rom these earlier
studies. First, large numbers of freshly
harvested lymphoid cells from im-
were: Tequired. At

munized donors
least 10% immune cells were needed
ta mediate tumer regression of pal-
pable subcutanenus tumors in ro-
dents, which meant that several
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Second, the therapeutic efficacy of
these immune cells was directly re-
lated to the number of cells wrans-
ferred. Third, syngeneic immune cells
were mare effective in mediating tu-
mor regression than were allogeneic

or senogeneic immune cells, which
were rapidly eliminated by hest im-
mune mechanisms, thus renderng
them ineffective. Last, T lympho-
cvies were found 1o be responsible
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OBSTACLES CONFRONTING
ADOPTIVE IMMUNOTHERAFY
IN HUMANS

Aspreviously indicated, large nimbsers
of immune cells are required 10 me-
dizte the regression of an established
tumor, However, unlike expenmental
animal systeims, humans do not have
readily available genetically identical
counterpans 1o obtain immune cells

Therefare, umor-reactive lympheid cells
will have to be identified and lsolazed
from the patient with cancer, Further-
mate, to generate sufficient quantities
ol immune cells, in vitro methods of
expanding these cells while mantain-
ing thetr immunological reactivities are
reguired to render clinical therapy fea-
sible. These represent formidable

obstacles.

Addressing these probleins has
been hampered by the lack of reliable
in vitro assavs 1o predict whether 2
particular lymphoid cell can mediate
tumor regression in vivo. Forthe most
part, the ability of lymphoid cells 10
lyse rumar cLI:s ar .-1-.-n{|3..m. in ra-
S-FEII'I:"E 10 1IN YLD Tummor hﬂf\- no-CoT-
relation toin vivo therapeuric efficacy
Hence, the ability to identify tumor-
reactive immune cells from the umor-
bearing host has been extremely dif-
ficult. Moreover, animal studies have
demonstrated the existence of tumor-
induced immunosuppression that may
interfere with the sensitization of lym-
phoid cells or their ability 1o mediate

7.3

antitumor effects

A significant advance in the field
was the discovery of interleukin 2,
or what was originally called T-cell
growth factor.'® This lymphokine is
a 15000-d glycoprotein elaborated
by activated helper T cells and pro-
vides the means to culture and ex-
pand immune T cells over pro-
longed periads. In initial animal
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Based on these ¢xperimental ob-

in 1985 Rosenberg and

at the Wational Cancer
e (Bethesda, Md) reporied the

first human trial ol adoptive immu-

notherapy using autologous lym-

h turor e
iwhins fong fumors, Ly
end fungs on N right are-of 2nimals I
2utic doses of inferleukin 2

kme-activated killer eells and in-
1erteukin 2. In that study, 23

noma, reral cell, colon, and lung
cancar) were treated wilth wp to
8% 10 hrmphokme-activated killer

Lme

senerated from periph

amed through mul-

njum tolerated doses. Eleven patients

l.".*ii.‘-l.'l'nl:!'!il.‘ﬁ measurable tumor Te-

gressions—one complete and 10 par-
Thiz study heralded the feasi-

tis i
Bility of activating large numbers of
ex vivo lymphocytes for adoptive im-
munotherapy of human cancer. Be-
cause this early experience indi-
cated that patients with melanoma
and renal cell cancer were respon-
e majanty of patents treated
in subsequent studies focused on
these histologic wpes of wmor
The Table summarizes the results
[ream several imstituiions of treat-
ment of advanced melanoma and re-
nal cell cancer with Iymphekine-
activated killer cells and interleukin
2.%% Amang 190 patients with mela-
nora, there wasa response rate {com-

zive. L
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he frachea 1o -allow
of eonteol mice Wal did nol recaive
it Ipmphoring-sotivaled kiler calis and

plete-and pamial) of 16%. Ameng 198
patients with renal cell cancer, the
response rale was 22%. In these two
patient populations, sites of tumor
regression included Hver, long, bone,
<kin subcutaneous tissue, and lymph
nodes. Of note is the observation that
il tamor regressed at one site in a
matient, it usually was associated with
tumor regression at all sites of dis-
ease. In addition, a large proporticn
of patients who experienced com-
olete responses had these responses
far a-signilicant duration

Anzlyses of factors associated
with tumor responses o lymphokine-
activated killer cell and interleukin
2 therapy revealed no consistent find-
ings. The number of lymphokine-
activated killer cells infused, the in
vitro lytic activity of the lymphekine-
activated killer cells, or the total
amount of interleukin 2 adminis-
tered did not predict a mer re-
sponse. However, these experiences
clearly demonstrated that large-
seale culture of lymphoid cells for a
period of several days could be ac-
complished without contamination
Intravenous infusions ol up to 2% 10"




mamiiy due 1o mmicricuxin 2
Multiple organ toxic reactions asso-
ciated with interleukin 2 can be at-
tributed mostly to the following: (1)
induction of a capillary leak syn-
drome, (2) marked lymphocytic in-
filtration within visceral organs, and
(3) elaboration of other cytokines in
response to interleukin 2.3 The se-
verity of these toxic effects were clearly
associated with the cumulative amount
of interleukin 2 administered. For-
tunately, these toxic effects were
quickly reversible once interleukin 2
therapy was discontinued.

Along with the initial wrials of
lymphokine-activated killer cell
therapy, concurrent studies docu-
mented the antitumor efficacy of in-
terleukin 2 alone. Using the maxi-
mum tolerated dose of interleukin 2,
the National Cancer Institute was the
first to report tumor responses with
active interleukin 2 therapy in pa-
tients with melanoma and renal cell
cancer.* The response rates in these
tumors appeared to be comparable
to what was achieved with lympho-
kine-activated killer cells and inter-
leukin 2. The mechanisms postu-
lated for the antitumor activity include

e el dnduction:of T
sensitized ovtotonic T hrmiphocvies

the elaboration of other ¢
takines (ie, tumor necrosis factor a,
interferon-vy, interleukin 6, etc). Be-
cause of these findings, it was un-
certain whether the combined treat-
ment with lymphokine-activated killer
cells and interleukin 2 was signifi-
cantly better than treatment with in-
terleukin 2 alone. In a mutlti-
institutional trial, 167 patients with
advanced melanoma and renal cell
cancer were randomized to receive
treatment with either lymphokine-
activated killer cells and interleukin
2 or only interleukin 2.33 In patients
with melanoma, the response rates
for treatment with lymphokine-
activated killer cells/interleukin 2 and
only interleukin 2 were 12% and 16%,
respectively. In patients with renal
cell cancer, the response rates for treat-
ment with lymphokine-activated killer
cell/interleukin 2 and interleukin 2
only were 13% and 8%, respec-
tively. These results indicate that the
addition of lymphokine-activated killer
cells did not improve response rates.
A separate randomized trial of lym-
phokine-activated killer cells/
interleukin 2 vs interleukin 2 alone
in 181 patients with advanced can-

10 complete responses among the
85 assessable patients whe .
ceived lymphokine-activated ki
cells/interleukin 2, compared with
four among the 79 who received
interleukin 2 alone. There were
14 reponses and 12 partial re-
sponses. There was a trend toward
increased survival when
lymphokine-activated killer cells/
interleukin 2 was administered in
patients with melanoma, but n.o
trend was observed for patien:s
with renal cell cancer. Because of
the limited contribution of
lymphokine-activated killer cells
compared with interleukin 2
therapy alone, the use of tumor-
sensitized T cells appears to hold
more promise for successful adop-
tive immunotherapy.

TUMOR-SENSITIZED
T LYMPHOCYTES

Tumor-Infiltrating Lymphocytes
In contrast to lymphokine-activated

killer cells, which can be readily gen-
erated from peripheral blood hm-

Tumor Response to Treatment of Advanced Melanoma and Renal Cell Cancer With Lymphokine-Activated Killer Cells and Interleukin 2*
Melanoma Renal Cell Cancer
Lymphokine-Activated I 1l I —/
Study, y Killer Cellst Total No. CR PR CR and PR Total No. CR PR CR and PR
Rosenberg,~ 1988 7.9%1Q" 34 3 3 6 54 7 10 17
West et al,?! 1987 6.8-9.1x10" 10 0 5 5 6 0 3 3
Schoof et al,Z 1988 4.3x10" 9 1 4 4 10 0 5 5
Thompson et al,Z 1989 3.4-4.3x10" 8 0 0 0 8 1 0 1
Paciucci et al,** 1989 3.4x10" 5 0 1 1 9 0 1 1
Dutcher et al, % 1989 8.9x10% 36 1 5 6
Bar et al,%'1990 8.3x10" 55 1 6 7
Dutcher et al,? 1991 1.6x10" 33 0 1 1 . . e
Wang et al,% 1989 4.9-6.1x10" 32 2 5 . 7
Fisher et al,® 1988 7.0x10% 32 2 3 5
Parkinson et al,* 1990 9.2x10" e e ‘e .. 47 2 2 4
Total 190 6 25 30 (16%) 198 14 29 43 (22%)

all evaluable tumors.
tMean or median number of cells.
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*CR indicates complete response or regression of all evaluable tumors; PR, partial response or greater than or equal 1o 50% regression of
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actevation of these cells resulted in
the generation of umor-specific T cells
that were therapeutically effecuve. One
approach to the activation of these
lymph node cells involves their in vitro
sensitizanon (VS with irradiated -
mot cells in the presence of low con-
centrations of imterleukin 2.4 Dur-
ing IV5 culture, lympheid cells
differentiate and numerically ex-
pand into potent effector cells that
can mediate the regression of ad-
vanced, macroscopic tumors estab-
lished in visceral organs.”® Of sig-
nificance was the ability to generate
effective 1VS cells against a defined
poorly immunogenic tumor. It has
been postulated that human umors
are poorly immunogenic based on
their spontaneous origin and that
many animal tumors are not rel-
evant for study because they are sig-
nificantly immunogenic.” We, there-
{ore, examined the ability 1o generate
immune T cells reactive 1o the MCA-
102 sarcoma, a defined poorly im-
]TE'L'Il'ngETI]E tumaor. :‘Ln][nﬂlﬁ cannot
develap systemic immunity to these
tumors with several conventional vac-

cination procedures, and therapeu-
tic tumor-infiltrating lymphocytes
not be generaled with standard
technigues from these tumaors.™ ™ In
addition, umor-draining lymph nede
cells could not be suecessfully stimu-
lated with 1¥S culiure 1o develop into
immune T cells, However, we dis-

covered that the subcuaneous in-
aculation of MCA-102 tumor cells ad-

mixed with the bacterial adjuvant,
Corynebacterium parvim, resulted in
reactive draining lymph node cells
that could be subsequenmtly
cultared with the IVSmethod o gen-
erate therapeutic T-effector cells
(Figure 3).* Moreover, only lvmph
nodes draining this tumer “vaccina-
tion" site-were capable of differenti-
ating into immune T cells during 1VS
culture; peripheral bleed lympho-
cyies, splenocytes, distant lymph
nodes and bone marrow cells were
not eflective

Based on these experimental ob-
servations, we investigated the im-
mune [unction of wumor-sensitized
Iymph node cells in the treatment of
patients with advanced cancer.™ Pa-
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Figure 3. Treatment of poarly immunogenic MCA-TO2 pulmonary

micromeiaeiases \wih fumor-sensitized lymoh node celis activaled by in
1 {IV5] coffore. Mice wara moculaled
ed With vErious &
node colls warg e
subsequently hanvested, and sdoptively fransferred (1.5% 18"
| 1o mice with 3-day pulmonary malastases 4
sigriepkin 2 (7300 U infraperitoneally
oays), Mouse lunps were fanesfed and melastalic nodules cou
days aftar fumar inpeuiation, Corynebactarium parvum iwds foundg fo b
ant in eliciting: fumor-sensitized lymph neds calls ang 12z

udCLtanEpuel 1

ounts of Conmebactenum
el 7 odays faler, cullered 1

tients with melanoma or renal ceil
cancer Teceived intradermal inc
lasions of autologous tumor cel
mixed with BOG vaccine, which was
chosen because of its documenied 2:-
ficacy as an immune adjiuvant in chint-

cal studies using autologous tumot

vacoinations. ' Lymph nodes drain

ing the vaccine sites were ha
10 days later and cubured with
IVS method. A mean of 7107 [\'S
cells was infused into 10 patients in
conjunction with low-dose interls
kan 2. Delayed hypersensitivity 10
auologous tumor was seenin the
jonty of patients (78%) infused with
VS cells compared with none from
a group of patients who received 1o-

mor vaccination and interleakin 2

without the transfer of activated cells
This suggesied that immune Teactiv
|::|‘ ;1gam5[ Lumor was '.TII:L‘i]E'.'L...
the transferred cells. Tumor regres-
S0 WwWas G!'}SET\'E'E{ I Gne FE:['.':.“J-.
however, the limited number of cells
infused did not permit an adequate
assessment of the antitumor eflects
of these cells. Since large quantities
of tumor cells were required for IVS
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g T cells, the sequential eulture of

tumor-draining 53.'1:1]1}'. nooe cells with

3 and low-concentration 1n-

with exguisite immunelogic speafic-
itv. Appheation of this anti-CD3/
irterleukin 2 activation procedure was
examined with the poorly immuno-
eric B16-BLA munne melanoma,
which is a highly mvasive umor of
spontanecus origin. Because of its weak
{fmmunogenicity, anti-CD3/
interlewkin 2 activation of lymph node
cells draining this tumor did not re-

o

in fra fpoinag ang

sult in

the generation of therapeuti-
cally effective cells. However, we found
that therapeutic ant-CD3/interleukin
2-zctivated cells could be reliably gen-
erated from bymph nodes dralning in-
oculation sites of B16-BLE amor ad-
mized with C panvum. ™ In addiuon to
the zbility to mediate regression of ex-
penmentally induced pulmonary me-
tastases, these activated cells were ¢l-
fective in the resiment of spomanecus
isceral metastases onginating from a

prmary tumot, a condition that is rel-
evant to clirical therapy (Figure &)
Tuttle and colleagues® funher docu-
mented the ability to oliain immune
T cells from tumor-draining lymph
nodes using another method 1o acti-
vate these cells in vitro for subsequent
adoptive immunotherapy. Using bry-
ostatin 1, a novel protein kinase acti-
vator, and tonomycin, a caldum iono-
phore, they were able to generate
therapeutically eflective tumor-
specific T cells from wimor-draining
lymph nodes. Since the ami-CD3/
interleukin 2 and bryostatin-
fonomycin activation methods do not
require tumor antigen, these tech-
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eration of activated T cells in sulh-
nt numbers lor meaningful clinical
therapy. We are currently evaluating
the therapeutic efficacy of anu-CD3/

interleukin 2 actvated cells in a clini-
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FUTURE DIRECTIONS

The adoptive transfer of twmor-
reactive lymphoid cells as therapy [or
malignant neoplasms represents an
aliracrve i':]'.l'_"Tt'I.ﬂ'I.]".-'C Lo conven-
tional treatment modalities. Among
dillferent ellector cefls, T lympho-
cytes with specific immune reactiv-
ity to-the tumaor are more potent than
nonspecific lymphokine-activated
killer cells, Hence, the direciion of
this field has focused on the devel-
apment of methods to isolate and ex-
pand tumeor-specific T lymphocytes.
Although considerable progress is be-
ing made in both animal and hu-
man studies, this approach (o can-
cer treatment is still in its infancy and
a variety of problems remain unre-
solved. The following tabulation



summarizes the factors that should
be considered in devising clinical
adoptive immunotherapeutic strate-
gies in humans.

Requirements for Successful
Adoptive Immunotherapy
in Humans

e Isolation of tumor-reactive lym-
phoid cells

¢ In vitro methods to gencrate large
numbers of tumor-reactive cells for
adoptive transfer

e Possible down-regulation of tumor-

induced immunosuppression in the

patient

The ability to retrieve tumor-
sensitized cells from the total pool
of lymphoid cells available in the pa-
tient is of foremost importance. Hu-
man cancers spontancously arise and
may not be sufficiently immuno-
genic to allow the isolation of im-
mune T cells. Several approaches have
been reported to convert poorly im-
munogenic tumors into immuno-
genic ones, such as xenogenization
with chemical mutagens or vi-
ruses,’®* and more recently, geneti-
cally modifying tumors to elaborate
cytokines or express foreign anti-
gens.®®¢! Several reports demon-
strated that the transfection or trans-
duction of cytokine genes (ie, tumor
necrosis factor a. interferon v, in-
terleukin 2 , interleukin 4, granulo-
cyte-macrophage colony-stimulat-
ing factor) into murine tumor cells
will prevent the growth of an inocu-
lum of the modified tumor cells in a
normal host.%¢" This rejection re-
sponse appears 1o be related to the
elaboration of the cytokine in the mi-
croenvironment of the tumor cells,
which results in the subsequent re-
cruitment of endogenous host-
immune cells. Although local tumor
rejection is observed, the regression
of established unmodified tumors in
separate sites has not been observed
to date. Hence, the use of geneti-
cally modified tumors as therapeu-
tic vaccines may have limited appli-
catione We have heonn 1n pxamine

the use of genetically modified tu-
mors to generale immune T cells for
adoptive immunotherapy. In pre-
liminary studies, we used a novel in
vivo gene transfer technique to trans-
fect the poorly immunogenic B16-
BL6 melanoma with a gene encod-
ing an allogeneic class 1 major
histocompatibility antigen.™ This elic-
ited sensitized T cells in the drain-
ing lymph nodes. which were effec-
tive in adoptive immunotherapy
experiments after ex vivo anti-CD3/
interleukin 2 activation. The diffi-
culties associated with the identifi-
cation of suitably altered tumor cells
as well as defining their immunoge-
nicity will require a fundamental un-
derstanding of the involved mecha-
nisms before these approaches can
be applied successfully for inducing
specific T-cell responses against hu-
man tumors.

Another possible obstacle in the
retrieval of sensitized lymphoid cells
from the tumor-bearing host is the
phenomenon of tumor-induced im-
munosuppression. Nonspecific im-
munosuppression engendered by the
tumor-bearing state has been de-
scribed in animals and humans, and
is too broad a subject to review here.
More germane to T-cell therapy is the
phenomenon of specific tumor-
induced suppression, which is pos-
tulated 1o be mediated by tumor-
suppressor cells. North’ elegantly
demonstrated the presence of tumor-
suppressor cells in tumor-bearing
hosts, which abrogated the antitu-
mor reactivity of adoptively trans-
ferred immune lymphocytes. This
suppression was eliminated by treat-
ing the tumor-bearing host with
whole-body irradiation or adminis-
tering cyclophosphamide before the
transfer of immune cells. There is sig-
nificantly less information on tumor-
induced suppression that may in-
hibit immune cell development. Until
recently, experimental models of
adoptive immunotherapy (ie, tumor-
infiltrating lymphocytes or tumor-
sensitized lymph nodes) have used
lymphoid cells derived from donor
animals bearing localized subcuta-

neous tumors in the absence of con-
comitant visceral tumors. We found
that the presence of visceral tumor
can suppress the development of sen-
sitized lymphocytes obtained from
lymph nodes draining subcutane-
ous tumors in the same hes
(Figure 5).° This highlights the com-
plexity of the tumor-bearing state that
can negatively modulate immune re-
sponses to tumor antigens. The abil-
ity to isolate antitumor effector cells
from the tumor-bearing host re-
mains an important area of experi-
mental investigation.

Successful adoptive immuno-
therapy requires the availability of
large numbers of appropriately re-
active effector cells. This require-
ment underscores the need for de-
veloping methods to facilitate the long-
term expansion of effector T
lymphocytes while maintaining their
specificity and ability to function in
vivo. The most productive approach
for long-term growth of sensitized T
cells for cancer therapy is not vet de-
fined, although many techniques are
being investigated. The conven-
tional mixed lymphocyte-tumor in-
teractions might yield cells with spe-
cific antitumor reactivity, but are
poorly suitable for significant proiif-
eration of T cells. The addition of in-
terleukin 2 to mixed lymphocyte-
tumor cultures has been shown 0
enhance sensitization to tumor an-
tigens and T-cell expansion.** In-
deed, the methods for generating tu-
mor-infiltrating lymphocytes and IV
cells are analogous to the culture of
T cells with both antigenic and in-
terleukin 2 stimulations. However. the
optimal conditions for IVS as well as
expanding tumor-specific T cells have
not been established. It is possible
that through the use of additional cy-
tokines or T-cell antibodies, culture
systems may be designed to selec-
tively stimulate the growth of par-
ticular T-cell subpopulations that are
more suitable for adoptive immuno-
therapy.

Adaptation of modern tech-
niques of molecular biology may
also prove invaluable in designing
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