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Summary. A trial of adoptive immunotherapy was per- 
formed in which long-term cultured, interleukin-2 
(IL2)-dependent T-lymphocytes were administered to pa- 
tients with metastatic adenocarcinoma of the lung. Lym- 
phocytes were isolated from explants of cancer tissues that 
were cultured in medium with recombinant IL-2. These T- 
cells expressed surface markers of activation, and killed a 
broad panel of tumor targets. Intravenously injected 11 qn- 
dium-labeled T-cell blasts distributed primarily to lungs, 
liver, and spleen. Despite a paucity of infused lymphocytes 
detected by external imaging at sites of tumor, five of se- 
ven patients showed reduction of their cancers. However, 
in no case was greater than 50% reduction of total tumor 
burden achieved. Evidence of increased delayed cutaneous 
hypersensitivity to protein antigens was observed in three 
patients following therapy. We conclude that long-term 
cultured tumor-derived T-cells can be transferred safely 
into humans and that these cells may be capable of en- 
hancing immune responses and mediating tumor reduc- 
tion in vivo. 

Introduction 

Tumor cells express surface antigens that serve as targets 
for cell-mediated immunological responses [22]. It has 
been repeatedly demonstrated that animals that have been 
immunized against a tumor can specifically reject subse- 
quent challenges by that tumor [23]. Rejection in vivo is 
mediated by mononuclear cells and specificity for tumor is 
conferred by T-lymphocytes [3, 12]. Lymphocytes sensi- 
tized to syngeneic tumor in vitro can effectively produce 
regression and cure of certain advanced murine tumors [4, 
18, 31, 38, 40]. In addition to antigen-specific T-lympho- 
cytes, natural killer (NK) cells [21] and other nonspecific 
cytotoxic cells [27, 34] have been suggested to play a role 
in reducing tumor in vivo. Recently, Rosenberg et al. have 
reported clinical responses in some human cancers by the 
transfer of interleukin-2 (IL-2)-stimulated peripheral 
blood lymphocytes that display broad antitumor specifici- 
ties [39]. 

T-lymphocytes that are isolated from human tumors 
are enriched for specific reactivities to their autologous tu- 
mor when examined in vitro [24, 44, 45]. The adoptive 
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transfer of sensitized, tumor-specific T-lymphocytes, how- 
ever, has not been applied to the treatment of human can- 
cers due to difficulties in the isolation and propagation of 
large numbers of immune T-cells. T-lymphocytes can be 
isolated from autologous tumor tissues when fresh tumor 
explants are cultured in medium with IL-2 [24]. T-cells re- 
trieved in this manner secrete lymphokines, bind to tumor 
cells, kill autologous and allogeneic cancer cells and the 
K562 erythroleukemia cell line. These T-lymphocytes also 
display enhanced killing of their autologous tumors be- 
yond what is observed for peripheral blood lymphocytes 
from the homologous donors. 

We report the results of an immunotherapeutic trial in 
metastatic adenocarcinoma of lung using the adoptive 
transfer of autologous, long-term cultured, tumor-derived 
T-cells. Five of seven patients who received adoptive 
transfers of autologous T-lymphocytes without adjuvant 
IL-2, showed a reduction in the size of their tumors. The 
antitumor effects of immunocompetent T-cells isolated 
from tumor tissues suggest that these cells may be of thera- 
peutic value in human lung cancer. 

Experimental methods 

Patient population. Seven patients with metastatic adeno- 
carcinoma of lung were studied. The criteria for entry into 
the trial included the presence of biopsy-proven metastatic 
adenocarcinoma of the lung that was not amenable to sur- 
gical extirpation. Patients were excluded from the trial if 
they were( l )  >70 years old, (2) had arterial pO2 <60 mm 
Hg, (3) a creatinine >3 .0mg/100ml ,  (4) bilirubin 
>3.0 rag/100 ml, (5) active arthritis or autoimmune dis- 
ease, or (6) were receiving steroids. All patients signed an 
approved informed consent form prior to entrance into the 
trial. 

Four of the seven patients had completed courses of 
radiation to their primary lung tumor and mediastinum at 
least 1 month prior to treatment. One patient (D) complet- 
ed a single course of chemotherapy, without achieving a 
clinical response, prior to beginning immunotherapy. 
Three (B, C, G) received palliative radiotherapy to painful 
boney lesions during their course of immunotherapy 
(Table 1). Irradiated sites in bone were excluded from 
posttreatment evaluation. 

Lymphocyte harvest and culture. Recombinant IL-2 was a 
generous gift of the Genetics Institute (Boston, Mass.). In 



Table 1. Clinical details of patients involved in the study 

Patient Age Tumor Site of disease Date of diagnosis Prior treatment Date of death 

77 

A 36 Adeno (PD) ~' Lung, chest wall 11/84 Surgery, radiation 3/86 (5 days) u 
B 60 Adeno (MD) Lung, chest wall, bone 6/85 None 9/85 (2 months) 
C 34 Adeno (PD) Lung, bone 5/85 None 12/85 (3 months) 
D 67 Adeno (MD) Liver, bone, brain 10/85 Velban Mitomycin 4/86 (6 months) 
E 53 Adeno (WD) Lung, pleura 6/85 Radiation Alive (3 months) 
F 58 Adeno (WD) Lung, pleura, pericardium 4/85 Radiation 3/86 (1 months) 
G 61 Adeno (MD) Lung, pleura, bone 11/85 Radiation Alive (7 months) 

~ Histological grade of tumor, WD = well, MD = moderately, PD = poorly differentiated 
t~ Numbers in parentheses represent survival following immunotherapy 

all but one pat ient  (D), lymphocytes  were isolated and 
grown directly from biopsies of  their tumor. In this pat ient  
long-term cultures ( > 4  weeks) of  IL-2-dependent  peri- 
pheral  b lood  lymphocytes  were used for therapy.  Tumor  
was obtained from either p r imary  or metastat ic sites by 
various biopsy procedures  (Table 2). 

The tumors  were cultured directly from biopsy ex- 
plants  as previously described [30]. Briefly, tumor  was sec- 
t ioned into 1 -2  mm pieces with a sterile b lade  and placed 
into 24-well tissue culture plates that contained RPMI-  
1640 with 5% heat- inact ivated human serum, 50 a g / m l ,  
gentamicin (complete  medium),  and IL-2 (10 un i t s /ml )  or 
complete  medium alone. The cultures were observed daily 
under  an inverted light microscope.  Cells were expanded  
in 24-well plates when cell densi ty exceeded ~ 5 x 105/ml. 
To attain large numbers  of  cells for infusion and testing, 
the cultures were per iodica l ly  (every 2 - 4  weeks) restimu- 
lated with i r radia ted  autologous per iphera l  b lood  mono-  
nuclear  cells and phytohemagglut in in .  (PHA, Wel lcome 
H A  16/17, 1 gg/ml) .  The interval between the t ime of  in- 
i t iating cultures from the b iopsy  and the use of  the cells for 
therapeut ic  infusions var ied between 1 and 4 months.  Im- 
mediate ly  pr ior  to each infusion, the cells were washed 6 
times in endotoxin-free,  acetate-buffered,  normal  saline, 
p H  7.3. Then 10 ml of  the culture supernatants  were plant-  
ed in separate  culture bottles containing thioglycollate  me- 
dium and dextrose phosphate  broth  (GIBCO Life, Law- 

rence, Mass.), and these cultures were examined for bacte- 
rial growth. T- lymphocyte  cultures were examined each 
day by direct microscopic  observat ion to exclude bacter ial  
and  fungal contaminat ion.  Gram stains were p repared  
from culture supernatants  pr ior  to each infusion. An ali- 
quot of  the supernatant  from the last saline wash of  the 
cells was tested for the presence of  bacter ia l  endotoxin  in a 
Limulus Amebocyte  Lysate assay (MA Bioproducts ,  Wal- 
kersville, Md.) that is sensitive to > 1.25 E U / m l  of  F D A  
reference endotoxin.  Patient p lasma  was examined for the 
presence of  preformed ant i - lymphocyte  ant ibodies  by indi- 
rect immunofluorescent  staining and flow cytometr ic  anal-  
ysis. Pooled sera containing an t i -HLA ant ibodies  from 
mult iparous  females served as the posit ive control  for 
these studies. Control  an t ibody  binding was defined using 
a panel  of  sera from normal  men and nonparous  women. 

Radiolabeling of T-cells. T-cells (2.5 x 108) were radiola-  
beled with 250p.Ci of  111indium-oxide using a method 
modif ied  from previous reports  [42]. The rad io labe led  cells 
were infused over 5 min via a per iphera l  venous catheter. 
Sampling of  per iphera l  b lood  was per formed at regular  in- 
tervals between 5 min and 48 h. Aliquots of  1 ml of  b lood  
were counted in a y-counter ,  and the counts corrected for 
the radioact ive  decay of  111indium (%2= 2.8 days). Patients 
were scanned by y-camera  at 4, 24, 48, and  72 h to deter- 
mine the dis tr ibut ion of  the radiolabel .  Images were re- 

Table 2. Biopsy sites used and effects of immuno therapy procedures 

Patient Source of biopsy Interval Number of 
from biopsy infusions 
to treatment 

Total number Tumor Clinical a 
cells infused reduction response 
(x 10 -9) 

A Open lung 4 months 3 

B Excision of rib 1 months 9 
metastasis 

C Fiberoptic 3 months 6 
bronchoscopy 

D Blood 2 months 14 

E Rigid bronchoscopy 2 months 6 

F Pleural biopsy 3 months 8 

G Rigid bronchoscopy 4 months 9 

0.5 Subcutaneous N.E. b 
mass 

4.0 Subcutaneous Progression 
mass, lung 

3.0 No Progression 

4.6 Subcutaneous No 
masses 

4.8 Lung No 

3.3 No No 

3.1 Lung, bone Progression 

a Based on evaluation at completion of therapy 
b Therapy could not be evaluated due to death 5 days after starting therapy 
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corded with a medium energy, high resolut ion coll imator.  
Da ta  was recorded and stored in a dedica ted  computer  
with a 128 x 128 matrix. 

Pretherapy evaluation. All patients were studied within 2 
weeks of  init iat ing t reatment  to define the locat ion and ex- 
tent of  their tumor. Rout ine studies included chest X-rays,  
liver, spleen, and bone scans. Computer ized  tomography  
(CT) of  the head, chest, or abdomen  was obta ined  when 
indicated.  Labora tory  testing pr ior  to therapy included 
complete  b lood  count (CBC) with differential ,  liver func- 
t ion tests, serum creatinine,  electrolytes, erythrocyte sedi- 
mentat ion rate (ESR) carc inoembryonic  antigen, anti-nu- 
clear factor, rheumatoid  factor, hepatit is  B surface anti- 
gen, e lectrocardiogram,  urinalysis,  pu lmonary  function 
studies. Values for CBC, ESR, electrolytes, and  creatinine 
were obta ined three times a week during treatment.  All  
b lood  sampling was repeated at 1 -3  weeks after the end of  
therapy.  

Two-color  flow cytometr ic  analysis of  the T-cell blasts 
used for infusion, and  per ipheral  b lood  lymphocytes  was 
per formed immedia te ly  before,  and  30 min after comple-  
t ion of  the T-cell infusion, 1 -3  times a week. Mouse anti- 
human monoclona l  ant ibodies  directed at a spectrum of  
lymphocyte  antigens were used to stain the cells. These an- 
t ibodies react with CD3 (Leu-4) that  is present  on peri- 
phera l  b lood T-lymphocytes ,  CD4 (Leu-3a) present  on the 
he lpe r / induce r  subset of  T-cells and monocytes ,  CD8 
(Leu-2) present  on the cy to toxic /supressor  subset of  T- 
cells, Leu-8 present  on regulatory subsets of  per iphera l  
CD4 + and CD8 + T-cells, CD11 (Leu-15) present  on the re- 
gulatory subset of  CD8 + cells and >90% of  monocytes  
and granulocytes,  HNK-1 (Leu-7) present  on granular  
lymphocytes ,  CD16 ( L e u - l l )  present  on the major i ty  of  
N K  cells and granulocytes,  CD25 (IL-2 receptor)  present  
on act ivated T and B-lymphocytes,  class I I  H L A - D R  anti- 
gens expressed by act ivated human T-lymphocytes,  B- 
cells, and monocytes.  

Patients were skin tested with 0.1 ml of  purif ied protein  
derivative (PPD, 5 units), mumps,  or Candida specific an- 
tigens p lanted  in the forearm before immunotherapy  and 
again at the end of  therapy.  Tests were scored at 24, 48, 
72 h. Indura t ion  at the skin test site > 10 mm was scored as 
posit ive and the presence or absence of  erythema was not- 
ed. 

Treatment protocol. Each pat ient  was skin tested with 
5 × 10 6 autologous T-cells 48 h before receiving i.v. infu- 
sions of  lymphocytes.  T-cells for infusion were suspended 
and delivered in acetate or b icarbonate-buffered,  normal  
saline, pH 7.3. In a single pat ient  (A), intralesional  injec- 
t ions (total of  4 x 10 ~ cells) of  a s. c. chest wall  tumor  were 
also performed.  The numbers of  cells del ivered per  i.v. in- 
fusion varied between 2 x 107 and 1.1 x 10 9 cells. In gene- 
ral, 2 - 3  i.v. infusions were per formed per  week for 3 
weeks (Table 2). In two patients (D and E), infusions were 
cont inued on an outpat ient  basis at per iodic  intervals. 

Evaluation of responses. All scans and X-rays were repeat- 
ed at 1 -3  weeks after the complet ion  of  therapy to assess 
changes in tumor  size and distr ibution.  Tumor  size was de- 
termined by the product  of  the longest horizontal  and ver- 
t ical diameters of  each lesion. The extent of  measurable  tu- 
mor  was taken to be the summat ion  of  the size of  all mea- 

surable lesions. Further  testing was cont inued at per iodic  
intervals when indicated.  Ant i tumor  responses were 
quant i ta ted by the following criteria:  complete  response = 
total  d i sappearance  of  all known mal ignant  disease; par- 
t ial  response = 50% or greater decrease in the extent of  
mal ignant  disease, no more than a 25% increase in the size 
o f  any measurable  lesion and no new mal ignant  lesions. 
No response = < 50% decrease in the extent of  a measu- 
rable lesion with < 25% increase in the size of  any malig- 
nant  lesion and no new lesions. Progressive disease = 
> 25% increase in the size of  any measurable  lesion or the 
deve lopment  of  a new mal ignant  lesion. 

Results 

Phenotype of cells used for therapy 

The cell surface phenotype  of  the T-cells that  were used for 
therapy is shown in Table 3. Five of  the seven patients 
showed a dominance  of  CD4 + cells in their cultures; 
CD8 + cells domina ted  in the cultures of  two patients.  Dif- 
ferences in the percentage of  T-cells that expressed IL-2 re- 
ceptors, and to a lesser degree class II  H L A - D R  antigens, 
var ied inversely with the t ime interval between PHA sti- 
mulat ion and infusion. The expression of  IL-2 receptors 
on cells peaked at 2 - 5  days after st imulation, then decay- 
ed rapidly  and was present  on less than 10% of  cells by day 
12. The decrease in IL-2 receptor  expression was accom- 
panied  by diminished prol i fera t ion of  the cells in culture 
but  did not  correlate with their cytotoxic activities (data  
not  shown). H L A - D R  antigen diminished slowly on the 
surface of  act ivated T-cells and  was present  on more than 
70% of  T-cells at day 12 (Fig. 1). Cultured T-cells were rou- 
t inely used for infusion at 7 - 1 4  days after restimulation. 

All lymphocyte  cultures were tested for cytotoxici ty 
against  al logeneic and N K  tumor  targets in 4-h 5~Cr re- 
lease assays [24]. The amount  of al logeneic and N K  target 
kill ing varied among long-term T-cell cultures (data  not  
shown). In two cases, the lymphocytes  were examined for 
kill ing of  autologous tumor  cells that had been isolated in 

Table 3. Phenotype ofT-cell blasts used in therapy 

Antigen Patient 

A B C D E F G 

CD4 61 72 55 1 5 91 58 
CD8 20 12 35 98 91 5 22 
CD4/IL_R a, b 11 51 13 0 1 85 12 
CDS/IL-R 8 8 5 1 1 1 2 
CD4/HLA-DR b 23 nd 57 1 5 93 14 
CD8/HLA-DR 52 nd 38 80 86 3 9 
CD4/Leu-8 8 40 10 0 1 41 56 
CD8/CD11 36 3 3 1 22 2 8 
HNK-I/CD8 20 2 8 0 14 1 8 
HNK-I/CD16 8 1 2 0 0 1 2 

Long-term cultured T-cells were stained with monoclonal anti- 
bodies tagged with FITC and phycoerythrin, fixed in 1% parafor- 
maldehyde, and analyzed on a Becton-Dickinson FACS 440 
~, data represents the percentage of T-cell blasts that stained posi- 

tively for both antigens and is representative of the phenotype 
used for infusions in each patient 
the percentage of T-cells bearing IL-2R, and to a lesser extent 
HLA-DR, varied based on the interval between PHA stimu- 
lation and staining 
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Fig. 1. Expression of cell surface IL-2 receptors and class Il HLA- 
DR antigens on T-cells following restimulation with PHA 
T-cells cultured from tissues in medium with IL-2 were periodical- 
ly (2-4 weeks) restimulated in the presence of PHA (1 txg/ml) and 
irradiated peripheral blood mononuclear cells. T-cells were 
stained with monoclonal antibodies reactive with the IL-2 recep- 
tor and class lI HLA-DR antigens at 2-3 day intervals, and ana- 
lyzed on a Spectrum III flow cytometer (Ortho Diagnostics, Wes- 
twood Mass.). Nearly all T-cells (> 95%) expressed IL-2 receptors 
and HLA-DR antigens 5 days after stimulation. IL-2 receptor ex- 
pression decreased rapidly after day 5, with less than 10% of T- 
cells staining positively by day 12. Cellular proliferation paral- 
leled the expression of the IL-2 receptor (data not shown). HLA- 
DR expression was maximal at day 5, and then gradually dimin- 
ished with time so that -70% of T-cells were HLA-DR + at day 
12. Data represent the average values from three different tumor- 
derived T-cell cultures stimulated in PHA, and analyzed in paral- 
lel 

stationary cultures from tumor tissue explants. In one case 
(A), T-cells showed enhanced killing of autologous tumor 
above what was observed for IL-2-stimulated, homologous 
peripheral blood (Fig. 2). In the other case, minimal  cyto- 
toxic activity was observed against syngeneic, allogeneic, 
and N K  tumor targets (data not shown). 
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Fig. 2. Lysis of autologous tumor by IL-2-dependent, tumor-de- 
rived and long-term cultured peripheral blood T-cells 
Tumor-derived lymphocytes and peripheral blood lymphocytes 
were cultured in parallel in IL-2, and tested for their ability to lyse 
cultured autologous adenocarcinoma cells in a 4-h SJCr release as- 
say. Note that tumor-derived T-cells were more effective at lysing 
autologous tumor at all effector: target ratios than peripheral 
blood lymphocytes. Tumor-derived and blood T-cells also killed 
allogeneic tumor targets and NK targets (data not shown). Data is 
representative of one of five seperate assays performed periodical- 
ly over a 6-month period using these cultures 

79 

Localization of  radiolabeled cells 

Whole-body imaging of the distribution of t~qndium- 
labeled T-lymphocytes, performed within 4 h after infu- 
sion, showed concentrat ion of radiolabel in lungs, liver, 
and spleen, with minimal  uptake in bone. With time, the 
amount  of radiolabel in the lungs decreased, while activity 
in liver and spleen increased. In two cases (B and C), the 
rate of lung clearance of radiolabel was dramatically faster 
than for the other five patients (Fig. 3). Minimal  activity 
was present in areas that corresponded to sites of primary 
lung tumor. A patient with liver metastases (D) also 
showed less uptake of label in regions of hepatic metas- 
tases that had been previously detected by 99technetium 
colloid imaging (Fig. 4). In no case were labeled cells con- 
centrated above tissue background within known pulmon-  
ary, hepatic, subcutaneous, or brain tumors as judged by 
y-imaging, y-Count ing of peripheral blood (n = 3) showed 
the circulating radiolabel to be reduced to N8%-10% of 
the injected dose by 5 min following infusion, suggesting 

L ~ 5  ~ _ 
- : a e / 7  . 

2 ,  

; i '  " 

Fig. 3. y-Imaging of patients following infusion of I~lindium-la- 
beled T-cells 
T-lymphocytes (2.5 x 108) were labeled with 250 p~Ci of ~ qndium. 
The cells were washed, and infused via a peripheral vein. Whole- 
body images were obtained by y-scanning at 4 h and 24 h. The 
upper panel (left) shows the 4 h upper torso scan of a patient (B) 
who had a tumor in the left lower lobe. Note the concentration of 
label in lungs, liver, and spleen. Minimal activity in other organs, 
and blood pool is seen. Less activity is present in the left lower 
lung zone than in other pulmonary zones. At 24 h (upper panel, 
right) there had been a marked decrease in the amount of activity 
in the lungs and increased label is present in liver and spleen. The 
lower panel (left) shows the appearance in another patient (E) at 
4 h, who had a tumor in the right upper lobe that had involved 
ipsilateral pleura. Note the concentration of label in lungs, liver, 
and spleen, and the presence of focally diminished activity in the 
right lung. At 24 h, label persisted in the lungs, but activity was 
diminished compared to the earlier time point 
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Fig. 4. y-Imaging of a patient with liver metastases 
y-Imaging at 4 h following the infusion of radiolabeled cells in a 
patient (HK) with liver metastases showed a discrete zone of di- 
minished activity in the right lobe of the liver (arrow), as well as 
several other inhomogeneous zones in that organ. These areas of 
diminished activity corresponded to the location of metastases as 
judged by 99technetium colloid scanning (not shown). Note the 
absence of the left lung, which had been previously resected 

that  most cells had been sequestered fol lowing the initial  
circulatory passes. A gradual ,  further loss of  the radiolabel  
from the b lood  occurred over hours, and only ~ 1%-2% of  
the injected label was present  in the circulat ion at 12 h. For  
two patients,  b looid  d i sappearance  curves were construct- 

ed on init iat ion of  therapy and at the end of  the 3-week 
course of  T-cell infusions. No significant difference in the 
kinetics of  d i sappearance  of  the radiolabel  was detected 
between these t ime points  (data  not  shown). 

Histology of the lungs following infusions 

Transbronchia l  biopsies of  nontumor-bear ing  lung (right 
lower lobe) were per formed in two patients 24 h after they 
received their first i.v. infusion of  rad io labeled  T-cells. The 
lungs in both cases showed focal alveolar  septal injury as 
judged  by the presence of  episeptal  and intraalveolar  fi- 
brin. A lymphocyt ic  infil trate was present  a round  small 
septal  vessels, within alveolar  septa, and  in air  spaces 
(Fig. 5). 

Analysis  o f  the cells in the bronchoalveola r  lavage 
(BAL) revealed that up to 80% of  the leukocytes in the 
BAL were lymphocytes  (normal  10%-20%). More than 
90% of  these lymphocytes  were CD3 + (Fig. 6). In one pa- 
t ient (AR), the BAL fluid was examined for the presence 
radioactivi ty.  All  of  the radioact ivi ty  (614 c p m / m l  lavage 
fluid) was associated with the cell pellet  confirming that  T- 
ce l l s tha t  had been infused had been retr ieved in the BAL. 

Skin testing for an tigen 

Five patients displayed cutaneous anergy to all of  the pro-  
tein antigens used for skin testing at the start of  therapy.  In 
one pat ient  (D), cutaneous anergy to Candida specific an- 
tigens was replaced by an erythematous and indura ted  
( >  20 mm) response, when he was retested at the conclu- 
sion of  therapy. In two nonanergic  patients (G and E), 

Fig. 5. Histology of the lung after T-cell infusion 
Two patients underwent transbronchial biopsy of nontumor-bear- 
ing right lower lobe 24 h after receiving an infusion of T-cells. The 
lung tissue showed a lymphocytic infiltrate that involved the alve- 
olar septa and surrounding small parenchymal vessels. Several fo- 
ci of septal and intraalveolar fibrin are present (white arrows) in- 
dicating the presence of microvascular injury. Hematoxylin and 
eosin. Magnification x 313 

Fig. 6. Phenotype of lymphocytes retrieved in the BAL fluid 
Prior to transbronchial biopsy, patients underwent a 300 ce saline 
lavage of their right middle lobe. Most of the white blood cells in 
the fluid that was retrieved were lymphocytes. Cytocentrifuge pre- 
parations of the cell pellet were prepared, and stained using an 
avidin-biotin immunoperoxidase technique for CD3. More than 
90% of the lymphocytes stained for the CD3 antigen. Clusters of 
positively stained T-cells (black arrow), are seen amidst larger, 
nonstaining alveolar macrophages. Immunoperoxidase. Magnifi- 
cation x 450 
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positive responses with induration ( > 1 0 - 2 0  mm), and 
erythema at the initial skin test sites were observed at 24 h, 
and persisted for more than 1 week during the T-cell infu- 
sions. Both of  these patients showed a greater than 10 mm 
increase in their cutaneous skin test responses to Candida 
antigens after therapy. Skin test conversion to PPD re- 
sponsiveness did not occur for any patient. 

Toxicity 

Infusions of  long-term cultured T-cells were generally well 
tolerated. Fever was detected in one patient (A) who had 
been febrile, apparently due to his extensive tumor bur- 
den, prior to the initiation of  immunotherapy.  Nausea, 
without vomiting, was reported by three patients, all of  
whom were receiving narcotic analgesics, and was con- 
trolled with antiemetics. A mild decrease in pulmonary 
function parameters (up to 21% of vital capacity) was mea- 
sured for all patients at the end of  therapy (Table 4) with- 
out any signs of  respiratory distress. Local reactions at the 
site of  infusion were not observed. Serious hypercalcemia 
( >  12 mg/100 ml) occurred in two patients who had wide- 
spread boney disease and pathological fractures. These pa- 
tients required treatment with vigorous saline diuresis and 
mithramycin. In one patient (C), calcium levels that had 
become elevated during T-cell infusions normalized within 
3 weeks after the completion of  therapy. 

Tumor response to T-cell therapy 

All patients had metastatic adenocarcinoma that was clin- 
ically and histologically consistent with a primary site in 
the lung. The histological grade of  the tumors varied be- 
tween well, moderately, and poorly differentiated cancer 
(Table 1). Tumor  reduction following therapy was seen in 
five of  seven patients, however, no patient achieved a 

Table 4. Pulmonary function before and after T-cell therapy 

Patient Before therapy After therapy % Change 

B FEV, (L) 1.62(50) 1.43(40) - 12  
VC (L) 2.11 ( 5 1 )  1.84(45) -21 
TLC (L) 3.15(55) 2.99(53) - 5 
DLCO 12.80 (56) 10.40 (39) - 19 
(ml/min/mm HG) 
pO2 79 75 
A - a  14 27 

C FEV1 0.73 (24) 0.80 (26) + 10 
VC 0.92 (25) 1.04 (29) + 13 
pO2 72 63 
A - a  23 39 

E FEV1 1.36 (50) 1.10 (40) - 19 
VC 1.78 (53) 1.40 (42) - 21 
TLC 3.17 (62) 2.62 (51) - 17 

F FEVI 1.83 (72) 1.71 (60) - 17 
VC 2.16 (67) 1.86 (59) - 14 
TLC 4.41 (88) 3.71 (76) - 16 

Numbers in parentheses represent percent predicted for age, 
height, and weight. All blood gas determinations were obtained 
breathing room air. The A - a  gradient for oxygen was calculated 
by the following formula: FiO2 (760)-(47)-pCO2/0.8. Three 
patients were unable to complete testing because of inability to 
perform test maneuvers 

complete or partial ( >  50% reduction of  total measurable 
tumor) response. Two of  the seven patients (G and E) are 
alive at 3 and 9 months after treatment respectively. 

In our first patient (A), two intralesional injections of  
T-cells into a large (11 x 10 cm) left-sided chest wall tumor 
were followed within 72 h by progressive softening at the 
injected sites and a - 2 0 %  decrease in the size of  the tu- 
mor. No decrease in size was seen at sites within this tumor 
that had been injected directly with saline. No change was 
seen in the size of  the underlying lung tumor, which com- 
pletely filled the left hemithorax as judged by CT scan- 
ning. The patient died on the 5th day following the initia- 
tion of  therapy. Biopsy of  the subcutaneous tumor at limit- 
ed autopsy revealed tumor cells undergoing necrosis and a 
lymphocytic infiltrate (Fig. 7). y-Counting of  biopsied tu- 
mor, and tissues of  the contralateral chest wall that did not 
contain tumor, was performed 48 h after i.v. infusion of  ra- 
diolabeled T-cells. These counts showed that radioactivity 
was concentrated within the tumor at a ratio of  3.2/1 
above normal control tissue (1932 vs 601 cpm/g  wet 
weight of  tissue). This accumulation of  radiolabel within 
tumors was not detected by external imaging. 

B had an elevated, 7 x 5 cm, chest wall tumor that was 
contiguous with a metastatic lesion within an underlying 
rib. During the 2nd week of  therapy, the mass became ery- 
thematous, warm, and painful, and then progressively di- 
minished to less than 10% of its original size over the next 
week. During this time, the patient was afebrile and did 
not have an elevated white blood cell count. An opacified 
region in the left lower lobe on chest film, which was be- 
lieved to contain the primary tumor, was reduced after 
therapy. Tumor  progressed in bone, as judged by CT scan- 
ning, and he eventually succumbed to complications of  
pathological fractures, hypercalcemia, and renal failure. 

D achieved complete regression of  two (3 x 2 cm and 
2 x 2 cm) rapidly enlarging, subcutaneous tumor nodules 
during therapy but no change in the size of  several large 
liver metastases as judged by 99technetium colloid liver- 
spleen imaging. He received monthly infusions of  T-cells 
with stabilization of  his tumor for 4 months, but then de- 
veloped rapidly progressive disease in lymph nodes and 
lung. 

G had a dramatic decrease in the radiographic appear- 
ance of  a right mid lung metastatic pulmonary nodule 
(Fig. 8), and an apparent decrease in the size of  a sternal 
lesion as judged by bone scanning. Her tumor progressed 
in other bones, brain, and breast 1 month following treat- 
ment. A breast biopsy showed infiltrating mucinous 
adenocarcinoma that was histologically consistent with her 
original tumor. The breast tumor was estrogen receptor ne- 
gative. It was unclear from the histology whether the breast 
tumor represented the primary or a metastatic site. 

The size of  a large right upper lobe primary that had 
been irradiated 2 months prior to starting therapy continu- 
ed to decrease after immunotherapy in patient E. Her tu- 
mor status was stable for 5 months, however, she then de- 
veloped synchronous brain and bone metastases. These 
have been treated with local irradiation. 

C had extensive boney and intrapulmonary metastatic 
disease. Her immunotherapy was complicated by a patho- 
logical hip fracture that occurred in hospital just prior to 
starting treatment. Her disease continued to progress in 
several boney sites during immunotherapy and she died 
from complications of  her widespread disease. 
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Fig. 7. Biopsy of patient tumor following intralesional and i.v. infusions of tumor-derived T cells 
Patient A received intralesional injections of T-cells into a large subcutaneous chest wall mass as well as several i.v. infusions of T-cells. 
His tumor decreased in size, and was biopsied 5 days after the first injection. The histology of the biopsy shows poorly differentiated 
tumor infiltrated by lymphocytes (black arrows). Multiple foci of tumor cell necrosis (white arrow) were present within the biopsy. In- 
creased numbers of radioactive counts were detected in this biopsy after the infusion of radiolabeled cells. Hematoxylin and eosin. Mag- 
nification x 400 

F died from a rapidly  progressing,  id iopathic  pneumo-  
nia that began in the portal  of  previous pu lmonary  i r radia-  
t ion completed 8 months pr ior  to her death,  and 3 weeks 
after her course of  immunothe rapy  had ended. An open 
lung biopsy showed nonspecif ic  changes including the 
presence of  interstit ial and  int raalveolar  fibrin and fibro- 
sis, consistent with the prol iferat ive stage of  diffuse alveo- 
lar damage.  Bacterial,  viral,  and mycoplasma  cultures 

fai led to reveal an infectious agent. Tumor  cells were not  
present  within the lung biopsy.  A small per icardial  effu- 
sion that had been noted pr ior  to beginning immunother-  
apy was sampled and found to contain adenocarc inoma 
cells. 

No consistent changes in CBC, serum enzymes, ESR, 
or carc inoembryonic  levels were seen following therapy in 
these patients. 

Fig. 8. Tumor response in patient G fol- 
lowing infusions of tumor-derived IL- 
2-dependent T-cells 
Posterior-anterior X-ray views of the 
chest in a patient with metastatic lung 
cancer shows the presence of a right api- 
cal abnormality and a right mid-lung no- 
dule prior to the initiation of immuno- 
therapy (left). After completion of im- 
munotherapy, the mid-lung nodule was 
greatly diminished in size. Tumor pro- 
gressed, however, at other sites 
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Discussion 
We have previously reported that immunocompetent T- 
lymphocytes can be isolated and propagated directly from 
cancer tissues by culturing tumor explants in the presence 
of IL-2. In the present study, we have shown that autolo- 
gous, long-term cultured T-cells can be safely transferred 
into cancer patients, and may mediate the reduction of 
advanced tumors. The adoptive transfer of autologous T- 
lymphocytes alone, however, did not produce clinically 
significant responses (>50% reduction in total disease) in 
any patient. It is possible that combination of T-cells and 
systemic IL-2 may prove to be more effective in this regard 
[39]. 

The long-term cultured lymphoid cells administered in 
these studies were T-cells as judged by their expression of 
CD3, CD4, or CD8 antigens on the cell surface. Long-term 
IL-2-dependent cultures from tumor and peripheral blood 
showed much smaller numbers of HNK-1 + and CD16 + 
cells, which are associated with the presence of large gran- 
ular lymphocytes and NK cell activity [26]. T-cells isolated 
from the tumor explants expressed IL-2 receptors, class II 
MHC antigens, and proliferated in the presence of exoge- 
nous IL-2. These findings indicate that these lymphoid 
cells represent the expanded progeny of T-cells which had 
been activated in vivo, possibly in response to autologous 
tumor-associated antigens. This is supported by the find- 
ing that T-cells cultured from tumors in IL-2 were specif- 
ically enriched for cytotoxic specificities against autolo- 
gous tumors in one of two cases examined. Vanky et al. 
have suggested that the presence of autologous tumor- 
reactive lymphocytes in situ may have positive prognostic 
implications [44]. 

In contrast to the dominance of CD8 ÷ cells that we 
had previously observed in lung cancer-derived T-cells 
[24], five of the present seven cases displayed larger num- 
bers of CD4 + cells in culture. In our earlier report, tumor 
was obtained by lobectomy and malignant tissue was har- 
vested directly from the resected specimen and cultured in 
IL-2. It is possible that tissues sampled via bronchoscopy, 
or from sites of metastatic tumor, may preferentially yield 
growth of CD4 + cells. Most of the patients in the current 
series had larger cumulative tumor burdens than the sub- 
jects in our earlier report. It remains to be determined 
whether factors such as tumor burden and duration of dis- 
ease can influence the phenotype of activated T-cells with- 
in tumors. Examination of larger numbers of cancer speci- 
mens will be required to answer this question. 

The lymphoid cells that were infused contained few, if 
any, contaminating monocytes, B-cells or null cells as 
judged by flow cytometric surface phenotype analysis of 
the cells. The absence of contaminating monocytes, which 
are a source of interleukin-1, from the infusions, may ex- 
plain our failure to observe fever in this series of patients. 
Fever was encountered in all patients that received infu- 
sions of lectin-activated peripheral blood mononuclear 
cells in another adoptive therapy trial of cancer [32]. 

Radiolabeled T-cells were demonstrated to distribute 
primarily to lung, liver, and spleen. Most radiolabeled 
cells were present in the lungs within 4h  of infusion. 
Thereafter, radioactivity in the lungs decreased, but simul- 
taneously increased in liver and spleen. These results are 
in agreement with studies by Lotze et al. who examined the 
distribution of radiolalabeled long-term cultured T-cells 
[28] but contrast with reports of adoptive transfer of PHA- 

activated (PAK) lymphocytes in patients with cancer [32]. 
In the latter study, it was noted that little activity was pres- 
ent within the lungs at 24 h after i.v. infusion of !abeled 
cells, with virtually all of the activity present in liver and 
spleen. Intrapulmonary activity was noted to increase pro- 
gressively for patients, after they had received multiple, 
nonlabeled, PAK cell infusions. 

The factors which determine the characteristic distribu- 
tion of long-term cultured T-cells are not known. The early 
distribution of radiolabeled T-cells primarily in lungs, with 
lesser amounts in liver and spleen does not correspond di- 
rectly to the distribution of blood flow, nor to the distribu- 
tion of other radiolabeled leukocytes [33]. The number of 
transferred radiolabeled cells in the circulation is marked- 
ly reduced by as early as 5 rain after infusion, indicating 
that most of the T-cells are sequestered in tissues after the 
first passes through the circulation. It is unlikely that T- 
cells are selectively removed from the circulation as a re- 
sult of membrane injury that might occur as a result of ra- 
diolabeling. T-cells remain viable after labeling and conti- 
nue to exclude trypan blue and proliferate in response to 
IL-2 (data not shown). 

Activated T-cell blasts express a sequence of antigens 
that are not observed on resting T-lymphocytes. These in- 
clude the c-myc antigen [20], IL-2 receptors [15], transfer- 
rin receptors [43], and class II MHC antigens [10]. Activat- 
ed T-cells fail to display the MEL-14 glycoprotein [13], or 
its human analogue the Hermes-1 antigen [19[. Loss of the 
MEL-14 antigen in the mouse, or Hermes-1 in man, is as- 
sociated with diminished binding by T-cells to high endo- 
thelial venules and failure to achieve hematolymphatic cir- 
culation. Diminished circulation of long-term cultured T- 
cells has been suggested to be a potential obstacle to the 
therapeutic success of adoptive transfers in metastatic can- 
cers [8]. We observed that the intrapulmonary distribution 
of radiolabeled cells to sites of tumor may be specifically 
diminished. In the lung, localized hypoxic pulmonary va- 
soconstriction could help to account for decreased perfu- 
sion to the tumor. Neoplasms in the lung are nourished by 
the systemic rather than the pulmonary circulation, a fact 
that could interfere with the distribution of large numbers 
of i.v. transfered T-cells to tumor. The observation that 
liver metastases may also receive diminished numbers of 
infused lymphocytes raises questions as to whether the 
abnormal vascular microenvironment of tumors may also 
limit migration of T-cells. 

The presence of transferred long-term cultured lym- 
phocytes in a variety of organs has been reported by Chee- 
ver et al. [7]. They detected cultured cells in lymph nodes 
and peritoneal exudates of mice as late as 120 days after 
adoptive transfer. Some of these cells displayed specific 
immunological memory for tumor antigens in vitro. Che- 
ever et al. [61 and Eberlein et al. [9] have shown that long- 
term cultured lymphocytes are effective at reducing the 
size of tumors present at a distance from the sites of inocu- 
lation. Thus, failure of large numbers of cultured T-cells to 
migrate to sites of tumor does not mean that adoptive ther- 
apy will be ineffective. Indeed, it is noteworthy that we 
were unable to correlate the localization of radiolabeled 
lymphocytes on scans with sites of tumor reduction. This 
finding favors a mechanism of tumor reduction in vivo by 
which antitumor effector cells in the host are recruited by 
smaller numbers of transfered T-lymphocytes. 

The presence of increased numbers of T-lymphocytes 
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within the BAL fluid after infusion indicates that the in- 
fused T-ceils can exit through the pulmonary microvascu- 
lature. Lung biopsies showed lymphocytic infiltrates and 
alveolar septal injury as judged by the presence of episep- 
tal and intraalveolar fibrin. These findings were accom- 
panied in all cases by a modest decrease in pulmonary 
function, as reflected by diminished lung volume, diffus- 
ing capacity for carbon monoxide, and arterial pO 2. Mi- 
crovascular injury, extravascular fluid accumulation, and 
respiratory distress have been regularly observed after in- 
fusions of high doses of IL-2 in the absence of transfered 
T-cells [29]. It is uncertain as to whether a toxic effect of 

exogenous IL-2 alone, or a secondary effect of cells acti- 
vated by IL-2 in vivo, produces microvascular injury and 
subsequent increase in vascular permeability. Based on 
our preliminary observations it appears that activated T- 
lymphoblasts alone may be capable of mediating micro- 
vascular injury directly. The mechanism of T-cell mediated 
vascular injury is unknown. 

A variety of lymphoid populations have been reported 
to lyse tumor in vitro. Human T-lymphocytes, as judged 
by their expression of the CD3 antigen and genomic rear- 
rangement of DNA encoding the antigen receptor, appear 
to be capable of mediating antitumor effects via two dis- 
tinct mechanisms. Classical cytotoxic T-cells recognize tu- 
mor-antigen restricted by class I or class II HLA antigens 
that are expressed on the surface of some tumor cells [2, 
36]. T-cells cultured in IL-2, however, can be activated to 
lyse tumors via mechanisms that are not MHC-restricted. 
T-cells activated by IL-2 kill a wide panel of fresh and 
long-term cultured syngeneic and allogeneic tumor targets 
[16]. The distinct increase in non-MHC restricted aggres- 
sion by lymphocytes following activation in IL-2 has not 
yet been explained. Finally, a subset of granular CD3-  
lymphocytes that do not exhibit rearrangements of the 
genes encoding for the T-cell receptor can lyse certain tu- 
mor targets in a non-MHC restricted manner. Clones of 
these so-called "NK" cells also proliferate in IL-2 [1] and 
display augmented nonspecific tumor killing in response 
to y-interferon [46]. 

The phenotype and mechanism of tumor cell recogni- 
tion by the lymphoid cells which mediate the phenomena 
of lymphokine-activated killing (LAK) remains to be fully 
defined. LAK cells have been reported to derive from 
CD3-  CD2 precursors that are CD16 + and C D l l -  [17] 
indicating that they may not be of thymic lineage. Follow- 
ing stimulation by IL-2, LAK cells may remain CD3-,  al- 
though reports concerning the surface phenotype of the 
LAK effector cell have varied [37]. We and others [24, 25] 
have shown that allogeneic killing of NK-resistant tumor 
targets, as well as killing of NK targets, can be mediated 
by populations of IL-2-activated CD3 + CD2 + lympho- 
cytes. This indicates that cytotoxic activities may be widely 
shared by phenotypically diverse lymphoid cells. 

The mechanism of tumor reduction following adoptive 
transfer of T-cell blasts in vivo is uncertain. Enhanced skin 
test responses to protein antigens following adoptive im- 
munotherapy appear to reflect systemic augmentation of 
delayed-type hypersensitivity responses. The principal 
mode of tumor reduction after adoptive transfers of lym- 
phocytes may be via enhanced delayed-type immune re- 
sponses, rather than direct cytotoxic activities of the trans- 
ferred cells [25]. Murine studies have demonstrated a re- 
quirement for the presence of a Lytl +2- population in the 

reduction of tumor in vivo [11]. If noncytotoxic, CD4 + 
cells are needed to mediate tumor reduction in the human, 
this may reflect requirements for T-cell help in immuno- 
globulin production, amplification of cytotoxic lympho- 
cyte responses, or initiation of delayed-type hypersensitivi- 
ty responses. In each of these instances, interaction with 
other competent effector cells of the host is required. The 
immunosuppressive effects of combination chemotherap- 
ies, or steroids, would be expected to adversely influence 
antitumor responses to adoptive immunotherapy. A poten- 
tial role may exist, however, for combining adoptive im- 
munotherapy with selective chemotherapeutic or biologi- 
cal response modifiers [5]. 

We conclude that long-term cultured T-cells can effect 
systemic immunomodulation and mediate tumor reduc- 
tion in vivo. Sensitized, tumor-derived T-cells may prove 
more effective than peripheral blood lymphocytes at 
reducing tumor in vivo in humans as they have in certain 
murine systems [41]. Although no clinical responses were 
achieved in this trial, it is possible that the combination of 
systemic IL-2 with tumor-derived T-cell infusions may 
promote further increases in antitumor responses in vivo. 
Based on these hypotheses, we have initiated a trial of tu- 
mor-derived T-cells and systemic IL-2 in patients with 
non-small cell cancers of the lung. 
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