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Abstract-Fourteen patients with different advanced solid tumors were treated by intratumoral 
application of recombinant human tumor necrosis factor alpha. In five patients, local tumor 
regression occurred. However, the duration of response was short, implying a rapid development 
of resistance to rTNF-alpha application. The main clinical side-effects, including chills, fever, 
anorexia andfatigue, were similar to systemic rTNF-alpha treatment. Cardiovascular, pulmonary 
or metabolic toxicities were not observed, This study demonstrates that a high concentration of 
rTNF-alpha at the tumor site has the potential to induce local tumor regressions and, therefore, 
seems more reasonable for further clinical investigations, especially in combination with other 
cytokines. 

INTRODUCTION 
TUMOR necrosis factor alpha (TNF-alpha), a cyto- 
kine predominantly produced by activated macro- 
phages, exerts pleiotropic biological activities in 
normal and malignant human tissue [l-4]. Its 
cytostatic and cytolytic potential against malignant 
cells in vitro and in vivo [5, 61 created much interest 
in this cytokine for use as antitumoral substance in 
humans. Following purification and cloning of the 
human gene for TNF-alpha [7, 81, sufficient 
amounts of recombinant TNF-alpha are now avail- 
able for conducting clinical trials. So far, phase 
I trials in patients with advanced malignancies 
receiving rTNF-alpha either i.v., i.m. or s.c. 
revealed only a low incidence of tumor responses 
[9-l 11. We here report our experience from a 
clinical trial ofrTNF-alpha administered as intratu- 
moral injections in patients with different advanced 
solid tumors. 
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MATERIALS AND METHODS 

Patient characteristics 
Fourteen patients were included in this trial after 

informed consent was obtained. Only patients with 
palpable, histologically proven malignant tumor, 
who had failed previous standard antitumor ther- 
apies, were eligible for the study. Patient character- 
istics are summarized in Table 1. The main 
exclusion criteria were the existence ofCNS metast- 
ases, respiratory insufficiency with VC and/or FeV 1 
< 70% of predictive value, significant cardiac dis- 
ease (NYHA II-IV), serious infections, pregnant 
and lactating women, patients with known history 
of allergic reactions, hemorrhagic diathesis or lipo- 
protein disorders. 

Material and treatment schedule 
Recombinant TNF-alpha was produced by 

Genentech, San Francisco, U.S.A., and kindly pro- 
vided by Thomae GmbH, Biberach/Riss, F.R.G. 
The specific activity was 4 x 10’ U/mg protein as 
defined by an in vitro cytotoxicity assay on actinomy- 
tin D treated mouse L929 cells [ 121. Purity was 
>99% as detected by HPLC and isoelectric focuss- 
ing. Endotoxin content was Cl ng/mg of protein 
(limulus test). Patients received rTNF-alpha intra- 
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Table 1. Patient characteristics 

No. Age Sex Diagnosis 
rTNF-alpha Applications/ Total No. of 

Pretreatment dose week applications Response Present status 

1 31 f 
2 62 m 
3 16 m 
4 52 f 
5 56 f 
6 54 f 
7 57 f 
8 59 m 

9 63 f 
10 61 m 
11 47 f 
12 54 m 
13 37 m 
14 67 m 

Melanoma 
Adenoca., lung 
Chondrosarcoma 
Adenoca., colon 
Breast ca. 
Liposarcoma 
Melanoma 
Squamous cell 

ca., oropharynx 
Mucoepidermoid ca. 
SSLC 
Breast ca. 
Histiocytoma 
Melanoma 
Osteosarcoma 

S, BT 25 
S 50 
S, CHT 50 
S, CHT 50 
S, CHT, HT, RT 75 
S, CHT 75 
S, CHT 100 
S, CHT, RT 100 

S 100 
S, CHT, RT 100 
S, CHT, HT, RT 150 
S, CHT, RT 150 
S, CHT 200 
S 300 

2 
3 
2 
3 
2 
3 

5 
10 
8 

22 
6 

10 
4 

9 NC Alive 
10 NC Died of disease 
19 PD Died of disease 
32 PR Alive 
40 PR Alive 
24 MR Alive 

NC Alive 
MR Died of disease 
PD Alive 
PD Alive 
PD Died of disease 
PD Died of disease 
PD Alive 
PR Died of disease 

S = surgery; BT = biological therapy; HT = hormone therapy; RT = radiotherapy; CHT = chemotherapy, 

tumoral l-3 x week, depending on the degree of 
local inflammation, for at least 4 weeks. Doses were 
escalated in different patients starting from 25 to 
300 pg per injection. Physical examination, docu- 
mentation of constitutional symptoms and vital 
signs as well as complete blood count, whole blood 
chemistry and coagulation profile were performed 
weekly. Rhotodocumentation of the tumor site and 
assessment ofresponse, according to UICC criteria, 
was done at 4 week intervals. Local and systemic 
toxicity was documented for each rTNF-alpha injec- 
tion and classified according to the WHO toxicity 
scale. 

RESULTS 

Response to intratumoral rTNF-alpha therapy 
PR was achieved in three patients, MR in two 

patients, and stable disease in three patients. All 
responses were restricted to the site of TNF appli- 
cation. In patient 8, a remarkable decrease of the 
palpable tumor mass was seen after three injections 
of rTNF-alpha. Due to the clinical side-effects of 
rTNF-alpha therapy, the patient refused further 
treatment after a total of five injections and sub- 
sequent tumor growth was found. Patient 12 had 
undergone 4 X surgical removement, intensive 
chemotherapy and radiotherapy of an exophytic 
growing malignant histiocytoma located on the back 
(Fig. 1). After 3 weeks of rTNF-alpha treatment, 
the tumor necrotized and the skin lesion began to 
heal (Fig. 2). However, after 12 weeks of therapy, 
tumor growth was noted again and rTNF-alpha 
applications were discontinued. Patient 13 with a 
large tumor mass of malignant melanoma at the 
right upper chest not amenable to surgical treatment 
had received locoregional chemotherapy, without 
response. After 4 weeks of rTNF-alpha treatment, 
the tumor mass was not further palpable, the lym- 
phedema of the right arm resolved completely, 
although a CT scan still demonstrated residual 
tumor within the pectoralis muscle. In two patients 

(2 and 14), the local regression of the tumor was 
350%, but the size of pulmonary metastases did 
not change and, therefore, these patients did not 
qualify as PR. 

We were able to histologically re-examine the 
rTNF-alpha treated metastases of a small cell lung 
caner in patient 10. As Fig. 3 shows, there was a 
substantial number of degenerated cells, represent- 
ing >50% of the whole tissue, whereas the CT 
scan demonstrated an unchanged volume of the 
metastases. 

Toxicity of rTNF-alpha 
The clinical side-effects of intralesional rTNF- 

alpha therapy were similar to our data reported 
from i.m. application of rTNF-alpha [ 111. The main 
symptoms were chills, fever, local edema and pain 
at the site of injection. The severity and duration of 
symptoms were dose related. At rTNF-alpha doses 
>25 pg, chills appeared l&25 min after injection 
with a duration of between 10 and 30 min. The 
maximal temperature elevations were measured 
l-3 h following injection and most patients received 
antipyretic medication (paracetamol). Twenty-four 
hours after rTNF-alpha application local inflam- 
mation was noted and, in some patients, signs of 
hemorrhagic necrosis appeared (Fig. 4). No cardio- 
vascular, pulmonary or CNS toxicity was observed. 
At the day of injection, all patients complained of 
anorexia and fatigue (WHO I-II). The laboratory 
investigations revealed no evidence of cumulative 
hematologic toxicity as well as unchanged liver and 
renal function. Within the dose range of this study, 
we found no influence on coagulation parameters. 

DISCUSSION 
The mechanisms responsible for the cytostatic or 

cytolytic action of TNF-alpha on malignant cells 
still need to be elucidated. There is evidence from 
in vitro studies that TNF-alpha selectively inhibits 
expression of certain oncogenes, which may play 
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Fig. 1. Lilcerating malignant histioqtoma (18 X 15 cm) on the back oj-patient 12 before starting treatment uith rTNF-alpha 

Fig. 2. Three uzeks after intratumoral rTNl+zlpha therapy (3 X 150 pglweek). 

Fig. 3. Large section of degenerating tumor cells besrde residual Gable cells of a small cell lung cancer (‘oat crll carrmomn’) 
metastasis following 10 intratumoral applications ofrTNF-alpha (hematoxylin-eosin stain X ca 150). 

Ftg. 1. Hemorrhagic necrosi.r of a !vmph node metastasis of adenocarcinoma j~llowing three intranodal inJectIon\ z&h 50 p,~g 
rT.VF-&ha. 
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an important role in the control of growth and 
differentiation of malignant cells [13, 141. In 
addition, TNF-alpha influences a variety of normal 
tissues and exerts strong and multiple immuno- 
modulatory activities [l-4]. These actions of TNF 
might also contribute to the antitumor effects seen 
in vivo [6, 151. Based on our data from a phase 
I trial of rTNF-alpha in patients with advanced 
malignancies [l l] and observations made in an 
animal model [6] that the intratumoral application 
of partially purified TNF-alpha was more effective 
than intravenous injection, we investigated the anti- 
tumor effect of intralesional rTNF-alpha therapy in 
patients with advanced solid tumors. 

The local tumor regression observed in five out 
of 14 patients suggests a higher efficacy of local 
versus systemic TNF treatment, where such dra- 
matic tumor responses were not seen even at higher 
total doses [g-11]. It is possible that a critical 
local TNF-alpha concentration at the tumor site is 
important for the induction of a tumor response. 
However, the short duration of responses suggests 
rapid development of TNF-alpha resistance of the 
tumor. These findings are in agreement with recent 
in vitro data obtained from established tumor cell 

lines showing ligand-induced acquisition of TNF- 
alpha resistance [ 141. The clinical observation of 
rapid development of resistance under TNF-alpha 
treatment, therefore, stresses the need for definition 
oftreatment modalities to maintain TNF sensitivity, 
e.g. by combining TNF-alpha with other cytokines. 
The toxicity pattern associated with local rTNF- 
alpha treatment is comparable to systemic appli- 
cation. The local inflammation appearing 24 h after 
i.t. rTNF-alpha injection indicates infiltration of 
mononuclear cells, which was confirmed by cyto- 
logic examination (data not shown). The degree of 
inflammation and the concomitant pain at the site 
of injection were limiting for dose and frequency of 
rTNF-alpha treatment. Based on this definite, but 
transient, antitumoral activity of rTNF-alpha 
shown here, we are currently investigating whether 
a combination of rTNF-alpha with other cytokines 
(rIFN-gamma and rIFN-alpha) will improve the 
frequency and duration of responses. 
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