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Summary. A phase I clinical and pharmacokinetic study of  
recombinant  human tumor necrosis factor ( rH-TNF) was 
conducted in a single dose schedule in 33 patients with 
advanced cancer, rH-TNF was given by i.v. infusion over 
30 rain with a starting dose of  1 x 10 s uni t s /m 2. The dose 
was escalated up to 16 x l0 s uni t s /m 2 according to the 
modified Fibonacci scheme. Toxic effects were similar but 
not identical to those reported with interferons and inter- 
leukin-2, and included fever, rigors, nausea and vomiting 
and anorexia in a non-dose-dependent  manner,  and hy- 
potension, leukocytosis, thrombocytopenia  and transient 
elevation of  transaminases (SGOT and SGPT) in an ap- 
proximately dose-dependent manner. DIC  syndrome was 
observed in one patient who had received 16 x l0 s units/  
m 2. The dose-limiting toxicities were hypotension, throm- 
bocytopenia and hepatotoxicity, and the maximum toler- 
ated dose in a single i.v. infusion of  rH-TNF appeared to 
be 12 x 105 uni ts /m 2 when thrombocytopenia  and elevation 
of  SGOT and SGPT were taken as the dose-limiting toxici- 
ties. However, if hypotension was included, the maximum 
safely tolerated dose appeared to be 5 x 105 uni t s /m 2. 

Introduction 

Tumor  necrosis factor (TNF) was discovered in the sera of  
mice which had been primed with Bacillus Calmette-Gu&- 
in and subsequently challenged with endotoxins [4]. T N F  
has also been obtained from the sera of  similarly treated 
rats, guinea pigs and rabbits, and is known to be associat- 
ed with in vivo and in vitro killing of  tumor cells [4, 12, 15, 
21]. T N F  is also produced by some human cell lines [30]. 
Human T N F  shows the same pattern of  biological activi- 
ties as mouse TNF,  and causes hemorrhagic necrosis of 
TNF-sensitive mouse sarcomas [15, 30]. Recently, the gene 
for human T N F  has been cloned and expressed in Escheri- 
chia coli [16, 22]. The product  of  this expression was isolat- 
ed in pure form and shown to produce hemorrhagic necro- 
sis of  mouse tumors and cause the same pattern of  cyto- 
toxicity as natural T N F  on mouse and human cell lines 
[16, 22, 241. 

We have conducted a phase I study of  a recombinant  
human TNF  (rH-TNF) in patients with advanced cancer 
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as part of  a multi-institutional cooperative study. Since the 
present study was the first clinical trial of  TNF  in the 
world, we initiated the study in a single-dose schedule. The 
purpose of  the study was to evaluate the safety of  clinical 
administration of  rH-TNF and to determine the dose-lim- 
iting toxicity and the maximum tolerated dose (MTD) of  
rH-TNF administered as a single dose. Pharmacokinetic 
studies were also conducted. 

Patients and methods 

Patients. Patients with histologically confirmed malignan- 
cy which had become refractory to conventional therapies 
were considered eligible for this study after they had given 
informed consent. Patients had received no anticancer 
treatment for at least 4 weeks before entering the study. 
Patients were required to have a performance status (PS) 
of  0 - 3  according to the Eastern Cooperative Onto logy  
Group criteria [31] and to have adequate blood cell counts 
(leukocyte > 3000/ram 3, platelets > 75 000/rnm 3) and ade- 
quate renal (BUN < 25 mg/dl) ,  hapatic (SGOT and SGPT 
< 2-fold of  normal values, bilirubin _< 3 mg/dl )  and car- 
diovascular function. 

Treatment plans, rH-TNF was supplied by Asahi Chemical 
Industry Co., Ltd, Tokyo, The rH-TNF (PAC-4D) was 
produced in Escherichia coli which expressed the gene en- 
coding human T N F  that had been identified in a human 
genomic D N A  library by using a cloned c D N A  encoding 
a portion of  rabbit T N F  as a probe [22]. The rH-TNF con- 
sists of  155 amino acids, and its molecular weight is 17000. 
It is over 99% pure and has a specific activity of  2.2 x l 0  6 

uni ts /mg protein. The unit was designated as the recipro- 
cal of  dilution which killed 50% of  L-M cells (ATCC 
CCL1.2). rH-TNF was administered in a single-dose 
schedule on day 0 only. r H - T N F  was dissolved in 100 ml 
saline and infused i.v. in 30 min. The preclinical toxicolo- 
gy data in mice ( L D 1 0  = 8.1 × 105 uni ts /m 2 by a single in- 
jection) and the fact that this study was the first human 
trial o f  T N F  were considered in calculation of  the safe 
starting dose for a phase I study, which we decided was 
around 1 x 105 uni ts /m 2. The dose was escalated to 2, 3, 5, 
7, 9, 12 and 16 x 105 uni t s /m 2 according to the modified 
Fibonacci scheme. Three patients were registered at each 
dose level. One or two more patients were studied when 
unacceptable toxicities were observed at a given dose 
level. A prick skin test was performed with the dissolved 
rH-TNF before the infusion to avoid a possible allergic 
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reaction to the rH-TNF preparation. Patients were re- 
moved from the study when toxic effects were unaccept- 
able. The study was terminated when the MTD was es- 
tablished. 

Study parameters. All patients were hospitalized and mon- 
itored closely for evidence of acute and delayed toxic ef- 
fects. During and after the rH-TNF infusion, vital signs, 
including temperature, heart rate, respiration, and blood 
pressure, were frequently monitored at 30 min and at 1, 2, 
4, 8 and 24 h after the start of infusion. Laboratory studies 
included blood cell counts, chemistry panels and urinaly- 
sis on day 0, day 1, day 2, day 3, day 7, day 14 and day 21. 
Occasional ECG and chest X-ray examinations were per- 
formed if indicated. 

Pharmacokinetic studies and assay of anti-rH-TNF anti- 
body. Heparinized blood was collected 0.5, 1, 2, 3, 4 and 
8 h after the rH-TNF infusion. The rH-TNF level of plas- 
ma was measured by an enzyme-linked immunosorbent  
assay (ELISA) using two different mouse an t i - rH-TNF 
monoclonal  antibodies according to the method described 
by Hayashi et al. [9] with slight modification. In  short, first 
an t i - rH-TNF monoclonal  ant ibody (II7C2) was immobi-  
lized in the wells of a 96-well microplate. After the wash- 
ing away of excess antibody, test samples were added to 
the wells and kept at 4 ° C overnight. After another wash- 
ing, a second peroxidase-conjugated antibody (IV3E5) was 
added and kept at 25°C for 6 h. Finally, a substrate so- 
lution (or thophenylenediamine and hydrogen peroxide) 
was added, and the plate was incubated for 15 min at 
25 ° C. The reaction product was measured at 492 nm by an 
ELISA reader. The detection limit of this assay was 0.2 
un i t /m l  of rH-TNF.  

Antibody to rH-TNF was tested by a competitive 
ELISA method. The procedure was the same as for the 

Table 1. Patient characteristics 

Characteristic No. of patients 

Total registered 33 
Total in study 31 
Total evaluated for acute toxicities 28 
Total evaluated for laboratory data 27 
Male/female 16/12 

Age (years): Median 54 
Range 25 - 74 

PSa: 0 5 
1 5 
2 11 
3 7 

Primary cancer 
Lung 7 
Gastric 6 
Colon 4 
Breast 3 
Ovarin 3 
Liver 2 
Esophagus 1 

Metastatic cancer with primary unknown 2 

a Eastern Cooperative Oncology Group criteria [31] 

above ELISA, except that 100 un i t s /ml  of rH-TNF was 
added for 90 min at 25 ° C and washed before application 
of the test samples. IgE levels were also measured in the 
same samples. 

R e s u l t s  

During the 4-month period starting in April, 1985, in all 33 
patients from 13 university and cancer hospitals in Japan 
were enrolled in this study. Two patients, however, did not 

Table 2. Toxic effects of a single-dose rH-TNF administration 

Dose of rH-TNF (x 10 5 units/m 2) Total (%) 

1 2 3 5 7 9 12 16 

No. of 
evaluable cases 2 2 3 ~ 5 5 4 3 4 28 d 

Fever (> 38 ° C) 1 1 3 3 4 3 2 2 19 (67.9%) 
Rigors 2 1 3 5 2 2 3 2 20 (71.4%) 
Fatigue 1 0 1 3 3 2 1 2 13 (46.4%) 
Anorexia 1 0 1 2 3 0 2 2 11 (39.3%) 
Nausea-vomiting 0 1 1 2 2 1 0 2 9 (32.1%) 
Hypertension a 0 1 2 0 1 0 0 1 5 (17.9%) 
Hypotension b 0 0 0 1 2 1 1 2 7 (25.0%) 
Diarrhea 0 0 0 0 0 1 0 1 2 (7.1%) 

Increase of leukocyte count 
> 3000/mm 3 0 0 1 1 3 3 2 4 14 (51.9%) 
>_ 10000/mm 3 0 0 0 0 3 2 1 2 8 (29.6%) 
Thrombocytopenia c 0 0 0 0 0 0 1 3 4 (14.8%) 
SGOT/SGPT elevation 0 0 0 1 3 3 2 2 11 (40.7%) 
BUN elevation 0 0 0 0 0 0 0 1 1 (3.7%) 

a Elevation of systolic blood pressure of more than 40 mmHg 
b Drop of systolic blood pressure of more than 40 mmHg 
c More than 100 000/mm 3 decrease of platelet counts, or more than 50 000/mm 3 decrease to below 100 00/mm 3 
d One patient did nor receive the full dose because of severe rigors and hypertension. This patient's data were excluded from the eval- 
uation; laboratory data were thus evaluated for 27 patients 



receive rH-TNF,  one because of  an asthma at tack and the 
other because o f  a deter iora t ion of  per formance  status to 4 
just  pr ior  to adminis t ra t ion.  Therefore,  31 patients in fact 
entered the study. The characterist ics of  these pat ients  are 
detai led in Table 1. All  pat ients  were moni tored  in hospi-  
tals during the study period.  Two patients were given anti- 
cancer  drugs concomi tan t ly  and one pat ient  was given 
three consecutive dai ly  doses instead of  a single dose on 
day  0. These three patients were excluded from the evalu- 
ation. In one patient ,  r H - T N F  infusion was discont inued 
about  15 min after the start because of  severe rigors and  
hypertension.  This pat ients '  da ta  were excluded from the 
labora tory  da ta  evaluat ion,  but  included in the evaluat ion 
of  immedia te  side effects. Thus, 28 patients were evaluable  
for immedia te  side effects and  27 for l abora tory  data. 
There were 16 men and 12 women,  their ages ranging from 
25 to 74 with a median  of  54. 

Fever and rigors 

Fever  of  38 ° C or  more  was seen in 19 patients ,  8 of  whom 
had fever of  39 ° C or more. It appeared  2 0 - 6 0  min after 
the start of  infusion and lasted for 8 - 2 4  h. Low-grade  
fever lower than 38°C was noted in another  8 patients.  
Owing to severe rigors and  high fever, p remedica t ion  with 
antipyretics,  such as indomethac in  and aspirin,  were al- 
lowed to be used with doses of  7 x 105 un i t s /m  2 or more 
(Table 2). Therefore,  the true incidence of  fever might be 
higher than observed. Fever  of  38 ° C or more  was seen in 
11 out of  16 pat ients  who had  received premedica t ion  with 
indomethac in  a n d / o r  aspirin.  Tempera ture  elevations to 
over  40 ° C however,  were not  seen. The fever responded  to 
antipyret ics  fair ly well. 

Rigors were seen in 20 patients.  They appea red  15-30 
rain after the start of  infusion and d i sappeared  within 1 h. 
This usually occurred concomitant ly  with tempera ture  ele- 
vat ion,  though it p receded  fever in some cases, and  it was 
often accompan ied  by  myalgia  and arthralgia.  

Nausea  and vomit ing were noted in 9 pat ients  and an- 
orexia,  in 11 patients.  Their  symptoms resolved spontane-  
ously within 24 h. Diar rhea  was noted in 2 patients.  

Changes in blood pressure 

Transient  elevation fol lowed by a drop  in b lood  pressure 
was seen in the major i ty  of  pat ients  in an approx imate ly  
dose-dependent  manner  (Table 2; Fig. 1). The pressure 
rose by 3 0 - 6 0  min after the start  of  the r H - T N F  infusion 
and d ropped  gradual ly  afterwards.  The nad i r  was seen 
2 - 8  h after the start of  infusion, and  then the pressure 
gradual ly  re turned to the pre t reatment  levels within 24 h. 
Elevat ions in systolic pressure of  more than 20 mmHg and 
40 m m H g  were observed in 14 and 5 patients ,  respectively. 
Drops  in systolic pressure by more  than 20 m m H g  and 
40 m m H g  were noted in 18 and 7 patients,  respectively. 
Drops  of  more than 40 m m H g  were noted in patients who 
received 5 x l0 s un i t s /m  2 or  more.  In  4 pat ients  (1 receiving 
9 x I0 s un i t s /m  2, 1 receiving 12 x 105 un i t s /m  2 and 2 receiv- 
ing 16x105 units/m2),  systolic pressure fell below 
80 mmHg.  The pressure recovered gradual ly  usual ly with- 
in 12 h. Dopamine  and steroid hormones  d id  not  seem to 
reverse the b lood  pressure quickly. Since most  pat ients  re- 
ma ined  supine during the first 24 h, especial ly when they 
had severe hypotens ion,  no accident  a t t r ibutable  to the hy- 
potens ion was encountered.  
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Fig. 1. Change of systolic blood pressure after rH-TNF infusion. 
Mean systolic blood pressure of the patients at each dose level is 
shown 
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Fig. 2. Change of leukocyte counts after rH-TNF administration. 
Mean leukocyte counts of the patients at each dose level of rH- 
TNF are shown 

Hematological changes 

Transient  increases in leukocyte count  of  more  than 
3000/mm 3 and 10000/ram 3 were seen in 14 and 8 patients,  
respectively,  in an approx imate ly  dose-dependent  manner ,  
and  were p rominen t  in pat ients  who received 7 x 105 un i t s /  
m 2 or more. Of the 16 pat ients  in this group , 12 had an 
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increase of  more than 3000/ram 3. The increase was 
greatest on day 1, and counts returned to the pretreatment 
levels on day 3 (Fig. 2). The highest increase was 
21700/mm 3. Neutrophilia was the main feature. 

Platelet counts often fell in patients who received 
7 x 105 uni ts /m 2 or more, in an approximately dose-de- 
pendent  manner (Fig. 3). Decreases of  more than 
100000/ram 3 in platelet counts or of  more than 
50000/mm 3 to below 100000/mm 3 were encountered in 4 
out of  7 patients who had received 12 × 105 uni ts /m 2 or 
more. In one patient who received 12 x 105 uni ts /m 2, the 
platelet count dropped from 334 × 103/mm 3 to 
165 x 103/mm 3 on day 3. In another patient who received 
16x105 uni ts /m z, the platelet count dropped from 
108 × 103/ram 3 to 47 x 103/mm 3 on day 2. In the third pa- 
tient who received 16x105 uni t s /m 2, platelet count 
dropped from 279 x 103/mm 3 to 127 x 103/mm 3 on day 3. 
In the fourth patient who received 16 x 105 uni ts /m 2, the 
platelet count dropped from 227 × 103/ram 3 to 
129x 103/mm 3 on day 1, 9 x  103/ram 3 on day 3 and 
8 x 103/mm 3 on day 5. In the last case, fibrinogen was 355, 
160 and 300 mg/d l  and FDP was 12.5, 23.7 and 4.2 ktg/ml 
on days 3, 5, and 7, respectively. Disseminated intravascu- 
lar coagulation (DIC) syndrome was diagnosed in this pa- 
tient, who was treated with a serine proteinase inhibitor, 
gabexate mesilate. No major bleeding tendency was seen 
in these patients. Platelets recovered to the pretreatment 
values on day 7 in all cases. Although they did not fall be- 
low 100000/mm 3, drops in platelet counts by more than 
50000/mm 3 were noted in another 5 patients who had re- 
ceived 7 × 105 uni t s /m 2 or more. On the other hand, in- 
creases in platelet counts by more than 50000/ram 3 were 
observed in 3 patients. No abnormality of  erythrocyte 
counts or hemoglobin levels was observed. 

Abnormalities of hepatic and renal function tests 

Transient elevation of  SGOT and SGPT was observed in 
an approximately dose-dependent manner in 11 and 9 pa- 
tients, respectively, who received 7 x I05 uni t s /m 2 or more 
o f  rH-TNF. Elevation of  SGOT (Fig. 4) tended to be more 
pronounced than that of  SGPT. The elevation was highest 
on day 1 and returned to the pretreatment levels between 
day 3 and day 7 in most cases. Mild elevation of  total bili- 
rubin was noted in 7 patients who received 7 × 105 uni ts /m 2 
or more. It also returned to the pretreatment levels be- 
tween day 3 and day 5. Elevation of  BUN was noted in 1 
patient who received 16 x 105 uni ts /m 2 (from 25 to 41 m g /  
dl) with concomitant elevation o f  creatinine (from 0.9 to 
2.1 mg/dl).  Both returned to the pretreatment levels on 
day 5. 

Other toxieities 

Fatigue was noted in 13 patients. Palpitations were com- 
plained of  by 11 patients. Chest pain and dyspnea were 
noted in 1 patient. Headache was reported by 2 patients. 

Pharmaeokinetie studies 

Plasma levels of  rH-TNF were measured following the 
30-min infusion of  rH-TNF (Fig. 5). The level was highest 
at the end of  the infusion, in a dose-dependent manner, 
and decreased over 8 h. The mean highest plasma levels of  
a group of  patients who had received 1, 2, 3, 5, 7, 9, 12 and 
16 × 105 uni ts /m 2 rH-TNF were 4.8, 21.6, 62.4, 109.4, 181.2, 
204, 527.7, and 896 units/ml,  respectively. The plasma 
half-life tended to be longer in the cases that received the 
higher doses, and was approximately 10, 17, 26, 43, 86, 55, 
48, and 80 rain at doses of  1, 2, 3, 5, 7, 9, 12, and 16 x l0 s 
uni ts /m 2, respectively. 
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Fig. 5. Plasma rH-TNF levels after rH-TNF infusion. Mean plas- 
ma levels of rH-TNF in the patients after 30-min infusion at each 
dose level of rH-TNF are shown 

Antibodies to rH-TNF and IgE level 

Antibody to rH-TNF was tested in all patients weekly for 
4 weeks. Antibody to r H - T N F  was not detected in any 
patient. The levels of  IgE showed no change during this 
period. 

Antitumor effect 

No antitumor effect was seen in the present study. 

Discussion 

The cloning of  the gene for human T N F  and resultant re- 
combinant  technology have permitted the production of  
rH-TNF in large quantities for clinical use [16, 22]. This 
paper has described the first phase I clinical study of  one 
of  the rH-TNF thus produced, r H - T N F  has been shown to 
exert the same biological activities as natural T N F  [16, 22, 
24]. Initially T N F  was reported not to affect normal or 
non-transformed cells. Recently, however, several investi- 
gators have reported that T N F  shows cytotoxic activities 
against certain subpopulations of  normal mouse and hu- 
man lymphocytes [17, 28], and that T N F  reveals suppres- 
sive effects on human hematopoietic stem cells [7, 13]. 
Thus, clinical administration of  rH-TNF should have been 
conducted with close monitoring for possible effects on 
normal cells. Moreover,  since, to the best of  our knowl- 
edge, this study was the first clinical trial of  T N F  when we 
started, the greatest care was taken to evaluate the safety of  
this rH-TNF.  Therefore, we initiated this phase I study in a 
single-dose schedule, although we were aware of  that other 
cytokines, such as interferons, require a considerable peri- 
od of  administration to show their effectiveness. 

The clinical and laboratory toxic effects of  rH-TNF 
were similar but not identical to those previously reported 
with other cytokines, such as interferons [8, 14, 23] and in- 
terleukin-2 [20, 26]. The most frequently observed side el- 
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fects were such flu-like symptoms as rigors, fever, fatigue 
and myalgia. These side effects were observed in virtually 
all patients and were largely not dose-dependent. As rigor 
was frequent and severe, antipyretics such as indometha- 
cin and aspirin were allowed to be used as premedication 
soon after the initiation of  study, and all patients given 
7 x 105 uni ts /m 2 rH-TNF or more received this premedica- 
tion. Therefore, the incidence of  fever with body tempera- 
ture of  38 ° C or more might have been higher had the pre- 
medications not been given. This may also be true for the 
incidence of  rigors. Hypotension was another common 
side effect. Although this side effect has occasionally been 
observed during studies of  interferons [6, 18, 191, and espe- 
cially of  gamma-interferon [29], it was apparently more 
common and severe in this study of  rH-TNF,  occurring in 
an approximately dose-dependent manner,  and was one of  
the dose-limiting toxicities of  this drug. A fall in systolic 
pressure by more than 40 m m H g  was seen in 7 patients, 6 
of  whom received 7 x 105 uni ts /m 2 or more of  rH-TNF.  In 
4 patients, systolic pressure fell below 80 mmHg. Transient 
hypertension usually preceded hypotension. Therefore, va- 
soconstriction probably occurred prior to vasodilatation. 
The hypotension was maximal 2 - 8  h after the start of  infu- 
sion, and pressure recovered to pretreatment levels within 
24 h. 

Decreases in platelet counts were encountered in pa- 
tients who received 7 x 105 uni ts /m 2 or more of  rH-TNF;  
these occurred in an approximately dose-dependent man- 
ner, and were marked in patients who had received 
16 x l0 s uni ts /m 2. Thrombocytopenia  appeared on day 1, 
with the nadir on days 3 -5 ,  and counts recovered to the 
pretreatment levels on day 7. In 1 patient who received 
16 x 105 uni ts /m 2, the platelet count fell from 227 x 103 
/ m m  3 to 8 x 103/mm 3 on day 5, with a concomitant  drop in 
fibrinogen and the appearance of  FDP. In this case DIC 
syndrome was suspected and a serine proteinase inhibitor 
was given successfully. This episode, and especially its 
abrupt development, suggested that the thrombocytopenia  
was probably due to consumption of  platelets rather than 
to myelosuppression. 

Transient elevation of  SGOT and SGPT was observed 
in 11 and 9 patients, respectively, who had received 7 x 105 
uni t s /m 2 or more of  rH-TNF,  and it arose in an almost 
dose-dependent manner. Since mild elevation of  total bil- 
irubin was noted in 7 of  these patients, the transaminases 
were thought to derive from liver. However, since eleva- 
tion of  SGOT tended to be more pronounced than that of  
SGPT, they might have also derived from other organs. 

All these toxic effects of  rH-TNF have also been re- 
ported by other clinical study groups, whether they have 
used rH-TNF from a different source or from the same 
source as ourselves [3, 5, 11, 25, 271. In the present study, 
the dose-limiting toxicities of  rH-TNF were hypotension, 
thrombocytopenia,  and elevation of  SGOT and SGPT. 
The maximum tolerated dose of  a single 30-rain infusion 
of  rH-TNF appears to be 12 x 105 uni ts /m 2 if thrombocyto-  
penia and the elevation of  SGOT and SGPT are taken as 
the dose-limiting toxicities. However, if hypotension is al- 
so considered to be dose-limiting, the maximum safely to- 
lerated dose seems to be 5 x 105 uni t s /m 2. Since our recent 
experience suggests that hypotension can be prevented by 
premedication with ketoprofen, this side effect may not 
become a dose-limiting toxicity if appropriate preventive 
medication is applied. 
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Pharmacokinetic study revealed relatively slow plasma 
clearance of rH-TNF,  especially at the higher doses. The 
peak plasma level of rH-TNF attained after the adminis- 
tration of 1 x 105 un i t s /m  2 or more of rH-TNF was high 
enough to be cytotoxic to TNF-sensit ive human  tumor cell 
lines such as PC-10, THP-1, KYM-1 and BT-20 in vitro, in 
which 50% growth inhibi t ion was seen at less than 1 un i t /  
ml of the rH-TNF used in the present study [10]. Since 
other cytokines, such as interferons, are effective only 
when administered for a considerable period, further 
phase I study of r H - T N F  should be carried out with daily, 
every-other-day, or weekly schedules, and with other ad- 
ministration methods, such as continuous or 3- to 5-h i.v. 
infusion. We are currently conducting another phase I 
study of rH-TNF with administrat ion daily for 5 days. 

Recently, Beutler et al. reported an identity of T N F  
and  a monokine,  cachectin, which caused cachexia and 
was one of the principal  mediators of the lethal effects of 
endotoxins [1, 2]. Therefore, on the basis of these authors'  
findings and the results of the present phase I study, fur- 
ther clinical administrat ion of rH-TNF should be conduct- 
ed with great care, in spite of the promising effects of rH- 
T N F  as an anticancer drug. 

References 

1. Beutler B, Greenwald D, Hulmes JD, Chang M, Pan YCE, 
Mathison J, Cerami A (1985a) Identity of tumour necrosis 
factor and the macrophage-secreted factor cachectin. Nature 
316:552-554 

2. Beutler B, Millsark IW, Cerami AC (1985b) Passive immuni- 
zation against cachectin/tumor necrosis factor protects mice 
from lethal effect of endotoxin. Science 229:869-871 

3. Blick MB, Sherwin SA, Rosenblum MG, Gutterman JU 
(t986) A phase I trial of recombinant tumor necrosis factor 
(rTNF) in cancer patients. Proc Soc Clin Oncol 5:14 

4. Carswell EA, Old LJ, Kassel RL, Green S, Fiore N (1975) An 
endotoxin-induced serum factor that causes necrosis of tu- 
mors. Proc Natl Acad Sci USA 72:3666-3670 

5. Chapman PB, Lester TJ, Casper ES, Gabrilove JL, Kempin S, 
Welt S, Sherwin S, Old LJ, Oettgen HF (1986) Phase I study 
of recombinant tumor necrosis factor (rTNF). Proc Am Soc 
Clin Oncol 5:231 

6. Conners JM, Silver HKB (1984) Phase I study of weekly high- 
dose human lymphoblastoid interferon. Cancer Treat Rep 68 : 
1092-1096 

7. Degliantoni G, Murphy M, Kobayashi M, Francis MK, Per- 
ussia B, Trichieri G (1985) Natural killer (NK) cell-derived 
hematopoietic colony-inhibiting activity and NK cytotoxic 
factor. J Exp Med 162:1512-1530 

8. Gutterman JU, Seymour F, Quesada J, Horning SJ, Levine 
JF, Alexanian R, Bernhardt L, Kramer M, Spiegel H, Col- 
burn W, Trown P, Merigan T, Dzienwanowski Z (1982) Rec- 
ombinant leukocyte A interferon: pharmacokinetics, single- 
dose tolerance, and biologic effects in cancer patients. Ann 
Intern Med 96:549-556 

9. Hayashi H, Kiyota T, Sakamoto H, Seto M (1986a) An en- 
zyme-linked immunosorbent assay for recombinant human 
tumor necrosis factor using monoclonal antibody. In: Ishiga- 
mi J (ed) Recent advance in chemotherapy. Anticancer sec- 
tion 2. University of Tokyo Press, Tokyo, pp 820-821 

10. Hayashi H, Oishi J, Hori K, Maeda N (1986b) Biological ac- 
tivities of recombinant human tumor necrosis factor. In: Ishi- 
gami J (ed) Recent advance in chemotherapy. Anticancer sec- 
tion 2. University of Tokyo Press, Tokyo, pp 818-819 

11. Khan A, Pardue A, Aleman C, Dickson J, Pichyangkul S, Hill 
JM, Hilario R, Hill NO (1986) Phase I clinical trial with re- 

combinant tumor necrosis factor (TNF). Proc Am Soc Clin 
Oncol 5:226 

12. Matthews N, Watkins JF (1978) Tumor-necrosis factor from 
the rabbit: I. Mode of action, specificity and physiochemical 
properties. Br J Cancer 38 : 302-309 

13. Murase T, Hotta T, Saito H, Ohno R (1987) Effect of recom- 
binant human tumor necrosis factor on the colony growth of 
human leukemia progenitor cells and normal hematopoietic 
progenitor cells. Blood 69:467-472 

14. Ohno R, Kimura K, Amaki I, Imamura Y, Masaoka T, Miya- 
zaki T, Yoshida Y, Miura Y, Maekawa T, Oguro M, Takaku 
F, Miwa S, Osamura S, Mizoguchi H, Nomura T, Shimoyama 
M, Sakai Y, Ohta K, Hattori K, Uchino H, Yamada K (1985) 
Treatment of multiple myeloma with recombinant human leu- 
kocyte A interferon. Cancer Treat Rep 69: 1433-1436 

15. Old LJ (1985) Tumor necrosis factor. Science 230:630-632 
16. Pennica D, Nedwin GE, Hayflick JS, Seeburg PH, Derynck 

R, Palladino MA, Kohr WJ, Aggarwal BB, Goeddel DV 
(1984) Human tumour necrosis factor: precursor structure, ex- 
pression and homology to lymphotoxin. Nature 312:724-729 

17. Playfair JHL, de Souza JB, Taverne J (1982) Endotoxin-in- 
duced "tumor-necrosis serum" kills a subpopulation of nor- 
mal lymphocytes in vitro. Clin Exp Immunol 47:753-755 

18. Quesada JR, Talpaz M, Rios A, Kurzrock R, Gutterman JU 
(1986) Clinical toxicity of interferons in cancer patients. J 
Clin Oncol 4:234-243 

19. Rohatiner AZS, Balkwill FR, Griffin DB, Malpas JS, Lister 
TA (1982) A phase I study of human lymphoblastoid interfer- 
on administered by continuous intravenous infusion. Cancer 
Chemother Pharmacol 9: 97-102 

20. Rosenberg SA, Lotze MT, Muul L, Leitman S, Chang AE, Et- 
tinghausen SE, Matory YL, Skibber JM, Shironi E, Vetto JT, 
Seipp CA, Simpson C, Reichert CM (1985) Observation on 
the systemic administration on autologous lymphokine-acti- 
vated killer cells and recombinant interleukin-2 to patients 
with metastatic cancer. N Engl J Med 313:1485-1492 

21. Ruff MR, Gifford GE (1981) Rabbit tumor necrosis factor: 
mechanism of action. Infect Immun 31:380-385 

22. Shirai T, Yamaguchi H, Ito H, Todd CW, Wallace RB (1985) 
Cloning and expression in Escherichia eoli of the gene for hu- 
man tumor necrosis factor. Nature 313:803-806 

23. Strander H, Cantell K, Carlstrom G, Jakobsson PA (1973) 
Clinical and laboratory investigations on man: systemic ad- 
ministration of potent interferon to man. J Natl Cancer Inst 
51 : 733-742 

24. Sugarman BJ, Aggarwall BB, Hass PE, Figari PE, Palladino 
MA Jr, Shepard HM (1985) Recombinant human tumor ne- 
crosis factor: Effect of proliferation of normal and trans- 
formed cells in vitro. Science 230:943-945 

25. Taguchi T, Shiratori T, Kodama M, Takahashi T, Okajima K, 
Mori T, Mogami H, Ono K, Yoshikawa K, Sakai K, Terasa- 
wa T, Masaoka T, Kotake T, Tsubura E, Yasutomi M, Shi- 
moyama T, Okamoto E, Yasutake K, Irie K, Ikeda S, Aka- 
hoshi Y, Mori S, Matsunaka M (1986a) Clinical studies of 
recombinant human tumor necrosis factor (rHu-TNF: PT- 
050). Abstracts of the 14th International Cancer Congress, 
Budapest 1986, vol 3, p 1159 

26. Taguchi T, Urushizaki I, Wakui A, Koyama Y, Saito T, Niiji- 
ma T, Takakura K, Izuo M, Ikeda S, Kondo T, Kimura K, 
Ohta K, Akaboshi Y, Ogura T, and Hattori T (1986b) Phase I 
trial of recombinant interleukin-2 (TGP-3): In: Ishigami J 
(ed) Recent advance in chemotherapy. Anticancer section 2. 
University of Tokyo Press, Tokyo, pp 804-805 

27. Tanneberger ST, Milleck J, Miiller U, Giirtler R (1986) Pre- 
liminary results with the application of recombinant human 
tumor necrosis factor (rH-TNF) in cancer patients. Abstracts 
of the 14th International Cancer Congress, Budapest 1986, 
vol 3, p 1159 

28. Umeda T, Hara T, Niijima T (1983) Cytotoxic effect of tumor 
necrosis factor on human lymphocytes and specific binding of 
the factor to the target cells. Cell Mol Biol 29:349-352 



229 

29. Vadhan-Raj S, A1-Katib A, Bhalla R, Pelus L, Nathan CF, 
Sherwin SA, Oettgen HF, Krown SE (1986) Phase I trial of 
recombinant interferon gamma in cancer patients. J Clin On- 
col 4:137-146 

30. Williamson BD, Carswell EA, Rubin BY, Prendergast JS, Old 
LJ (1983) Human tumor necrosis factor produced by human 
B-cell lines: synergestic cytotoxic interaction with interferon. 
Proc Natl Acad Sci USA 80:5397-5401 

31. Zuhrod CG, Sneiderman M, Frei E III, Bridley C, Gold L, 
Schneider B, Oviedo R, Gorman J, Jones R Jr, Johnson U, 

Colsky J, Chalmers T, Ferguson B, Dedrick M, Holland J, Se- 
lawry Q, Regelson W, Lasagna L, Owens AH Jr (1960) Ap- 
praisal of methods for the study of chemotherapy of cancer in 
man: comparative therapeutic trial of nitrogen mustard and 
triethylene thiophosphamide. J Chron Dis 11 : 7-33 

Received May 12, 1987/Accepted June 25, 1987 


