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A B S T R A C T  

Interleukin 2 (IL2) was injected peritumorally and intranodally in 36 
patients with unresectable squamous cell carcinoma of the head and neck 
enrolled in an Eastern Cooperative Oncology Group-sponsored phase Ib 
trial (EST P-Z388). Groups of 6 patients received escalating doses(200, 
2 x liP, 2 • 104, 2 • 105, 2 • 106, and 4 • 106 units) of IL2 daily 5 
times/week for 2 weeks. Tumor biopsies were obtained before and after 
IL2 therapy. Tumor tissue was provided for histology, and the remaining 
fresh tissue was divided for snap-freezing in -75~ and for separation of 
tumor-infiltrating lymphocytes (TIL) and tumor cells. Immunophenotyp. 
ing of TIL performed on cryostat sections of paired pre- and post-IL2 
biopsy tissues showed increases after IL2 therapy in the number of T-cells 
(P = 0.005), natural killer (NK; CD16 § cells (P = 0.0001), CD25 § cells 
(P = 0.004), and HLA-DR + cells (P = 0.001) accumulating in the tumor 
stroma. In the tumor parenchyma, NK cells (P = 0.0001) and HLA-DR § 
cells (P = 0.003) were increased after IL2 therapy. The T:NK cell ratios in 
the tumor stroma and parenchyma were decreased after therapy, suggest- 
ing selective accumulation of NK cells. By flow cytometry, TIL recovered 
from post-IL2 biopsy tissues were enriched (P < 0.05) in CD3-CD56 § 
(NK) cells. In s i tu hybridization with [3ss] cDNA probes for cytokines and 
IL2 receptors indicated that the numbers of cells expressing mRNA for 
IL2, tumor necrosis factor a, IL l - t ,  v-interferon, transforming growth 
factor 1~, and IL2 receptor p55 or p70 were increased in post-IL2 biopsy 
tissues as compared to pre-IL2 tissues. Cytolytic activity of TIL isolated 
from post-IL2 tissues was also increased, as determined in 4-h S~Cr release 
assays against K562 targets (12 +_ 3 mean iytic units/107 cells _+ SEM 
pre-IL2 ver sus  46 -+ 13 post-IL2; n - 16) and against autologous tumor 
(13 _+ 8 versus  68 _+ 26; n -- 9). Fresh TIL of one clinical responder showed 
relatively high levels (195 lytic units) of autotumor cytotoxicity after IL2 
therapy ver sus  no activity prior to therapy. In the blood, NK and lym- 
phokine-activated killer cell activity, and percentages of CD3-CD56 § NK 
cells and of activated (CD25 § T-lymphocytes were increased for all 
doses of IL2. A significant dose-response effect was observed for the 
percentage of CD3-CD56 § NK cells and lymphokine activated killer cell 
cytotoxicity against autologous tumor, with the highest values observed at 
the two highest doses of IL2. Our data indicate that local as well as 
systemic activation of antitumor effector cells occurred during local ad- 
ministration of IL2 in patients with squamous cell carcinoma of the head 
and neck. 
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I N T R O D U C T I O N  

IL24 therapy has been used in a number of clinical trials in patients 

with advanced malignancies (1-4). In the vast majority of these trials, 
IL2 has been delivered systemically as either a bolus injection (5) or 
24-h continuous infusion (6). Relatively few trials have evaluated 

locoregional delivery of IL2 (7-9), although both clinical and experi- 
mental studies indicate that locally injected IL2 can modulate host 
immunoreactivity and mediate antitumor effects (10, 11). SCCHN 
represent a logical choice for locoregional IL2 therapy because they 
tend to grow and recur locally, are generally well infiltrated by MNC, 
are surrounded by extensive lymph node network, and are well vas- 
cularized and accessible to local delivery of therapeutic agents. Pa- 
tients with SCCHN, especially those with inoperable disease, often 
have cellular immune defects (12, 13), and IL2-mediated up-regula- 
tion of local antitumor responses might be expected to be beneficial in 
such individuals. Additionally, the majority of patients with advanced 
disease fail to respond to surgery and/or radiotherapy, and chemo- 
therapy has not been shown to have a significant impact on overall 
survival (14). Novel therapeutic approaches, including locoregional 
administration of cytokines, offer an opportunity for improving sur- 
vival in this group of patients, and their effectiveness deserves to be 

evaluated in clinical trials. 
Local administration of low doses of natural IL2 was reported to 

result in a complete or partial response in 30% and a minimal response 

in 40% of 20 patients with recurrent SCCHN (15, 16). In a pilot study 
of four patients with primary SCCHN who received preoperative local 
therapy with IL2, a decrease or disappearance of neoplastic lesions 

was documented clinically and histologically (17). More recently in a 
new series of clinical trials with recombinant IL2, these early prom- 

ising results have not been reproduced (18). However, neither the 
optimal IL2 dose nor the exact protocol for its optimal perilesional 
administration has been determined, and differences in these param- 
eters as well as the clinical status of the patients treated have limited 

the assessment of the value of this form of biological therapy. 
A Phase Ib clinical trial of the effects of peritumoral and intranodal 

injections of IL2 in patients with advanced SCCHN has been spon- 
sored by the Eastern Cooperative Oncology Group (19) and this 
provided us with an opportunity to monitor both local and systemic 
immune responses of patients treated with escalating doses of rlL2. 
We present here results of this study, which provided evidence for 
local activation of TIL in post-IL2 tissues and also for systemic 
activation of immune effector cells after local therapy with rlL2. Our 

4 The abbreviations used are: IL2, interleukin 2; rlL2, recombinant IL2; IL2R, inter- 
leukin 2 receptor; TIL, tumor-infiltrating lymphocytes; AuTu, autologous tumor; SCCHN, 
squamous cell carcinoma of the head and neck; MNC, mononuclear cell; LU, lytic units; 
PBS, phosphate-buffered saline; MAbs, monoclonal antibodies; HPF, high power field; 
DEP, diethyl pyrocarbonate; SSC, saline-sodium citrate buffer (1 • = 0.15 M NaC1/0.015 
M sodium citrate); cDNA, complementary DNA; ELISA, enzyme-linked immunosorbent 
assay; NK, natural killer; LAK, lymphokine-activated killer. 
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data are consistent with the hypothesis  that even in patients with 

advanced,  inoperable SCCHN, locoregional  delivery of  rlL2 has the 

ability to induce accumulat ion,  activation, and up-regulation of  effec- 

tor function of  immune  cells at the tumor site and also to systemical ly 

activate effector  cells. 

M A T E R I A L S  A N D  METHODS 

Patient Population and Treatment Schema. Thirty-six patients with his- 
toJogicaUy confirmed, measurable, advanced and inoperable locoregional SC- 
CHN were entered into the parent protocol (19). Criteria for inoperability 
included: neck nodes >6 cm (N3); tumor fixed to skull base, carotid artery, 
paraspinal muscles, or vertebrae; medical condition precluding surgery; and 
refusal of surgery. Patients were considered ineligible if they received prior 
radiation therapy or chemotherapy or had a prior neck dissection with removal 
of cervical lymph nodes. At the time of treatment, all patients had stage IV 
disease. Almost all of the patients had T4 or N3 stage disease, making them 
inoperable. Primary tumor sites included the base of the tongue (n = 5), tonsil 
(n = 8), floor of the mouth (n = 3), nasopharynx (n = 3), larynx (n = 4), 
hypopharynx (n = 4), maxilla (n = 1), and unknown (n = 8). Many patients 
with advanced tumors of the oropharynx or hypopharynx had direct extension 
of tumor into the neck with continuity of primary and metastatic disease. 

The protocol schema and details of therapy with rlL2 (produced by Cetus- 
Chiron Corporation, Emeryville, CA, and provided for this trial by the National 
Cancer Institute) are described in a separate article (19). Briefly, groups of 6 
patients received IL2 daily 5 times/week for 2 weeks. The daily IL2 dose was 
injected perilesionally in four divided doses of 0.25 ml each in each of four 
quadrants. Most patients received perilesional injections around a fixed cervi- 
cal mass, representing direct extension of the neoplasm from the primary site 
or cervical metastasis. In several patients, the primary tumor site could be 
injected perilesionally (i.e., floor of the mouth tumors). The remaining 0.5 ml 
was injected bilaterally in 0.25-ml doses into the superior jugular lymph node 
chain -1 .5  cm below the insertion of the sternocleidomastoid muscle on the 
mastoid tip to a depth of 1.5 cm. Tumor biopsies were obtained prior to the 
initiation of daily IL2 injections at the end of therapy (day 11) and, in some 
cases, again on day 29 after therapy was completed. 

Biopsies were obtained from the largest volume of tumor which made the 
patient inoperable. In most cases, extensive neck disease was biopsied. The 
same incision was used for subsequent biopsies to avoid any sampling errors. 
In a few patients with accessible oral cavity lesions, perilesional IL2 admin- 
istration and biopsies were obtained from the oral cavity lesion. We acknowl- 
edge that some changes in the inflammatory response in tissue may have 
occurred as a result of the biopsies. It was not considered ethical, however, to 
use a control population requiring multiple serial biopsies. 

Peripheral blood was collected into heparinized tubes at baseline (days -5, 
-3, and 1) prior to therapy and then again on day 15 after IL2 therapy was 
completed. 

Isolation of Peripheral Blood MNCs. MNCs were isolated from heparin- 
ized venous blood by Ficoll-Hypaque centrifugation. Cells collected from the 
gradient interface were washed twice in RPMI 1640 medium (GIBCO, Grand 
Island, NY) supplemented with 2 mM L-glutamine and antibiotics; the MNCs 
were counted and and checked for viability in trypan blue. 

Tumor Tissues and Recovery of TIL. Freshly excised tumor tissues, 
which varied in size from 0.1 to 4 g, wet weight, were placed in sterile tissue 
culture medium containing antibiotics and hand-delivered to the laboratory. 
Tumor tissues were processed as described by us earlier (20). Briefly, a piece 
of tissue (2 x 2 mm 3) was designated for immunohistology, whenever the 
tumor biopsy size permitted, and was snap-frozen and later embedded in 
ornithine carbamyl transferase medium (Miles Laboratories, Naperville, IL). 
The rest of the tissue was minced with scalpels into pieces smaller than 1 mm 3. 
The pieces were subjected to enzymatic digestion which involved 1 to 2 h 
incubation at 37~ of the tumor tissue with a mixture of collagenase (2 mg/ml; 
Cooper Biochemicals, Malvern, PA) and DNase (100/xg/ml; Sigma Chemical 
Co., St. Louis, MO) in tissue culture medium containing antibiotics and 5% 
(v/v) human AB serum (NABI, Miami, FL). Following enzymatic digestion, 
suspensions containing tumor cells, tissue cells, and TIL were centrifuged on 
differential Ficoll-Hypaque gradients as described by us previously (20). TIL 
as well as AuTu cells were recovered from the gradient and checked for 

viability in trypan blue. The recovered TIL were immediately used in cyto- 
toxicity assays, and tumor cells, which were generally >80% viable, were 
labeled with sodium [51Cr]chromate to serve as targets in cytotoxicity assays. 

Cytotoxicity Assays. Fresh SCCHN or cultured tumor cell targets (i.e., 
K562, Daudi, or an allogeneic SCCHN cell line PCI-1) were labeled with 
100-250 ~1 of 51Cr-labeled sodium chromate (specific activity, 5 mCi/ml; 
NEN, Boston, MA) for 1 to 2 h at 37~ Cells were then washed four times in 
TCM, resuspended in fresh medium, counted, and aliquoted at 1 x 103 targets/ 
well in 96-well V-bottomed plates into which the effector cells had been 
previously aliquoted at predetermined concentrations. The effector:target cell 
ratios ranged from 50:1 to 6:1. Plates were centrifuged at 65 x g for 5 min and 
incubated at 37~ for 4 h, after which 100/xl of supernatant were harvested and 
transferred to scintillation vials. All determinations were done in triplicate. 
Radioactivity was counted in a beta counter and the percentage of specific lysis 

was determined as 

% of cytotoxicity 

Experimental mean cpm - spontaneous release mean cpm 
= x 100 

Maximal mean cpm - spontaneous release mean cpm 

Results were expressed in LU calculated as described previously (21). One LU 
was defined as the number of lymphocytes required for 20% lysis of 5 x 103 
target cells, and the number of LUs present in 107 effector cells was calculated. 

Flow Cytometry. TIL or peripheral blood lymphocytes were adjusted to 
the concentration of 2 • 106/ml and incubated with different combinations of 
fluorescein- and phycoerythrin-labeled mAbs for 30 min at 4~ Following 
staining, cells were washed twice with PBS plus 0.1% sodium azide buffer and 
resuspended at a concentration of 5 • 105 cells/ml for two-color flow cytom- 
etry on FACScan (Becton Dickinson, San Jose, CA). Results were expressed as 
the percentage of gated cells positive for each of the mAbs used (see below). 
The anti-CD45 and anti-CD14 mAbs were used to set the gate on lymphocytes. 
IgG1 and IgG2 isotype controls and normal saline controls were included in all 

experiments. 
Cytokine Production Assays. To measure the ability of patients' MNC to 

secrete cytokines, these cells (1 x 106/ml) were incubated in medium alone to 
measure spontaneous release or in the presence of phytohemagglutinin antigen 
(20 ~g/ml) or lipopolysaccharide (10/~g/ml) for 48 h at 37~ The superna- 
tants of these cultures were harvested and stored frozen at -80~ until they 
were tested by immunoassays as described by us earlier (22). Paired pre- and 
post-IL2 treatment samples were always tested in the same assays. The super- 
natant levels of ~/-interferon were measured by radioimmunoassay (Centocor, 
Inc., Malvern, PA); of ILl-/3 by ELISA (Cistron Biotechnology, Pine Brook, 
N J); and of tumor necrosis factor ct by ELISA established in our laboratory and 
described previously (22). The WHO cytokine standards were used for cali- 
bration of all assays, and an internal laboratory standard was used to determine 
interassay variability (CV = 7-20% for various ELISA assays; combined 

n = 270). 
Immunohistology. Cryostat sections of tumor tissues were cut in an Ames 

cryostat (5-/zm thick), fixed in cold acetone for 10 min, and air-dried overnight. 
Following air-drying, the sections were stained with mAbs by an indirect 
immunoperoxidase method used in this laboratory and described earlier (23). 
Slides were examined in a light microscope, and the number of stained cells per 
HPF (x400) was determined using an ocular grid. Five HPFs were randomly 
selected on each slide, and stained MNC within the grid were counted. To 
avoid bias, two different investigators independently counted the number of 
positive cells, and their results were averaged to determine the final number of 
positive cells per 1 HPE 

Monoclonal Antibodies. All fluorescein- or phycoerythrin-labeled mAbs 
for two-color flow cytometry were purchased from Becton Dickinson and 
included anti-CD3, anti-CD56, anti-CD4, anti-CD8, anti-CD16, anti-CD25, 
anti-CD20, anti-CD14, anti-CD45, and isotype control mAbs. All mAbs were 
pretitered on normal human MNC to determine their optimal dilutions. Unla- 
beled mAbs used for immunohistology were purchased from Dako (Carpinte- 
ria, CA) and included anti-CD3, anti-CD4, anti-CD8, anti-CD16, anti-HLA- 
class I, and anti-HLA-DR. 

Itistopathology. A portion of each surgical specimen was fixed in 10% 
formaldehyde, embedded in paraffin, sectioned, and stained with hematoxylin 
and eosin. All hematoxylin and eosin slides were evaluated blindly in two 
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sessions by the same pathologist (L. B.). In at least 10 cases, the same slides 

were reexamined and the results of both examinations were identical. Certain 

histological parameters, such as degree of tumor differentiation (well, moder- 

ately, or poorly differentiated); necrosis; infiltration by lymphocytes, granulo- 
cytes, or eosinophils; and tumor vascularity were evaluated with a semiquan- 
titative method using scores which ranged from 0 to 4+.  For example, tumor 
necrosis was graded: 0, absent necrosis; 1+, 25% or less necrosis; 2+, 25- 
50% necrosis; 3+,  50--75% necrosis; and 4+,  >75% necrosis. MNC infiltra- 
tions in the tumor were graded as acute (granulocytic), chronic (lymphocytic), 
or mixed, and the degree of infiltration was graded: 0, absence of infiltration; 
+ / - ,  very sparse infiltration; 1+, diffusely scattered cells; 2+,  small aggre- 
gates of cells; 3+,  intense wide-spread infiltration; 4+,  very intense infiltra- 
tion. 

I n  Situ Hybridization. Tumor tissue sections were mounted on prebaked 
slides, air-dried, fixed with 4% (w/v) paraformaldehyde (Sigma) in PBS for 10 
min and washed with 70% (v/v) ethanol in DEP-treated H20. All reagents for 
in situ hybridization were prepared in DEP-treated H20. Next, the sections 
were rehydrated in PBS and 50 mM magnesium chloride for 15 min and then 
washed in 200 mM Tris-HCl-glycine buffer (pH 7.4) for 15 min. The specimens 
were next acetylated with 0.25% acetic anhydride (Sigma) in 0.1 ra triethanol- 
amine and 2 X SSC buffer for 15 rain. Finally, the slides were washed in 2 x 
SCC buffer for 10 min before the prehybridization step. Control slides treated 
as above were incubated with a solution containing 100 /zg/ml DNase-free 
RNase A and 10 Units/ml RNase T1. 

Human eDNA probes were isolated from plasmids with the respective 
restriction enzymes as described earlier (24). The pUC-9 plasmid eDNA was 
cut with Pstl  restriction enzyme to obtain fragments of 2700 base pairs for use 
as a negative control. The eDNA fragments prepared in our laboratory were 
labeled with [35S]dATP (NEN-DuPont, Boston, MA) using a kit for random 
hexanucleotide priming (Promega Corp., Madison, WI) according to the 
method described by Feinberg and Vogelstein (25). The specific activity of the 
probes used for in situ hybridization was at least 1 • 108 cpm//xg of labeled 
fragment. As positive controls, a eDNA probe for 18S rRNA was routinely 
included in all experiments (26). 

After rehydration of the tissue as described above, tissue sections or cyto- 
logical specimens were prepared for hybridization by flooding them with 50% 
formamide (BRL, Bethesda, MD) in 2 • SCC buffer and warming up to 70~ 
The hybridization mixture contained 10% dextran sulfate, 2 • SCC, 500/xg of 
tRNA/ml, 0.2 mg of bovine serum albumin/ml, and 10 mM of dithiothreitol in 
DEP-treated H20. Equal volumes of the radiolabeled probe resuspended in 
100% formamide and denaturated by boiling for 10 rain and of hybridization 
mixture were placed onto the specimens, covered with parafilm, and sealed 
with rubber cement. The specimens were hybridized overnight in a humidified 
chamber at 45~ After hybridization, the specimens were extensively washed 
in 50% formamide in 2 • SCC for 30 min at 42~ then in 50% formamide in 
1 • SCC, and finally with 1 • SCC. The dehydrated slides were dipped in 1:1 
mixture of 0.6 M ammonium acetate-NTB-2 Kodak autoradiographic emulsion 
melted at 42~ and exposed in black boxes for 1 week to 10 days. The slides 
were then developed in Kodak D19 developer for 5 min, rinsed in water for 1 
min, and treated with Kodak Fixer A for 5 min. The specimens were finally 
counterstained with hematoxylin, mounted in Permount, and evaluated in a 
Leitz microscope. MNC positive for mRNA expression were counted in 5 
representative fields (• and the results were expressed as the number of 
positive cells per 1 HPF as described earlier (26). 

Statistical Analysis. In assays on peripheral blood specimens, pretreatment 
baseline levels were established by computing medians of (typically) three 
pretreatment determinations. Tests for differences in posttreatment levels rela- 
tive to the pretreatment baseline were carried out nonparametrically using the 
Wilcoxon signed rank test. Investigation of a dose response was based on the 
assumption that if the immunological impact of treatment was dose dependent, 
tlaen the form of the dose-response curve was not necessarily increasing or 
decreasing but was unimodal. Such dose-response curves are sometimes re- 
ferred to as "umbrella" curves because they look like umbrellas or inverted 
umbrellas. This family of curves includes increasing or decreasing dose-re- 
sponse curves as special cases. Formal tests for dose response against umbrella 
alternatives were based on the nonparametric Mack-Wolfe test (27), which is 
a generalization of the more familiar Jonckheere test. Prior to analysis, several 

end points were transformed by either logarithmic or square root transforma- 
tions to symmetrize distributions and to remove dependencies between level 

and variability. 

R E S U L T S  

Histopathology of Tumor Tissues before and after IL2 Therapy. 
Histological findings obtained for 28 paired biopsies stained with 

H & E  are summar ized  in Table 1. The most f requent  sites o f  tumor  

which  were  biopsied and examined  included the tonsil and the base of  

the tongue (12 of  28). A m o n g  the tumors studied, 7 were  poorly 

differentiated, 15 were  modera te ly  differentiated, and 6 were  well  

differentiated. Increases in the degree  of  cellular infiltration into the 

tumor  were  observed in 15 of  28 (54%) biopsies examined.  In 13 other 

cases, infiltrates did not appear to be increased fol lowing therapy with 

IL2 and, in fact, they were  decreased in 5 of  28 (18%) specimens.  In 

13 of  28 (46%) biopsies, chronic infiltrates composed  of  MNCs and 

frequently containing a mixture of  lymphocytes  and plasma cells were  

observed before and after therapy. Mixed infiltrates o f  granulocytes  

and MNCs  were  present  in 9 of  28 biopsies, and in 4 biopsies a shift 

f rom mixed to chronic infiltrates was noticed after therapy. Therapy-  

induced changes in the degree o f  tumor necrosis were  observed in 10 

cases; these included increased necrosis  after therapy in 7 cases and 

decreased necrosis in 3 biopsies. Therapy  with IL2 did not seem to 

induce eosinophilia in most  tumor tissues studied, although in four 

cases, increases in numbers  o f  eosinophils were  observed in post- lL2 

therapy tissue, while  few eosinophils were  present  in tumor tissue 

before therapy. In general,  eosinophils were  not prominent  in tumor  

tissues examined  either before or after IL2 therapy. Most of  the tumors 

studied were  well  vascularized, and we observed increased vasculari ty 

in one case and decreased vasculari ty in one other case after IL2 

Table t Histological changes in paired pre- atut post-therapy tumor tissues obtained 
from patients treated with peritumoral IL2 a 

Degree of infiltration b 
Increased 15 
Decreased 5 
No change 8 

Type of infiltrate c 
Acute 2 
Chronic 13 
Chronic--,mixed 2 
Mixed 7 
Mixed--, chronic 4 

Eosinophilia a 
Increased 4 
Decreased 5 
No change 19 

Tumor necrosis e 
Increased 7 
Decreased 3 
No change 18 

Tumor vascularity 
Increased 1 
Decreased 1 
No change 26 

'~ Histopathological evaluations were done on 28 paired biopsy specimens as described 
in "Materials and Methods." In eight cases, both pre- and posttherapy biopsies were not 
available. 

b The degree of infiltration was graded on a scale of 0 to 4+ as described in "Materials 
and Methods." 

c In most cases, the type of cellular infiltrate was not changed. The pre- to post-IL2 
changes from chronic to mixed or from mixed to chronic infiltrates were observed in only 
six tumor biopsies, as indicated. 

a The degree of eosinophilia in the tumor was graded on a scale of 0 to 4+ as described 
in "Materials and Methods." A dramatic increase in eosinophils (from 0 to 4+) as a result 
of IL2 therapy occurred in only one tumor. 

e The observed increases in tumor necrosis were graded on a scale of 0 to 4+, as 
described in "Materials and Methods." 
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therapy. None of the histopathological changes observed appeared to 
be related to the dose of IL2 administered. Also, no consistent differ- 
ences in histopathological features between tumor biopsies obtained 
from different sites were observed. 

In  Situ Analysis of MNC in Tumor Tissues. One of the aims of 
this study was to determine whether accumulation and in situ activa- 
tion of antitumor effector cells occurs following local administration 
of rIL2 in patients with inoperable SCCHN. Paired pre- and post- 
therapy tumor biopsies were available in 23 cases for immunocyto- 
chemistry. It was, therefore, possible to compare the number of MNC 
present in pretherapy versus posttherapy tissues that stained with 
different mAbs in serial sections. As Tables 2 and 3 show, paired 
analysis of the in situ data obtained before and after therapy with rIL2 
indicated that significant changes occurred in the content of T-, NK, 
IL2R-c~ +, and HLA-DR + cells in the tumors. The posttherapy biop- 
sies contained significantly more CD3 +, CD4 +, CD8 +, CD25 +, 
CD16 § and HLA-DR + lymphocytes in the stroma (Table 2) than 
paired pretherapy biopsy tissues. The tumor parenchyma was signifi- 
cantly enriched only in NK cells (CD16 +) and activated (HLA-DR +) 
cells following IL2 therapy (Table 3). As usual in SCCHN, the tumor 
stroma was considerably more infiltrated by TIL than tumor nests 
(20). While the tumor stroma was more heavily infiltrated by both T- 
and NK cells following therapy, neither the CD4:CD8 ratio nor T- and 
NK:HLA-DR + ratio were altered. However, the ratios of T:NK cells 
and of CD3+:CD25 § cells decreased significantly after therapy, in- 
dicating selective accumulation in the tumor stroma of NK and 
CD25 + cells, respectively. In tumor parenchyma, only the T'NK cell 
ratio decreased significantly, again suggesting that NK cells prefer- 
entially accumulated in the tumor during therapy. An increased num- 
ber of lymphoid cells in the tumor and changes in the ratios described 
above were observed at all six dosage tiers of IL2, and no dose- 
response relationship could be established by either parametric or 
nonparametric statistics. 

Expression of Class I MHC Antigens on Tumor in Situ. In 
addition to changes in the number of T- and NK cells as a result of 
locoregional therapy with IL2, changes in expression of class I MHC 
antigens on tumor cells were also observed. Seventeen paired pre- and 
post-IL2 biopsy specimens, which were stained by immunoperoxi- 
dase, could be compared for changes in expression of class I MHC 

Table 2 Changes in numbers of tumor-infiltrating lymphocytes observed in the tumor 
stroma before and after peritumoral IL2 therapy 

Data obtained from 23 paired biopsies are presented as the mean number of positive 
MNC cells/HPF • SEM. Serial sections of tumor tissues obtained before and after IL2 
therapy were stained with various mAbs to MNC surface antigens, and the number of 
positive cells was determined microscopically as described in "Materials and Methods." 

Time of 
biopsy CD3 CD4 CD8 CD25 CD16 HLA-DR 

Pre-IL2 332 • 40 215 • 27 133 • 20 12 • 4 28 • 6 222 • 31 
Post-II2 481 _-_ 44 303 • 35 203 + 27 31 • 7 73 • 12 380 • 37 

P 0.0005 0.004 0.006 0.0004 0.0001 0.001 

Table 3 Changes in numbers in tumor-infiltrating lymphocytes observed in the tumor 
parenchyma before and after peritumoral IL2 therapy 

Data obtained from 17 paired biopsies are presented as the mean number of positive 
cells/HPF ~ SEM. Serial sections of tumor tissues obtained before and after IL2 therapy 
were stained with various mAbs to MNC surface antigens, and the number of positive cells 
was determined microscopically as described in "Materials and Methods." 

Time of 
biopsy CD3 CD4 CD8 CD25 CD16 HLA-DR 

Pre-IL2 3 1 - 6  1 7 •  1 9 •  4 •  5 •  1 2 1 •  
Post-IL2 52 • 13 29 • 7 30 • 8 8 • 2 15 • 3 41 • 9 

P 0.051 0.08 0.21 0.06 0.0001 0.003 

(N 

I 

=. 

+I- 

POST-IL2 

- §  § 

4 3 2 

0 0 2 

1 0 5 

P = 0 . 0 7  
Fig. 1. Changes in expression of class I MHC antigens on tumor cells as a result of 

perilesional/intranodal IL2 therapy. The presence ( + )  or weak expression ( •  of class I 
MHC antigens on the tumor was determined by immunohistology performed on paired 
pre- and post-IL2 biopsy tissues. 

Table 4 Phenotypic characteristics of til obtained from the patients' biopsies before 
and after therapy with IL2 a 

Pre Post P 

CD3 + 70 • 3 71 --- 4 NS b 
CD3+CD25 + 10 _ 1 14 +- 3 NS 
CD3-CD56 + 2 - 0.6 4.3 • 1.3 <0.05 
CD16 § 2.4 +_ 0.6 9.5 --- 2.8 <0.5 

a Data are mean --- SEM percentages of positive cells in freshly isolated TIL obtained 
from 10 paired biopsies, as determined by two-color flow cytometry. 

b NS, not significant. 

antigens. As shown in Fig. 1, the changes were not statistically sig- 
nificant, but a trend toward an increase in expression of these antigens 
was seen because only one tumor lost, while seven tumors gained, 
class I MHC antigen expression during IL2 therapy. The apparent 
ability of IL2 to up-regulate expression of class I MHC antigens was 
not related to its dose. 

Flow Cytometry of TIL Recovered from Tumor Biopsies. In 
addition to immunohistology, two-color flow cytometry was also used 
to determine the proportion of TIL expressing activation markers in 
the pre- versus posttherapy tumor biopsies. Changes in the proportion 
of lymphocyte subsets or activated lymphocytes recovered from tumor 
tissues obtained before and after therapy are listed in Table 4. Sig- 
nificant increases were observed in total NK cells (CD3-CD56 + 
or CD16 § but not in total or activated T-cells among fresh TIL 
recovered from posttherapy specimens. However, numbers of TIL 
sufficient to permit flow cytometry analyses were recovered from only 
10 paired pre- and post-IL2 tumor biopsies. Again, the changes ob- 
served in TIL subsets could not be related to the IL2 dose administered 
locoregionally. 

Antitumor Cytotoxicity of TIL Recovered from Tumor Biopsies. 
Whenever sufficient numbers of TIL were recovered from tumor 
tissues, 4-h 51Cr release cytotoxicity assays were also performed with 
K562, Daudi, AuTu, or an allogeneic SCCHN target. The purpose of 
these experiments was to determine if locoregional IL2 therapy in- 
duced a significant increase in TIL effector cell function. As shown in 
Table 5, TIL recovered from posttreatment biopsies had significantly 
higher NK activity (P = 0.04) as measured against K562 targets. 
AuTu cytotoxicity and LAK-like (anti-Daudi) activity of TIL were 
also increased following IL2 therapy, but, unfortunately, paired cyto- 
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Table 5 Antitumor cytotoxicity of  TIL obtained from tumor biopsies obtained before 
and after therapy with IL2 a 

Targets Pre n Pos t  n P 

K562 12 • 3 20 46 _ 13 16 0.04 
Daudi  14 • 5 13 30 - 9 10 NS  b 

AuTu 13 _ 8 11 68 • 26 9 NS  
P C I - I  15 _ 6 20 21 • 7 16 NS 

a Data  are mean  LU2o/107 effector  cei ls  • SEM.  T I L  f reshly  r ecovered  f rom tumor  
t issues were  assayed against  the target  cel ls  l isted in 4-h 5 iCr  re lease  assays.  

b NS,  aot  s ignif icant .  

80 
o 

N 
.J 

200 

160 

120 
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Fig. 2. Cytotoxic i ty  againt  AuTn  o f  TIL  isolated f rom tumor  b iops ies  pr ior  to and after 
IL2 therapy. Four-h  SlCr  re lease  assays were  pe r fo rmed  us ing  f reshly  isolated T I L  as 
e f fec tor  cel ls  and f resh  AuTu as targets.  [2], T I L  obta ined  f rom a pat ient  w h o  was  a 
responder .  

toxicity analyses against AuTu could be performed with TIL recov- 
ered from only a fraction of specimens and thus the pre- and post- 
therapy differences were not statistically significant. In most cases, 
either TIL or AuTu targets were not available for functional studies. 
Nevertheless, in some cases, it was possible to perform cytotoxicity 
assays. TIL recovered from pretherapy tumor biopsies had no detect- 
able cytotoxicity against AuTu. Following therapy with IL2, substan- 
tial increases in TIL cytotoxicity against AuTu were observed (Fig. 2). 
These observations indicated that locoregional therapy with IL2 re- 
suited in up-regulation of antitumor cytotoxicity of TIL, including the 
ability to lyse AuTu. The latter was particularly striking in TIL ob- 

tained from a patient who was one of the two responders to IL2 
therapy in this clinical trial (Fig. 2). 

Expression of mRNA for Cytokines or IL2 Receptor in Tumor 
Tissue. In situ hybridization was performed on paired pre- and post- 
therapy biopsy tissues to determine whether the IL2 administration 
might have stimulated cells to express mRNA for cytokines or IL2R-a 
or -/3. The in situ hybridization data, comparing expression of mRNA 
for cytokines in pre- versus post-IL2 tumor tissues, are shown in Table 
6. These studies could be performed only on paired biopsy specimens 
which were large enough to allow for preparation of multiple serial 
cryosections necessary for hybridization with various cDNA probes. 
As shown in Table 6 in 6 of 7 specimens studied, up-regulation of 
mRNA for one or more cytokines or IL2R in TIL was documented. In 
one case (patient no. 4), no cells positive for cytokine mRNA were 
detected either before or after IL2 therapy. In 5 of 7 cases studied, 
expression of mRNA for multiple cytokines was up-regulated. For 
example, it can be seen in Fig. 3 that while almost no infiltrating cells 
positive for IL2R-a mRNA were present in the tumor stroma prior to 
IL2 therapy, several cells expressing this message were present in the 
stroma of tumor tissue obtained from the same patient after IL2 
therapy. 

Systemic Effects of Perilesional/Intranodal 11.2. In addition to 
evaluating local immune responses, monitoring of a variety of im- 
mune parameters (see Table 7) in the patients' peripheral blood was 
performed before and after IL2 therapy. The purpose of these mea- 
surements was to determine whether the locally administered IL2 had 
detectable systemic effects on the proportions and function of immune 
cells in patients' peripheral blood. As indicated in Table 7, paired 
analysis of the pre- versus post-IL2 results showed that significant 
changes occurred in several immunological parameters. The absolute 
number of lymphocytes increased significantly posttherapy. Among 
lymphocytes, the percentages of total circulating NK cells 
(CD3-CD56+), activated NK cells (CD16+HLA-DR+), and activated 
T-cells (CD3+CD25+), but not of total T-cells, were significantly 
increased after IL2 therapy. In contrast, the percentage of B-cells 
(CD19 +) was decreased. Both NK activity and the ability to generate 
LAK cells were also significantly augmented after IL2 therapy. As 
Fig. 4 shows, it is likely that the observed increased cytotoxicity of 
patients' peripheral blood MNC was related to the increased propor- 
tion of circulating total NK cells as well as of activated NK cells 
following local IL2 administration. Indeed, changes in NK activity 

Table 6 In situ hybridization for expression of  mRNA for cytokines or IL2 receptors in tumor biopsy tissues obtained before and after therapy with peritumoraI IL2 ~ 

Time o f  
Pat ient  b iopsy  T N F a  IL2 IFN'y p55 pT0 I L l  [3 TGFt3 IL6 p l 8 S  p U C 9  

1 Pre + + - + - 2 +  - + + - 
Pos t  2 +  2 +  - 2 +  - 3 +  2 +  2 +  + - 

2 Pre + 2 +  - 2 +  2 +  2 +  2 +  + + - 
Pos t  2 +  2 +  - + + 3 +  + 2 +  + - 

3 Pre . . . . . . . . . .  
Pos t  2 +  2 +  - 2 +  - + - - + - 

4 Pre . . . . .  ND ND N D  + - 
Pos t  . . . .  ND - - ND ND - 

5 Pre + 2 + _ _ --- 2 + ND ND + - 
Pos t  3 +  4 4  3 +  4 +  + 3 +  N D  ND 2 +  - 

6 Pre - • 2 + - - + - ND --- - 
Pos t  + 3 +  3 +  + - 4 +  + ND 2 +  - 

7 Pre . . . . . . . .  • - 
Pos t  - 2 +  . . . . . .  + - 

a ln situ hybr id iza t ion  wi th lS  35] e D N A  probes  for cy tokine  m R N A  on cryosta t  sect ions:  + ,  1 cel t /HPF;  + + ,  3 - 5  ce t l s /HPF;  3 + ,  -->5-10 cells..fflPF; 4 + ,  ->10 ce l l s /HPF;  TNFo~, 
tumor  necros i s  factor C~; TGFI3, t ransforming  g r o w t h  factor  # ;  ND, not  de termined .  The t issues were  evaluated  microscop ica l ly  as descr ibed  in "Mater ia ls  and Methods . "  
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Fig. 3. In situ hybridization for IL2R-a mRNA. Several cells positive for IL2R-a 
m R N A  can be seen in posttreatment tumor tissue (b), while only one positive cell is 
present in the pretreatment biopsy tissue (a). • 900. 

(log LU) and the percentage of CD3-CD56 § cells were significantly 
correlated (specimen correlation = 0.65; P = 0.0004). Neither spon- 
taneous nor in vitro-induced cytokine production by patients' periph- 
eral blood MNC were increased following therapy. 

Because there were only two clinical responders, comparisons of 
their immune parameters to those of nonresponders are limited to ad 
hoc descriptive methods. Nevertheless, it might be important to note 
that both responders differed from the rest of the cohort on pretherapy 
immunological evaluation. While their pretreatment absolute lympho- 
cyte counts were within a normal range, the proportion of CD3 + 
T-cells was high in both responders (90 and 84%); these were the 2nd 
and 3rd highest of 33 pre-IL2 determinations). Conversely, the pro- 
portion of CD3-CD56 § NK ceils ranked the lowest and fifth lowest 
of all patients studied (4 and 8%, respectively). Also, the pretherapy 
percentage of activated helper T-cells (CD4+CDllb § was high at 8 
and 4%, ranking 1st and 4th highest out of 33, as was that of 
CD3+CD56 § (activated) T-cells (9 and 8%). Aside from these pre- 
treatment differences, both responders followed the same pattern of 
the pre- and posttherapy changes seen in nonresponders. Both re- 
sponders had increased lymphocyte counts, an increased percentage of 
CD3-CD56 § NK cells, and NK and LAK activity against Daudi 
targets. One responder had increased LAK activity against AuTu, the 
other, a decrease. 

Dose Effects on Systemic Up-Regulation of Immune Param- 
eters. When dose response was assessed (as described in "Materials 
and Methods"), three parameters, the percentage of CD56 + ceils (P < 
0.035), the percentage of CD3-CD56 § cells (P = 0.005), and LAK 
cytotoxicity against AuTu (P = 0.025) showed statistically significant 
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dose responses. As shown in Fig. 5A, the percentage of CD3-CD56 + 
cells in circulation increased with the dose, reaching maximal levels 
at the two highest doses. For LAK activity against AuTu, maximal 
activity occurred at the two highest and at the lowest dose tiers with 
no indication for significantly different activity at intermediate levels 
(a "reverse umbrella" curve in Fig. 5B). The dose-response patterns 
similar to those seen for CD3-CD56 § cells were also observed for NK 
activity and LAK activity against Daudi cells, although the dose- 
response relationship for these parameters was not statistically sig- 
nificant (data not shown). This last observation is reinforced by sta- 
tistically significant Spearman correlations between the percentage 
change in pre- and posttherapy cytotoxicity with that in CD3-CD56 + 
cells: NK activity, r = 0.65 at P = 0.0004; LAK activity against 
Daudi cells, r --- 0.05 at P = 0.01; and LAK activity against AuTu, 
r = 0.71 at P = 0.0001. Also, as shown in Fig. 5C, the pre- and 
posttherapy increases in NK activity were the highest and most con- 
sistently seen at the two highest IL2 doses. Overall, the dose-response 
analysis for systemic immune parameters indicated that the percentage 
of circulating NK cells and IL2-induced cytotoxicity was most likely 
mediated by activated NK cells. 

DISCUSSION 

Based on evidence from earlier in vitro studies with IL2, locore- 
gional administration of IL2 to patients with SCCHN might be ex- 
pected to have considerable effects on local cell-mediated immunity. 

Table 7 Analysis of pre- and post-lL2 changes in proportions and function of 
peripheral blood mononaclear cells in patients treated with peritumoraI IL2 a 

No. of  
Immune parameter pairs Pre-IL2 Post-IL2 P 

WBC x 1000/him 3 20 8.7 + 0.5 9.6 • 0.6 
Lymphoyctes x 1000/mm 3 20 1.6 • 0.1 2.0 --- 0.2 0.001 

T-cell subsets (%) 
CD3 + 26 73 --- 2 69 • 2 0.06 
CD3+CD25 + 26 12 • 2 18 • 2 0.0002 
CD4 + 26 48 • 2 47 • 2 
C D 4 + C D l l b  + 26 2.1 • .4 2.3 --- .5 0.005 
CD8 + 26 23 • 2 22 • 2 
C D 8 + C D l l b  + 26 7.3 - .8 8.2 • .9 
CD4+:CD8 + ratio 26 2.1 2.2 

NK cell subsets (%) 
CD56 + 26 22 - 2 26 --- 2 0.016 
CD16 + 26 11 +_ 1 14 • 2 0.013 
CD3-CD56 + 26 16 • 2 22 • 2 0.003 
CD16+CD56 + 7 9 - 2 16 • 2 0.016 
CD16+HLA-DR + 26 1.3 - 0.2 2.7 --- 0.6 0.003 

B-cells (%) 
CD19 2I 5 --- 1 3.6 -+ 0.8 0.014 

Cytotoxicity (log LU) 
NK (vs. K562) b 26 2.0 • 0.07 2.2 • 0.07 0.0435 
LAK (vs. Daudi) 23 2.9 • 0.08 3.3 -+ 0.12 0.0q306 
LAK (vs. SCCHN) 20 2.5 +- 0.11 2.8 • 0.14 0.015 

Cytokine production c 
IFN3, spout. (units/ml) 24 0.65 • .4 0.4 • 0.2 
IFN3, stim. (units/ml) 24 132 --- 21 190 - 61 
ILl~3 spent. (ng/mt) 25 0.3 • .08 0.34 • 0.1 
I L I ~  stim. (ng/ml) 25 4.1 --- 0.6 3.6 --- 0.5 
TNFe~ spont. (ng/ml) 23 0.3 • 0.2 0.2 • 0.1 
T N F a  stim. (ng/ml) 23 2.1 • 0.3 1.6 -.+ 0.2 

a Data are mean • SEM pre- or post-IL2 values calculated for all patients. The P 
values for differences between pre- versus post-IL2 values were calculated by the signed 
rank test for paired comparisons. Only the P values for significant differences are listed. 

b All cytotoxicity data are presented as loglo LU2o/107 effector cells. As an allogeneic 
SCCHN target, the PCI-1 cell line established in our laboratory as described previously 
(40) was used. This SCCHN cell line is NK cell resistant. 

r Cytokine production (spontaneous or stimulated by mitogens) by patients' peripheral 
blood MNC was measured by enzyme-linked immunosorbent assays as described in 
"Materials and Methods." 
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cell targets could be recovered for in vitro assays. In an immunohis- 
tological study, Rubin et al. (34) have recently compared pre- and 
posttherapy tumor tissues obtained from 48 patients with advanced 
malignancies treated with systemic IL2 alone or in combination with 
cyclophosphamide and/or adoptively transferred effector cells. Their 
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Fig. 4. A, examples of systemic up-regulation of NK activity; B, increased proportion 0 
Z of CD56+CD16 + NK ceils in peripheral blood of patients following locoregional therapy < 

with IL2. In the box plots, horizontal lines represent median values with lower 25 and 
upper 75 percentiles for all patients. Significance of differences between the pre and 
postdate is given in Table 7. 

It has been demonstrated that IL2 up-regulates cytolytic activities of 
T- and NK cells and induces cytokine production by these cells (re- 
viewed in Ref. 10). Additionally, in vivo experiments in animal mod- 
els of tumor growth and metastasis have indicated that local admin- 
istration of IL2 induces cytokine cascade and results in antitumor 
effects and in generation of immunological memory (28, 29). There is 
also evidence obtained from both in vitro and in vivo studies that IL2 
may have a direct growth-inhibitory effect on SCCHN, which have 
been shown to express IL2R (30). These preclinical results suggested 
that therapy with IL2 might be effective in up-regulating the in situ 

antitumor function of TIL as well as increasing their number or 
perhaps directly contributing to tumor growth inhibition (30). 

In a clinical study of locoregional IL2 administration to patients 
with advanced SCCHN performed earlier, attempts were made to 
compare distribution and quantitative differences of TIL and other 
immune cells in rlL2-treated versus untreated patients with SCCHN 
(3 t). This comparison showed that both immunological and histologi- 
cal differences were demonstrable between tumor tissues obtained 
from IL2-treated versus untreated patients. Rivoltini et aL (32) exam- 
ined a limited number of biopsies of lymph nodes of patients with 
MNC treated with LAK cells and IL2. However, a more conclusive 
approach for evaluating the effects of locoregional IL2 therapy is to 
study paired tumor biopsy tissues obtained before and after therapy. 
Using this approach, we have demonstrated significant accumulation 
of activated MNC and up-regulation of their antitumor activity as a 
result of IL2 therapy. Increases in numbers of TIL-T which expressed 
activation antigens, as well as higher cytotoxicity of fresh TIL recov- 
ered from posttreatment tissue specimens that we have observed, 
dearly indicate that local cell-mediated responses have improved 
following two short cycles of daily locoregional IL2 therapy. In- 
creased and selective accumulation during therapy with IL2 of acti- 
vated NK cells in the tumor stroma and parenchyma further indicates 
that IL2 not only had effects on the number of infiltrating cells but 
also altered the composition of MNC infiltrates in the tumor. 
In general, NK cells are rarely seen in either primary or recurrent 
SCCHN, as shown by us earlier (33), and fresh TIL recovered from 
these tumors have little, if any, NK activity (32). In contrast to pre- 
therapy specimens, MNC in sections of posttreatment biopsies were 
enriched in NK cells, and TIL recovered from SCCHN after IL2 
treatment displayed considerable levels of NK activity and lysis of 
AuTu in those few cases, where sufficient quantities of TIL or tumor 
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Fig.  5. Examples of dose-response effects on systemic immune responses. A, pre- and 
posttherapy differences in the percentage of circulating CD3-CD56 + NK cells at each IL2 
dose, shown as changes from baseline. B, the pre- and posttherapy differences in log L U  
of LAK activity against AuTu at each IL2 dose, shown as changes from baseline. Note the 
"reverse umbrella" effect. Data are mean pre- and posttherapy differences �9 SEM.  E a c h  
patient is represented by a circle. Vertical lines, IL2 dose tiers. C, pre- and posttherapy 
differences in NK activity (log LU) for each patient at each of the six IL2 dose tiers. Note 
that at the highest two doses, the posttherapy values are sharply increased. 
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findings indicated that clinical responses to IL2-based immunotherapy 
were associated with T-cell as well as macrophage infiltrations at the 
tumor site (34). 

Histopathological studies have shown that SCCHN generally con- 
tain abundant chronic and/or acute inflammatory infiltrates (35). 
Comparing the type and degree of tumor infiltrates before and after 
IL2 therapy, we observed that although the number of infiltrating cells 
increased in more than one-half of the tumors studied, the type of 
inflammatory cells (i.e., mononuclear cells versus granulocytes) gen- 
er'ally remained unchanged (Table 1). In only two biopsies was there 
evidence for a shift from chronic to mixed infiltrate, and in 4 others, 
from mixed to chronic infiltrate. Nevertheless, these changes suggest 
that locoregional IL2 therapy had effects on the influx of inflamma- 
tory cells into the tumor. Our in situ hybridization studies for cytokine 
gene expression in infiltrating cells suggested that IL2 was able to 
induce local cytokine production. It is likely that production of che- 
motactic factors for MNC and granulocytes was also induced by IL2 
as a part of the local cytokine cascade. The in situ hybridization results 
are in agreement with numerous experiments, including transfer of 
genetically modified tumor cells performed in murine models of tu- 
mor growth and metastasis, which have shown that the activation of 
cytokine cascade and presence of cytokines (at the tumor site) are a 
part of the local antitumor response (11, 28, 36, 37). 

Recently, Colombo et al. (37) have argued that acute as well as 
chronic inflammatory cells play a crucial role in local antitumor 
responses and that activation of these cells by locally available cyto- 
kines leads to granulocyte-T-lymphocyte cross-talk, which appears to 
be essential for tumor rejection. Induction of cytokine production in 
the tumor environment appears to alter the natural tumor-host inter- 
actions and may shift the immune balance in favor of the host (28, 
37-39). Nonspecific inflammatory cells, e.g., eosinophils, may ac- 
tively participate in antitumor responses, as has been elegantly shown 
by studies of Forni et al. (11) in experimental murine models of tumor 
growth. Eosinophils were reported to be increased in numbers at the 
tumor site as a result of IL2 therapy in several earlier clinical studies 
(17, 31, 40). However, no evidence for significant accumulation of 
eosinophils in SCCHN before or after IL2 therapy was obtained in our 
study, except for four cases, where moderate increases in eosinophil 
infiltration into the tumor were observed after therapy. Although IL2 
appeared to exert profound effects on the number and/or activation of 
tumor-infiltrating effector cells, the observed changes could not be 
related to more extensive tumor necrosis or altered vascular prolif- 
eration. Interestingly, the observed local changes following IL2 
therapy were not demonstrably dose related. At the lowest IL2 level of 
200 units/ml, the changes were already present, and no incremental 
effects were apparent as the dose was escalated. These observations 
suggest that cytokine therapy may be effective in altering tumor 
microenvironment at doses far below the maximum tolerated dose 
levels and may explain the favorable results obtained in the earliest 
clinical study of low-dose locoregional IL2 in SCCHN (15). 

In vitro studies with IL2 have suggested that IL2 may alter both 
susceptibility of SCCHN to immune effector cells (41) and directly 
inhibit growth of SCCHN (30). The ability of IL2 to directly influence 
behavior of SCCHN may be related to IL2-induced changes in ex- 
pression of surface antigens such as MHC antigens or cellular adhe- 
sion molecules and/or to the presence of functionai IL2R on at least 
some of these tumors (30). Tumor growth-inhibitory effects of IL2 
have been confirmed in vivo in an animal model of SCCHN (36), and 
in this clinical trial, we have observed increased expression of class I 
MHC antigens on the treated tumors, whether as a result of direct 
effect of IL2 on SCCHN or mediated by T-interferon released in 
response to IL2 in the tumor milieu. 
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Not only local but also systemic activation of immune cells was 
observed as a result of tocoregional therapy with IL2 in patients with 
inoperable SCCHN. Evidence for dose-dependent increases in several 
immune parameters was obtained in our trial, and significant systemic 
activation of immune cells occurred even at the lower IL2 doses. We 
have concluded that locally induced cytokine cascade, which was 
sustained and probabiy amplified by daily IL2 injections, was respon- 
sible for the systemic effects. The dose-response curves for NK ac- 
tivity against K562 and LAK activity against Daudi cells were similar 
to those for the proportions of NK cells in that the highest activities 
were seen at the highest IL2 doses. However, cytotoxicity against 
AuTu was increased not only at the highest but also at the lowest dose 
of IL2 used (a "reverse umbrella" effect). This observation implies 
that, in vivo, low as well as high doses of IL2 were most effective in 
up-regulating AuTu cytotoxicity mediated by IL2-activated circulat- 
ing immune cells. Our conclusions are in agreement with the schema 
for development of systemic immunity during local cytokine therapy 
suggested by Colombo et aL (37) and based on extensive studies in 
tumor-bearing mice, as well as a limited number of clinical trials. 

In view of this well-documented and convincing evidence for local 
and systemic activation of immune effector cells as a consequence of 
locoregional IL2 therapy in the patients with SCCHN, it is disappoint- 
ing that only two partial clinical responses have occurred (19). It must 
be stressed that this was a Phase Ib trial designed to assess toxicity, not 
antitumor activity, and the limited time during which patients received 
IL2, the short observation period, and the advanced stage of their 
tumors may have further compromised the likelihood of obtaining 
antitumor effects. Patients with advanced, bulky SCCHN are probably 
not the best candidates for cytokine therapy, and better results might 
be expected at earlier stages of disease. The potentially more prom- 
ising clinical population of patients with minimal residual disease or 
early limited disease might be treated with regional IL2 in the future 
on the basis of these findings. In SCCHN, there are indications from 
more recent studies of De Stefani et aL that such tumors are respon- 
sive to locoregional IL2 therapy. 5 Given the demonstrated safety and 
feasibility of locoregional IL2 therapy, future clinical trials with this 
modality should focus on patient populations which are more likely to 
respond to this form of biological therapy. 
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