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ABSTRACT

Tumor necrosis factor (TNK) is a cytokine Â«Â¡Ihpleiotropic biological
and antitumor effects iti ritro and in mouse models. The immunological
effects of the molecule as a single agent, however, have not been well
studied clinically. \Ve conducted a Phase I trial of TNF in 53 patients
with advanced malignancies in order to determine the biological and
clinical effects of TNK when administered as a 30-min i.v. infusion three
times/week. Dose levels of TNK ranged from 5 to 275 Mg/nr; doses of
TNK were escalated between patient groups. The most common clinical
toxicities of TNK consisted of rigors, anorexia, headache, and fatigue.
Dose-limiting toxicity consisted of hypotension, fatigue, and nausea. 1our
patients treated at the maximally tolerated dose of 225 //g 'm ' received

dexamethasone to determine whether the toxicities of TNK could be
ameliorated. No significant differences in hypotension or subjective symp
tomatology were observed in those patients receiving dexamethasone and
those who did not or between injections in which dexamethasone was
administered and when it Â»asnot. One patient with colorectal carcinoma
treated with 50 Mg/m~had a partial response lasting about 9 months.

Biological responses were evaluated in 8 patients treated at the maxi
mally tolerated dose before therapy and 24 h afterward. INK significantly
(/' < 0.05 for all) enhanced serum ^'-microglobulin, serum neopterin,
and serum interleukin-2 receptor (Tac antigen) levels. Indoleamine 2,3-
dioxygenasc activity was also increased 24 h following the administration
of TNK, although this increase was only of borderline statistical signifi
cance (P = 0.07). TNF did not enhance granulocyte bactericidal activity.
The expression of cell surface proteins on monocytes, including HLA-
DR. IH.A-DQ, Â¿P-microglobulin,and the Kc receptor, and serum inter-
leukin-l activity also were not significantly increased by the administra

tion of TNF. thus, in humans TNF caused biological response modulation
with evidence of 11LA Class I (.; -niicroglohii lin) increase and T-cell (Tac
antigen) and monocyte (neopterin) activation.

INTRODUCTION

TNF" was first identified by Carswell et al. (1) in the serum
of Bacillus Calmette-Guerin-sensitized animals treated with
endotoxin as a protein which caused hemorrhagic necrosis of
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murine tumors. Two distinct factors with TNF activity have
been recognized: TNF-Â«,a product of macrophages, and TNF-
fj, a product of lymphocytes (2, 3). These molecules have been
shown to have antitumor activity as a single agent against
human cervical carcinoma cells (4-6). nonsmall cell lung cancer
(4, 7, 8), colorectal cancer (4, 5, 7), breast cancer (4, 5), ovarian
carcinoma (4, 5), and melanoma (4, 5) in vitro. In human tumor
xenografts growing in nude mice, TNF has direct cytotoxic
activity in breast, bowel, and ovarian tumors (9-11). TNF has
also been shown to induce regressions in vivo in murine sarcoma
(11-13), melanoma (13), colon carcinoma (13), and adenocar-
cinoma (12) cells.

In addition to the cytostatic and cytotoxic properties of TNF,
a broad spectrum of immunomodulatory activities of this mol
ecule have been described. Like IFN, TNF has antiviral activity
in some but not all cell lines (14, 15), and in some cell lines
induces 2-5A synthetase activity (14), an enzyme which is
strongly induced by IFNs. TNF enhances the expression of
Class 1major histocompatibility antigens on human endothelial
cells, dermal fibroblasts (16), and human tumor cell lines (17)
and the expression of Class II major histocompatibility antigens
on human T cells (18) and tumor cells (17). TNF has been
demonstrated to be an effector molecule in monocyte cytotox-
icity (19, 20), a cell-associated molecule able to kill TNF-
sensitive target cells on direct contact in the absence of any
measurable secreted TNF (21), and an augmenter of in vivo and
in vitro macrophage tumoricidal activity using peritoneal exÃº
date macrophages (22). Like IFN-7, IFN-ÃŸser,and interleukin-
2, TNF increases urinary neopterin levels (23), a monocyte
product. TNF has multiple actions on natural killer cells, in
cluding an enhancement of HLA-DR antigens and IL-2 recep
tors (24) and IL-2 effects (24). TNF has positive effects on
granulocyte function, including chemotaxis activity (25), in
creased phagocytosis (26). and enhanced antibody-dependent
cellular cytotoxicity (26, 27).

Although the biological response modulatory effects of TNF
have been well studied in vitro, the in vivo effects of TNF have
not been defined in humans. This report describes a Phase I
study in which TNF-a was administered i.v., three times weekly
for 8 weeks. The purpose of this study was to assess the
tolerability of this schedule and to determine the effects of TNF
on cytokine-induced proteins, monocyte function, and granu
locyte function.

MATERIALS AND METHODS

Preparation of TNF

The molecular cloning and protein characterization and purification
of recombinant human TNF-Â« were performed by Genentech, Inc.
(South San Francisco. CA) and have been described previously (2, 3,
28). The TNF produced in Escherichia coli is nonglycosylated and has
a molecular weight of approximately 17.000. TNF is purified to >99%
as determined by sodium dodecyl sulfate-polyacrylamide gel electro-
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phoresis and has a specific activity of approximately 4 x IO7units/mg

of prolein as defined by the lysis of actinomycin D-treated mouse L929
cells (29). Sterility, general safety, and purity studies meet the standards
of the Office of Biologies, Food and Drug Administration.

Patient Selection and Study Design

Patients with histopathological confirmation of disseminated cancer
who had not received antitumor therapy for at least 4 weeks were
entered in the study. Eligibility criteria included an Eastern Oncology
Cooperative Group performance status of 0, 1, or 2, life expectancy of
at least 3 months, and adequate hepatic (bilirubin <1.5 mg/dl; aspartate
aminotransferase, <4x ), renal (creatinine, <2.0 mg/dl), and hemato-
logical (granulocytes, >l,500/mm'; platelet count, >100,000/mm')

function. Informed consent was obtained from all patients in accord
ance with institutional guidelines.

TNF was administered as a 30-min i.v. infusion three times/week
for 4 weeks (1 course). After the first injection, each patient received
650 mg acetaminophen before TNF and every 4 h following therapy as
needed. Prehydration with 500 ml normal saline over a 30 min was
administered prior to TNF in patients treated with 200 Â¿ig/nr and
higher in an effort to avoid hypotension, a side effect seen in earlier
TNF trials. Hydration following TNF infusion was used as necessary.
Meperidine, 50-100 mg i.m., was given 30 min before the second
infusion and all subsequent infusions in order to reduce the rigors
associated with TNF therapy. Ibuprofen was administered during weeks
5-8 (400 mg, P.O., 4 times/day) in 5 patients treated with 175 or 225
Mg/nr in order to investigate whether nonsteroidal anti-inflammatory
agents would reduce the constitutional effects of TNF infusion. In four
patients, dexamethasone, at the MTD (225 Mg/nr), was administered
(10 mg. i.v.) immediately prior to each infusion.

Doses of TNF were held for Grade 3 toxicities and restarted at the
lower dose level. Patients were removed from study if they demonstrated
Grade 4 toxicities. The following grading system was utilized for
hypotension, recumbent orthostatic BP: Grade 1, 20-25% decrease in
systolic BP (26-30% decrease in systolic BP, no symptoms); Grade 2,
26-30% (26-30% decrease, symptoms mild); Grade 3, 31-40% (>31%,
no or mild symptoms); Grade 4, 40% (systolic BP <70 mm Hg, severe
symptoms, or requiring hospitalization).The MTD of TNF was defined
as the dose level immediately below the dose level which produced
Grade 3 or 4 toxicity in one-third of the patients.

Biological Response Monitoring

We evaluated biological responses of patients treated at the MTD
(225 Mg/m2) pretherapy and 24 h following their first dose of TNF.
Biological responses that were measured included (a) cytokine-induced
proteins, (b) granulocyte function, and (c) monocyte function.

Cytokine-induced Proteins

Cytokine-induced proteins that were assessed included 2-5A synthe-
tase, fii-microglobulin, serum Tac antigen expression, plasma IL-1, and
indoleamine 2,3-dioxygenase.

2-5A Synthetase. The activity of this enzyme was measured by
incorporation of ['HjATP into 2'-5'-oligoadenylate (30). In brief,
PBMC cell lysates were incubated with polyriboinosinate-polyribocy-
tidylate agarose, allowing the 2-5A synthetase enzyme to adhere, then
incubated for 20 h with a ['H]ATP buffer solution, and digested with

bacterial alkaline phosphatase. Aliquots (5 n\) were pipeted onto
DEAE-cellulose paper, washed, eluted with 0.3 M KCI, and counted.
Specific activity units, defined as pmol/105 cells/h, were calculated
from the percentage of conversion of ['H]ATP into oligoadenylate

cores.
Serum fo-Microglobulin. /^-microglobulin levels were measured in a

quantitative competitive radioimmunoassay (Pharmacia, Piscataway.
NJ).

TAG Antigen Expression. The interleukin-2 receptor (Tac antigen)
was assayed using a sandwich enzyme immunoassay (Cellfree; T-Cell
Sciences, Cambridge, MA).

IL-I. Serum levels of IL-lfi preceding the infusion and at 6 and 24 h
afterward Â»eredetermined using a commercially available ELISA (Cis-

tron Biotechnology, Pine Brook, NJ) with a minimum detection limit
of 20 pg/ml. To examine IL-1 secretion, peripheral blood mononuclear
cells were incubated overnight. IL-1 activity in cell-free cultures was
determined by ELISA and the mouse thymocyte assay (31). A serial
dilution of recombinant IL-1 (Genzyme, Cambridge. MA) served as a
standard. Proliferation was measured as incorporation of radiolabeled
thymidine culture during the terminal 8 h of culture. The assays were
done in triplicate and read in a liquid scintillation counter.

IDO. IDO activity was assessed by measuring serum tryptophan
levels and urinary kynurenine levels. Serum tryptophan was measured
by a fluorometric method with internal recovery standards of i.-trypto-
phan (32). Twenty-four-hour urine collections, preserved by addition
of dymol, were made before, and 24 and 48 h after TNF administration.
Kynurenine was measured by the alkaline steam distillation method
previously described from this laboratory (33).

Granulocyte Function

Granulocyte function was assessed using a bactericidal assay. Poly-
morphonuclear cells were isolated by Ficoll-Hypaque separation, and
cell number was adjusted to a concentration of IO6cells/ml. Staphylo-

coccus aureus (American Type Culture Collection 25923) in the loga
rithmic phase of growth was washed, adjusted to 0.600, read at A62o,
and diluted to give approximately 107/ml. for an effector to target ratio

of 1:10. Duplicate reaction tubes with either 10% control serum or
10% patient serum were set up. After 0, 30. and 120 min of incubation,
multiple dilutions of reaction mix were plated in triplicate in blood
agar plates to give between 30 and 300 colonies/plate. Plates were
incubated for 24 h at 37Â°Cand colonies counted.

Monocyte Function

Monocyte function was assessed as HLA Class I and II antigen
expression, Fc receptor expression, and neopterin levels.

HLA Antigen Expression. PBMCs were incubated first with heat-
aggregated human IgG (Cappel Worthington), and then washed and
incubated with specific fiuorescein isothiocyanatc-labeled monoclonal
antibody (Becton Dickinson). Cells were analyzed by flow cytometry
(FACScan or Ortho Cytofluorograf 50H), and monocytes were identi
fied by light scatter. Percentage of positive cells was determined by
comparison to a control antibody.

Monocyte Fc Receptor

PBMCs were incubated with fluoresceinated human IgG alone (Sam
ple A) or plus 100-fold excess nonfluoresceinated IgG (Sample B).
U937 cells were treated identically. Cells were analyzed as for HLA
antigens, and Fc receptor numbers were calculated according to the
following equation:

No. Fc receptors =
MF1 test Sample A - MF1 test Sample B

MF1 U97 Sample A - MFI U937 Sample B
x 20,000

Neopterin. Serum neopterin was assayed by a commercially available
radioimmunoassay kit (Neopterin-RIAacid: Henning. Berlin GmbH,
distributed by DRG International, Inc., Mountainside, NJ).

RESULTS

Clinical

Fifty-three patients were entered at 12 dose levels, ranging
from 5 to 275 ng/nf (5, 10, 25, 50, 75, 100, 125, 150, 175,
200, 225, 250, and 275 ng/m2) (Table 1). Patients were consid

ered Ã©valuablefor toxicity if they had received >10 injections
or if they were removed from the study because of toxicity. Of
the 49 patients who were Ã©valuablefor toxicity, 44 received
>10 injections. Five patients received <9 injections but came
off the study because of signs of toxicity as follows: 1 at 10 /ug/
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Table I Patient characteristics

CharacteristicNo.

ofPatientsAge
(yr)MeanRangeSexMaleFemalePerformance

status01iPrior

thcrapxNoneChemotherapy

onlyRadiation
onlyChemotherapy

andradiationPrior
chemotherapyregimens12>2HistologiesColorectalRenalGastrointestinal

(stomach.esophagus,
pancreas)BreastLungOther5353.526-7636172030312251IS14131319763513

Table 2 Course I hypotensire toxicilies in all patients treated with 225
TNF

' of

m2 dose, acute respiratory distress: 1 at 25 //g/nr, acute respi
ratory distress; 2 at 250 pg/m2 dose, acute respiratory distress;
1 at 275 Mg/m2, Grade 4 recumbent hypotension. Four patients

discontinued therapy for personal reasons without reaching
dose-limiting toxicity after receiving <10 injections and were
considered unevaluable for chronic toxicity.

Patients were allowed to escalate to higher dose levels of
TNF provided that they were tolerating the lower dose of TNF
well and that at least 2 patients were treated at higher dose
levels without Grade 3 toxicity. Thirteen patients received dose
escalations, all between the 50- and 125-Mg/nr dose levels.

Toxicities

Striking generalized rigors beginning soon after TNF infu
sion were almost universal (94 of 101 Ã©valuablecourses). Grad
ing of rigors is difficult; however, no patient ceased therapy
purely because of rigors. The intensity and duration of rigors
were not clearly related to the dose of TNF. While rigors were
frequent, fever was not. Fever may have been modulated by the
routine administration of acetaminophen prior to TNF.

Hypotension associated with TNF was variable, although
somewhat dose related. At the 275-i/g/nr TIW dose of TNF,
hypotension occurred in 3 of 3 patients, despite prehydration,
including one patient who had a Grade 4 recumbent hypoten
sion, requiring posttreatment hydration and hospitalization but
no vasopressors. The other two patients experienced a Grade 2
recumbent, and Grade 1 orthostatic hypotension. At 250 /Â¿g/
nr TIW, 3 of 8 patients experienced Grade 1 recumbent hy
potension. Two episodes of Grade 3 orthostatic hypotension
were observed in 2 of 10 patients treated with 225 Mg/m2. At
doses of TNF <225 ng/m2 TIW, no significant hypotension

was seen. Hypotension developed within 2 h of initiation of the
TNF infusion. Blood pressure recovered with supplemental
hydration within 2-4 h. Patients were often quite fatigued from
the combination of severe rigors, hypotension, and prolonged
time spent in the outpatient treatment area (4-6 h).

The MTD of TNF, when administered as a 30-min i.v.
infusion 3 times/week, was 225 Mg/m2- Other than Grade 3

orthostatic hypotension, only 1 Grade 3 toxicity in 10 patients

Course1Without

dexamethasonePatientP.

H.N.J.E.

A.M.
M.C.
S.J.
K.L.
H.CD.J.

S.E.
B.Injection

10"II.

orthostatic0000Injection

20II.

orthostatic0(100With

dexamethasone(injec
tion2)Injection

100III.

orthostaticIII.
orthostaticInjection

20000

" Grade.

was observed at this dose level (severe headache). Eight patients
were treated with 250 ng/m~. Six episodes of Grade 3 toxicities

were observed at this dose level, including Grade 3 fatigue,
nausea, and vomiting. Three patients received 275 Mg/m2; l

episode of Grade 4 recumbent hypotension was observed.
Other toxicities were mild and manageable: Grade 1 or 2

vomiting occurred during 27 of 101 courses; headache requiring
mild narcotic analgesics accompanied 54 of 101 treatment
cycles; fatigue (58 of 101) and anorexia (21 of 101) were often
seen. No clinically significant hepatic, renal, hematological,
thrombotic, or bleeding toxicity occurred. Transient granulo-
cytopenia, monocytopenia, and lymphocytopenia were observed
following TNF infusion, even at the lowest dose levels. Blood
counts returned to normal by 24-48 h and no sequelae of these
changes were noted. Thrombocytopenia was not seen.

Four patients treated at the 225-Mg/m2 dose level received 10

mg dexamethasone i.v. 30 min prior to the second injection of
TNF to determine whether dexamethasone could alleviate the
toxicities due to TNF (Table 2). Minor differences in symptom
atology and blood pressure changes were observed between the
first injection, administered without dexamethasone, and the
second injection, administered at the same dose of TNF with
dexamethasone. Similarly, no significant differences in symp
tomatology or hypotension were observed between these 4
patients, and 6 patients treated with the 225 ng/m2 without

dexamethasone (Table 3). Ibuprofen was given to 5 patients (2
at the 175-^g/m2 dose level and 3 at 225-Â¿ig/m2dose level)
during weeks 5-8. Constitutional symptoms were not decreased
in this small group of patients.

One patient who was entered at the 50-^g/nr dose level

Table 3 Comparisons of toxicities in patients treated with 225 ng/m* of TNF

No
dexamethasone"Receivingdexamethasone*GradeAnorexiaFatigueMyalgiaNauseaVomitingRigorsFeverCentral

NervousSystemHypotensionRecumbentOrthostatic0-1100'6090605040706090902030II)405060304010103010000000000-11001000100501001008710062Grade200005000000300(1000013038

" Number of patients. 6: number of courses, 10.
* Number of patients. 4: number of courses. 8.
' Percentage of courses associated with toxicity.
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experienced a partial response. The patient was a 53-year-old
man with locally recurrent colorectal carcinoma who had no
prior therapy. Following 2 months of treatment with TNF at
the 50-/jg/m2 level, the patient's pelvic mass on computed

tomographic scan decreased by >50%. The patient subsequently
received escalating doses of TNF, up to 150 ng/rn1 in 10

courses. The partial response was maintained for 280 days.

Biological Response Modification

After the maximally tolerated dose was defined, assessment
of biological response modification was undertaken at the 225-
fig/nr dose level without dexamethasone. Assessed were cyto-
kine-induced proteins in serum and granulocyte and monocyte
function.

Cytokine-induced Proteins

2-5A Synthetase. Pretherapy 2-5A synthetase levels ranged
from 21.1 specific activity units (units = pmol/105 cells/h) to
274.8 units (102.9 Â±43.5 units, mean Â±SD)(Fig. IA). Twenty-
four h following TNF, levels ranged from 36.2 to 335.0 units
(130.7 Â±45 units). Although 2-5A synthetase levels increased
in 5 of 7 patients, the overall increase was not statistically
significant^ = 0.11).

A. 2-5A Synthetase

200-

pre-TNF posl-TNF

B. Serum Beta 2 Microglobulin

pre-TNF posl-TNF

C. Serum Tac Antigen

1400 -

1200 -

600 -

pre-TNF posi TNF

Fig. 1. Mean changes in serum 2-5A synthetase levels (A), /ij-microglobulin
levels (B), and Tac antigen levels (C) in patients treated at the maximally tolerated
dose of TNF (225 /jg/m2). Each line, an individual patient. Increases pretreatment
versus 24 h posttreatment: 4, P = 0.11; B, P = 0.004; C, />< 0.001.

Serum /Ã S-Microgobulin.The mean serum /i:-microglobulin
level prior to TNF was 2.5 Â±0.2 /Â¿g/ml(Fig. \B). All patients
had increases and the mean posttreatment /ii-microglobulin
was 3.5 Â±0.2 Â¿tg/ml,an increase significant at P = 0.004.

Serum Tac Antigen. Increased serum Tac levels have been
observed in patients receiving continuous infusions of IL-2 as
well as in patients undergoing other forms of in vivo immune
activation. This has been shown to occur from T-cells and not
natural killer cells. Tac antigen levels in serum increased from
611 Â±73 units/ml pretherapy to 1055 Â±122 units/ml 24 h
posttherapy (P < 0.0001) (Fig. 1C). All patients assessed
showed enhancement, suggesting that TNF administered in
vivo may lead to T-cell activation.

IL-1. No IL-1 was detectable by ELISA assay in serum of
patients at 0, 6, or 24 h after TNF treatment (Fig. 2A). To
further investigate potential changes in IL-1 secretion, PBMCs
from patients were cultured overnight, and the supernatant was
tested for IL-1 content by either ELISA or a bioassay measuring
IL-1-dependent growth of mouse thymocytes (MT assay; see
"Materials and Methods"). Although IL-1 was detectable in

cell culture supernatant by both assay methods, no significant
difference in IL-1 content before and after TNF treatment was
observed (Fig. 2; P = 0.41, ELISA; P = 0.90, MT assay). When
PBMCs were cultured overnight in the presence of LPS, with
TNF, increases in IL-1 production over those cultured in me
dium alone were found (P = 0.005, ELISA; P = 0.12, MT
assay), indicating that these patient cells are capable of IL-1
secretion. However, the LPS-induced secretion of IL-1 was
similar for PBMCs pre- or post-TNF-treatment (P = 0.26,

30000 -

- 20000 -

10000 -

Medium Medium + LPS

40000 -

30000 -

o 20000 -

B.

Medium Medium + LPS

Fig. 2. A, mean serum IL-1 fi levels before (darkly shaded columns) and 24 h
following (lightly shaded columns) TNF in 7 patients treated with 225 Mg/m2.
Peripheral blood mononuclear cells were cultured overnight in media or in media
containing LPS. Changes pretreatment iTrsuj 24 h posttreatment: P = 0.41 and
0.26. respectively. B, effects of peripheral blood mononuclear cell culture super-
natants on IL-1-dependent mouse thymocyte proliferation. Cells were obtained
from 7 patients before (darkly shaded columns) or 24 h follow ing (lightly shaded
columns) treatment with 225 Mg/m! of TNF. Cells were cultured overnight in

media or in media containing LPS. Changes pretreatment versus 24 h posttreat
ment: P = 0.90 and 0.93. respectively. Bars, SD.
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ELISA; P = 0.93, MT assay). Thus, TNF did not affect IL-1
secretion by PBMCs either with or without LPS stimulation.

Indoleamine 2,3-Dioxygenase Activity. Serum tryptophan de
creased in 6 of 7 patients from a mean of 1.52 (range, 0.88-
1.96 mg/dl) to 1.26 mg/dl (range, 0.96-1.85 mg/dl) which was
of borderline statistical significance (P = 0.07) (Fig. 3A). Al
though urinary kynurenine levels did not increase within 24 h
after treatment (pretreatment value: 10.0 Â±5.1 /umol/day;
range, 2.1-29.4 //mol/day; 24 h urinary kynurenine value: 9.7
Â±3.7 ^mol/day). they did increase significantly within 48 h of
treatment in 4 of 5 patients (17.8 Â±8.2 /jmol/day; range, 2.0-
45.9 Mtnol/day) (P = 0.045) (Fig. 3Ã„).

Granulocyte Function

Neutrophil bactericidal activity was assessed in 7 patients
(Table 4). Pretreatment levels were 74.1 Â±2.3 units; posttreat-
ment levels were 76.0 Â±4.7 units (units = % kill) (P = 0.85).

Monocyte Function

HLA-DR and HLA-DQ. Pre- and post-HLA-DR and HLA-
DQ surface antigen expression was measured in 6 patients (Fig.
4A). The percentage of monocytes positive for HLA-DR and
HLA-DQ before therapy was 89.3 Â±3.9% (range, 72.3-96.9)
and 18.7 Â±4.9% (range. 9.5-19.9%), respectively. Following
therapy, the percentage of cells positive for HLA-DR and HLA-
DQ decreased to 87.7 Â±3.4% (range, 79.3-98.3%) and 14.3 Â±
2.6% (range, 5.7-21.9%), respectively (P = 0.71 and 0.34,
respectively).

The fluorescent intensity of cells positive for HLA-DR and
HLA-DQ was 77.7 Â±12.6 (range, 37.8-125.3) and 28.6 Â±11.5
(range, 9.3-82.7), respectively, prior to therapy (Fig. 4B).
Twenty-four h after TNF, these levels had decreased to 63.0 Â±

A. Tryptophan

Table 4 \eutrophil bactericidal assay

Control serum Patient serum

01

B. Urinary Kynurenine

Fig. 3. Mean serum tryptophan levels (.-1)and urinary kynurenine levels (A) in
7 patients treated with 225 /ig/m2 of TNF. Darkly shaded columns, pretreatment;

lightly shaded columns, 24 h posttreatment: open columns, 48 h posttreatment.
Changes: A, pretreatment versus 24 h: P = 0.07; B, pretreatment versus 48 h. P =
0.045. Bars, SD.

Patient1234567Pre-TNF71"785465588375Post-TNF77887866607658Pre-TNF72746674728675Post-TNF79918763768056

" Percent of killing.

13.3 (range, 34.2-125.9) and 27.4 Â±13.5 (range, 7.8-94.3),
respectively (P = 0.22 for HLA-DR and 0.44 for HLA-DQ).

/32-Microglobulin. The percentage of monocytes positive for
surface /j2-rnicroglobulin before and 24 h after therapy was 98.1
Â±1.0% (range, 98.3-99.8%) and 99.3 Â±0.3% (range, 98.2-
100.0%), respectively (P = 0.30) (Fig. 4, A and B). The fluores
cent intensity of these cells increased from 131.2 Â±9.7 (range,
93.6-153.2) to 134.6 Â±18.3 (range, 65.9-178.5). This differ
ence was not statistically significant (P = 0.93).

Monocyte Fc Receptor. The number of Fc receptors/mono-
cyte, measured before and 24 h after the administration of
TNF, was 76,600 Â±17,600 (range, 30,000-142,000) and 71,700
Â±8,700 (range. 41.100-96,500). respectively (P = 0.85) (Fig.

4C%
Neopterin. A 2.9-fold enhancement in the serum neopterin

concentration was observed (P < 0.001 ) (Fig. 4D). Pretreatment
levels ranged from 3.7 to 61.6 nmol/liter (mean, 14.0); post-
treatment levels ranged from 15.4 to 81.4 nmol/liter (mean,
30.0 nmol/liter). All patients assessed showed enhancement.

DISCUSSION

The biological effects of TNF in vitro are pleiotropic and
include induction of proteins, enhancement of effector cell
function, and neutrophil activation. Despite the numerous
Phase I trials of TNF, the biological activity of TNF clinically
has not been well studied. We report here the effect of TNF on
biological response modification in man.

When administered at 225 Mg/m2 three times/week, TNF
significantly enhanced serum ft.-microglobulin, the Tac antigen,
and serum neopterin levels but did not appear to enhance 2-
5A synthetase, granulocyte bactericidal function, IL-1 levels, or
monocyte HLA Class I or II antigen expression or Fc receptor
expression. Enhancement of IDO activity was of borderline
statistical significance.

The increase in serum Tac levels suggests that TNF may be
acting, in part, to activate T-cell function. Consistent with this
observation are reports demonstrating increased expression of
Tac/P70 high affinity IL-2 receptors following exposure of
freshly purified human T-cells or leukemic cell lines to TNF
(18, 34). Further supporting this hypothesis is the observation
in mice that IL-2 and TNF contributed synergistically to in vivo
antitumor responses in a sequence-dependent manner (35). One
possible mechanism for this effect is the increased intracellular
cAMP levels induced by TNF, leading to an increase in surface
Tac expression and subsequent Tac release (36). It is not clear
why in vivo administration of TNF produced no increases in
granulocyte function, since these effects have been described in
vitro following exposure to TNF (25-27).

Neopterin, excreted by human monocytes in response to IFN-
7, has been used as an assay for monocyte activation (37). The
enhancement of serum levels of /32-microglobulin and neopterin
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Fig. 4. Effects of TNF on monocytes in 8
patients treated with 225 >ig/m2 TNF. Darkly

shaded columns, mean pretreatment values;
lightly shaded columns, mean values obtained
24 h posttreatment. A, mean percentage of
monocytes positive for HLA-DR, HLA-DQ,
and ft-microglobulin (b2 micro) (P = 0,71,
0.34, 0.30, respectively). B, mean fluorescent
intensity (MFI) of monocytes positive for
HLA-DR. HLA-DQ, and frmicroglobulin (P
= 0.22, 0.44, 0.93, respectively). C, mean Fe
receptor/monocyte (P = 0.85). D, mean serumneopterin levels "(P < 0.001 ). Bars, SD.
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agree well with results observed in patients receiving TNF as
two i.v. injections 1 week apart (38). TNF has also been shown
to enhance human mononuclear phagocytic function, as evi
denced by phorbol myristate acetate-induced hydrogen peroxide
production, in patients receiving a 2-h i.v. infusion (39). Thus,
TNF may be a potent activator of the monocyte-macrophage

system.
This is the first reported clinical trial of TNF as a single

agent in which the effects of TNF on monocyte Fc receptor and
HLA Class 2 expression were assessed. Other studies have
shown a decrease in natural killer cell activity in patients
receiving TNF (40). Monocyte Fc receptor and HLA Class 2
expression have been examined in a clinical trial evaluating the
combination of TNF and IFN--y (41), in which TNF appeared

to blunt the previously described immunomodulatory effects of
IFN-7 on monocyte H2O2 production and HLA-DR and Fc

receptor expression. The lack of correlation between these in
vivo observations and the potent immunomodulatory effects
that have been seen in vitro, is intriguing. Other cytokines, such
as IFN or interleukin-2, have a broad spectrum of biological
activities that are measurable both in vitro and clinically. The
lack of a detectable enhancement in 2-5A synthetase activity,
HLA expression, and monocyte Fc receptor expression by TNF
suggests that the biological effects of TNF may be schedule or
dose dependent. Alternatively, since transient granulocytopen-

ias and lymphocytopenias were observed, it is possible that
activated cells responding to TNF in vivo may have exited the
circulation to a nonperipheral blood compartment.

Another reason for the discrepancy observed between preclin-
ical and clinical biological activity may be related to differences
in achievable peak serum TNF levels. When administered as a
continuous infusion, serum TNF levels in cancer patients were
undetectable (42), and when administered as a 30-min i.v.
infusion at the MTD of 1 x IO6 units, peak plasma TNF

concentrations reached 200 units/ml (43). In contrast, a single
bolus injection of recombinant human TNF in mice, I x IO5

units/ml, resulted in peak serum TNF levels of 10,000 units/
ml (12, 22).

TNF has been studied clinically using a variety of routes
(i.m., S.C.,and i.v.), schedules, and durations of administration
(42,44-46). In this trial we administered TNF on a three times/

week schedule in order to achieve more continuous drug expo
sure. The toxicities that were seen in this trial were similar to
those reported using other schedules and consisted primarily of
constitutional symptoms such as fever, rigors, anorexia, myal
gias, headache, and nausea.

The MTD of TNF which could be administered as a 30-min
infusion in this trial was 225 /Â¿g/nr.While larger doses may be
administered, the frequency of hypotension increased above
this level. Given the frequency of TNF administration on this
three times/week schedule, we would recommend a dose of
200-225 Mg/m2 together with acetaminophen and normal sa

line. Meperidine as administered in this trial ameliorated but
did not prevent rigors. More intensive treatment with meperi-
dine or other agents which might block rigors might be war
ranted. However, the possibility that such treatments would
potentiate the hypotension indicates that great care must be
taken in administering such agents. Neither dexamethasone nor
ibuprofen reduced the toxicity of TNF administered in this
trial.

Assuming that the measurement of immunological parame
ters in the peripheral blood can be extrapolated to immunolog
ical effects at the level of the tumor cell, these results suggest
that TNF, when administered by this route and schedule, would
not be the agent of choice. TNF, however, has been shown to
have significant antiproliferative effects in vitro and in mouse
models. Moreover, these effects are significantly enhanced by
the addition of other biological (IFN-7, IL-2) (47, 48) and/or

cytotoxic agents (etoposide. cisplatin, doxorubicin). Further
investigation of TNF in combination with other agents may be
warranted after the relevance of in vitro growth inhibition assays
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and biological parameters to clinical responses has been
determined.
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