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Abstract. The use of cytokines alone or in combination 
with other cytokines or cytotoxic drugs has had a profound 
effect upon widely metastatic disease in many cases. How- 
ever, despite the encouraging results in early trials, there is 
much room for improvement. Few responses to these com- 
binations are complete, and toxicity has in some cases been 
quite severe. Changes in dose, route, or schedule of admin- 
istration of the drugs, or the development of cytokine 
analogs may lead to more efficacious and less toxic regi- 
mens. In addition, new cytokines such as interleukin(IL)-7 
and IL-12 are currently under investigation for potential 
use in future immunotherapy trials. These prospects and 
the use of cytokine combinations are promising advances 
in the treatment of human cancer. 
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Introduction 

The recent Food and Drugs Administration (FDA) ap- 
proval of interleukin(IL)-2 for the treatment of metastatic 
renal cell carcinoma marks the beginning of a new era in 
managing patients with disseminated cancer. Clearly, it is 
now possible to induce the regression of widely metastatic 
disease in humans by manipulating the immune system 
with cytokines and other immunomodulators. In addition 
to IL-2, other cytokines such as tumor necrosis factor 
(TNF) and IL-4 are currently in various stages of preclini- 
cal or clinical testing to determine if they too will be 
efficacious in the treatment of solid tumors. 
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son Cancer Center, Department of Tumor Biology, Box 79, 1515 Hol- 
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To satisfy phase I requirements, the emphasis of the 
initial clinical trials involving cytokines has been on the 
use of single agents (such as IL-2) in the treatment of 
widely disseminated disease. We will present a brief over- 
view of these trials using single cytokines, but the focus of 
this review is the use of cytokines in combination with 
other biological or cytotoxic agents in the treatment of 
human solid tumors. This is a relatively new approach, and 
the results of phase I and II trials are just now appearing in 
the literature. 

Cytokines as single agents 

/L-2 

IL-2 was originally described in 1976 as a protein that 
supported the growth and proliferation of T lymphocytes 
[43]. Since then, numerous biological activities have been 
ascribed to this protein including stimulation of lymphoid 
cell proliferation; induction of T and NK cell cytotoxicity; 
and production of numerous other cytokines such as IL- 1 cz, 
IL-I~3, TNFcz, TNF[3, IL-6, and interferon (IFN)7, (re- 
viewed in [65]). In addition, IL-2-stimulated peripheral 
blood mononuclear cells generate lymphokine-activated 
killing (LAK), the non-major-histocompatibility-complex- 
restricted lysis of tumor cells [16]. 

After a variety of in vitro and in vivo studies suggested 
that IL-2 would be effective in humans, numerous phase I 
and II trials involving IL-2 alone or in combination with 
autologous LAK cells activated ex vivo were conducted. 
These were recently reviewed by Lotze and Rosenberg 
[37]. Overall, intravenous (i.v.) IL-2 alone has', been found 
to be effective in approximately 15%-30% of patients with 
metastatic renal-cell carcinoma (RCC) or melanoma and 
may be efficacious in the treatment of other tumors as well. 
The addition of LAK cells to the protocols did not affect 
the outcome of the patients in the only randomized pro- 
spective trial that evaluated the effect of these cells [61]. 
Despite its efficacy and recent approval by the FDA for the 
treatment of RCC, IL-2 has not been widely used because 
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of the severe toxicity that is occasionally associated with 
its administration [59]. The search for newer approaches to 
the use of IL-2 that may reduce toxicity will be discussed 
later in this review. 

/L-4 

Interleukin-4 was previously called B-cell-stimulatory fac- 
tor. In humans, IL-4 has been shown to have a variety of 
effects on both lymphocytes and monocytes including pro- 
liferation of B cells, induction of cytolytic T cells, in- 
creased growth of tumor-infiltrating lymphocytes isolated 
from human tumors, and enhanced generation of LAK 
cells [19]. 

Recombinant IL-4 has been administered alone to 48 
cancer patients; the maximum tolerated dose is approxi- 
mately 20 gg/kg [36]. In this initial phase HI  trial at the 
University of Pittsburgh, the administration of IL-4 was 
associated with the development of vascular leak syn- 
drome, end-organ dysfunction, and weight gain similar to 
that seen with IL-2. Other toxicites noted were severe nasal 
congestion and gastric ulceration or inflammation in a 
small number of patients. No responses were observed in 
the 48 patients (23 had RCC or melanoma). 

IL-6 

IFN 

The interferons play a key role in host responses by modu- 
lating immune cell function. They are a family of more 
than 20 proteins produced after stimulation by antigens, 
viruses, and double-stranded RNA. The cellular actions of 
IFN include enhancement of monocyte and NK function 
and antiproliferative effects [30]. It has been suggested that 
the antitumor effects result principally from two mecha- 
nisms: a direct effect on the function or antigenic composi- 
tion of tumor cells and an indirect effect on immunological 
effector cells. Over the past decade, numerous clinical 
trials have documented the efficacy of IFN against a vari- 
ety of solid tumors. The mean response rates to IFNc~ in 
metastatic melanoma (11 trials) and renal cell carcinoma 
(11 trials)have been 16% [26] and 14% [71] respectively. 
Responses of up to 45% have been observed in Kaposi's 
sarcoma [10] and 83% in pancreatic endocrine tumors [11] 
treated with IFNa. The more favorable responses were 
observed in patients who had had resection of bulky dis- 
ease, suggesting a possible role for IFNcz postoperatively 
as adjuvant therapy. IFN7, on the other hand, does not 
appear to be as effective as IFNc~ in the treatment of solid 
tumors, although response rates as high as 18% have been 
observed for RCC [56]. IFN[3 also has been somewhat 
disappointing. Although phase I trials suggested that it 
could be tolerated at higher doses than IFNo~, it was not as 
effective as IFNo~ [58]. 

Like IL-2 and IL-4, IL-6 plays a role in vitro in the differ- 
entiation of T lymphocytes. IL-6 induces B lymphocytes to 
secrete immunoglobulins and potentiates the ability of IL-2 
to induce LAK activity. In mice, IL-6 administered alone 
has led to a decrease in the number of micrometastases 
[46]. Two phase I trials of IL-6 in 23 patients with re- 
fractory advanced malignancies have recently been con- 
ducted at the National Cancer Institute [78]. The maximum 
tolerated dose was approximately 30 gg/kg. All patients 
who received IL-6 experienced fever and chills, and hepa- 
totoxicity and atrial fibrillation prevented the dose being 
increased in several patients. The clinical response rates in 
these trials were not published. 

TNF 

Cytokine combinations in immunotherapy for solid 
tumors 

As in the development of chemotherapeutic regimens for 
cancer, the antitumor activities of cytokines used alone 
have stimulated efforts to evaluate the use of these proteins 
in combination with each other or with other agents. The 
combined use of cytokines to increase antitumor efficacy is 
based upon the theories that combining agents that attack 
neoplastic cells by different mechanisms should increase 
the antitumor effects in vivo and that toxicity should be 
lower in patients treated with combinations of agents that 
have different side-effects. Preclinical studies have demon- 
strated that such cytokine combinations can be safe and 
effective in animal models. 

When Carswell and associates first identified TNF and 
characterized its ability to induce coagulation necrosis in 
animal tumors, it was immediately recognized that this 
protein had tremendous therapeutic potential [5]. However, 
there have been few responses to intravenous administra- 
tion of TNF in the numerous phase I and II trials con- 
ducted. In fact, in nine separate phase II trials, only 2 of 
318 patients with a variety of malignancies responsed to 
TNF treatment [70]. In addition, the toxicity associated 
with the i.v. administration of TNF has been severe; 
patients frequently experience fever, chills, nausea, and 
vomiting as well as dose-limiting hypotension and vascular 
leak syndrome. Therefore, the intravenous use of TNF 
alone does not appear to be effective in the management of 
solid tumors at this time. 

IL-2 in combination with other cytokines 

TNF. In a variety of preclinical models, low doses of IL-2 
and TNF have been shown to be synergistic activators of 
LAK cells [51]. This combination has also been evaluated 
in at least two phase I human trials. In a study at the 
University of Texas M. D. Anderson Cancer Center [80], 
16 patients with advanced non-small-cell lung carcinoma 
were treated for 5 days with continuously infused IL-2 and 
25-100 ~tg m -2 day -1 intramuscular (i.m.) TNF. Of the 16 
patients treated, only one partial response (PR) was ob- 
served. In another study, 31 patients with a variety of 
advanced malignancies were treated with continuously in- 
fused IL-2 and up to 120 gg m -2 day -1 bolus i.v. TNF [47]. 
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Only two PR (1 patient with breast carcinoma and 1 with 
RCC) were seen in this study. In both studies, hypotension 
was dose-limiting, and most patients experienced fever, 
chills, gastrointestinal toxicity, edema, and malaise. 

and melanoma, there is still no clear evidence that the 
combination of IL-2 and IFNc~ is superior to IL-2 alone. 

IL-4. Like TNF, IL-4 also has synergistic effects with IL-2 
in the generation of LAK [19]. A phase I/II trial was 
recently initiated at the University of Pittsburgh to evaluate 
the use of these cytokines [36]. Twenty-eight patients re- 
ceived 1L-4 in conjunction with 7.2 x 105 U/kg IL-2, and 
the maximum tolerated dose for IL-4 appears to be 20 
gg/kg. The spectrum and magnitude of the side-effects 
associated with this regimen were similar to those seen 
with IL-2 alone. A total of five responses were noted in the 
28 patients including one complete response (CR) in a 
patient with RCC, three PR in patients with melanoma, and 
one PR in a woman with breast carcinoma. 

IFNfl and IFNy IFN~3 and IFN 7 have many effects upon 
the body's immune system, including up-regulation of 
cellular adhesion molecules and enhancement of LAK ac- 
tivity. While neither agent has been shown to be effica- 
cious by itself in the treatment of human cancer, these IFN 
have been tested in combination with IL-2 in two phase I 
trials. Krigel et al. [29] administered 5 x 106 U/m 2 IL-2 and 
10 x 106 U/m 2 IFN[~ (both i.v.) to 47 patients. Of 32 evalu- 
able patients, l had a PR. In the other study, Paolozzi et al. 
[53] treated 50 patients in a phase I study with IL-2 and 
IFN[3 administered subcutaneously (s.c.) and i.v. respec- 
tively. The maximum tolerated doses were 5 x 106 U/m 2 
IL-2 and 2 • 106 U/m 2 IFN~. Two patients had PR (one 
with RCC and one with transitional cell carcinoma). Three 
phase I studies using i.m. IFN7 and i:v. IL-2 have recently 
been reported [38, 74, 77]. Although each regimen was 
slightly different, the maximum tolerated dose for IFNy 
was 0.25 mg m -2 day-I in each case, and the response rates 
were similar. In the three studies, there were two CR and 
six PR in 89 evaluable patients. The severity of toxicity in 
the IFN~ or 1FNy combination trials was equivalent to 
those seen with high-dose IL-2 alone. 

TNF in combination with IFNy 

Combinations of TNF and other agents have just begun to 
be tested, and only phase I data are available. In addition to 
the previously mentioned trials that used both TNF and 
IL-2, several trials have evaluated the effectiveness of TNF 
given in conjunction with IFN 7 [1, 8, 21, 63, 66]. Hypoten- 
sion was the dose-limiting toxicity for this combination 
and its severity was similar to that of TNF administered 
alone. Although antitumor responses were observed in 
cancers of the biliary tract and pancreas and in soft-tissue 
sarcoma, there is no evidence of synergistic efficacy from 
these trials. Phase II studies are underway to determine 
whether TNF plus IFNc~ will be an effective therapy for 
human cancers. 

IFNywith IFNa or IFNfl 

While the use of IL-2 with IFNc~ has yielded promising 
results, early trials using simultaneous administration of 
either IFNc~ or IFN~ with IFN7 were disappointing. Sub- 
stantially more toxicity has been reported in two phase I 
trials using IFNc~ and 1FNybut there was only one PR in 35 
evaluable patients in the two trials combined [6, 50]. Two 
randomized studies that compared IFN~ and IFN7 alone 
with IFNc~ plus IFN 7 failed to show clinical synergism of 
the combination in advanced RCC [9, 12]. In addition, 
studies by Schiller et al. suggested that little clinical benefit 
would be obtained by administering IFN~ sinctultaneously 
with IFN 7 [62]. 

IFNa. Most of the studies of cytokine combinations have 
used IL-2 with IFNot. The trials using this combination of 
cytokines in the treatment of RCC were recently reviewed 
in detail by Stahl et al. [71]. The remission rates in these 
studies ranged from 0% to 50%, with CR occurring in 5% 
and PR in 18% of 342 patients; however, the differences in 
dose and duration of IL-2, dose and route of administration 
of IFN, and timing of administration of the two cytokines 
make comparison of these studies difficult. More recent 
studies have demonstrated the efficacy of IL-2 and IFNcz 
while minimizing toxicity so that treatment could be ad- 
ministered in an outpatient setting [25, 35]. While the 
majority of these patients had had nephrectomies, Spencer 
et al. demonstrated that this therapy may also be effective 
even in those patients with primary RCC in situ [68]. The 
combination of IL-2 and IFNot has also been evaluated in 
the treatment of metastatic melanoma. Again, the dose 
regimens varied among the studies, and the response rates 
(CR plus PR) ranged from 0% to 33% [3, 31, 60, 79]. 
Despite these promising results in the treatment of RCC 

Combinations of cytokines and cytotoxic agents 

The combination of cytokines and cytotoxic drugs offers a 
new approach to more effective therapy for neoplastic dis- 
eases. Currently, there is no optimal strategy for combining 
these agents because of the number of compounds avail- 
able and the variations in administration such as route, 
dose, and timing with respect to the other drugs. Such 
combinations seek to take advantage of different mecha- 
nisms of action, different toxicity profiles, and in vivointer- 
actions between the drugs and the host immune system and 
drug-metabolizing enzymes. For example, IFN appears to 
potentiate the effects of 5-fluorouracil (5-FU) by increas- 
ing serum levels of active 5-FU metabolites, Moreover, 
IFN can reverse resistance to 5-FU by inhibiting the over- 
expression of thymidylate synthase [27]. In addition, there 
is evidence that the synergy between TNF and doxorubicin 
and etoposide is related to a rapid increase in the specific 
activity of topoisomerase I and II, which increases DNA 
strand breakage [27]. 
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Table 1. Trials involving interleukin-2 (IL-2) and cytotoxic drugs 

IL-2 dose Other drugs Tumor Number of patients a CR+PR Ref. 
(Um 2 dayq) type (%) 

Total CR PR 

700/12 h Mitomycin C Gastro- 33 0 10 30 2 
intestinal 

18 x 106 Dacarbazine Melanoma 18 2 2 22 64 

4 x 106 Dacarbazine and cisplatin Melanoma 13 1 4 38 55 

6 x 105 U kg -1 (8 h) -1 Cisplatin Melanoma 27 3 4 26 7 

12 x 106 Cisplatin and NSCLC a 18 0 7 39 75 
5-FU H/N a 11 2 4 55 

(1-3) x 106 Doxorubicin Various 15 0 0 0 4 

20 x 106 Doxorubicin Various 16 0 5 31 52 

a NSCLC, non-small-cell lung carcinoma; H/N, head and neck carcinoma; CR, complete response; PR, partial response 

Table 2. Trials using IL-2 and interferon o~ (IFNc0 with chemotherapy for melanoma 

IL-2 dose IFNc~ Other drugs No. Percentage responding (%) Ref. 
(MUm -2 day -l) (MUm -2) of patients 

CR PR CR+PR 

3 qd 5 i.m. Cisplatin, dacarbazine, 30 20 37 57 32 
vinblastine 

1.5 q 8 h 6 s.c. Cisplatin, dacarbazine, 74 15 40 55 57 
carmustine, tamoxifen 

18 qd 9 s.c. Cisplatin 20 20 40 60 24 

18 qd 3 s.c. Cisplatin, dacarbazine 12 25 58 83 17 

IL-2 with cytotoxic drugs 

Because animal studies showed that the combination of 
IL-2 and cyclophosphamide could act synergistically in the 
treatment of  advanced tumors, this was the first combina- 
tion of a cytokine and a cytotoxic agent to be tested in 
humans. At least seven phase I or II  trials have been 
completed [23, 34, 41, 42, 45, 69, 76]. In each, the patients 
received an i.v. dose of 350 mg/m2 cyclophosphamide 3 
days before bolus i.v. infusions of  IL-2 (3.6 • 106-36 x 106 
U m -2 day-I).  The response rates ranged from 5% to 25% 
for melanoma; however, only 1 of 36 patients with RCC 
and 1 of 13 with metastatic breast carcinoma had PR in 
these trials. Other cytotoxic drugs including dacarbazine, 
cisplatin, mitomycin C, doxorubicin, and 5-FU have been 
evaluated in combination with IL-2 in phase I/II trials [2, 4, 
7, 52, 55, 64, 75]. The results of these studies are summa- 
rized in Table 1. While these IL-2 combinations have de- 
monstrated that such regimens can be safely tolerated by 
patients, larger prospectively randomized trials will be nec- 
essary to determine if they are more effective than the use 
of single agents alone. 

IL-2 and IFNo~ combinations with chemotherapy 

The combination of IL-2 and IFNc~ has also been tried with 
chemotherapy as a means of treating metastatic melanoma. 
At least four studies using this combination have thus far 

been reported [17, 24, 32, 57], and the results are summa- 
rized in Table 2. At least 50% of the patients have re- 
sponded in each study; CR approached 20%. Although the 
toxicity experienced by patients in these studies was signif- 
icant, it was not much different from that seen in patients 
receiving IL-2 alone, except for the slightly increased my- 
elosuppression secondary to the cytotoxic agents. While in 
these four trials IL-2 and IFNc~ were given either before or 
after the chemotherapeutic agents, one additional trial is 
currently underway at M. D. Anderson Cancer Center in 
which IL-2 and IFNo~ are being given simultaneously with 
cisplatin, vinblastine, and dacarbazine to treat metastatic 
melanoma. Early results are encouraging, and the combi- 
nation appears to be an improvement over prior regimens. 

Other cytokines and chemotherapy 

IFNa. IFNo~ has also been studied in combination with 
various chemotherapeutic agents without IL-2. Because of 
their single-agent activity against RCC, most investigators 
combined vinblastine and IFNc~ in clinical trials for treat- 
ment of this disease. The results of  11 phase II and III  
studies were recently reviewed by Stahl et al. [71]. With 
this combination, the overall response rate was 24% in 324 
evaluable patients. It is difficult to draw conclusions from 
these studies, however, since two randomized trials com- 
paring IFNo~ alone or in combination with vinblastine 
yielded contradictory results. Fossa et al. [13] stated that 
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the IFNc~/vinblastine combination resulted in higher re- 
sponse rates (22% versus 7%), but a multicenter trial [48] 
found that the combination did not improve response. 
Combination trials of IFN and other cytotoxic agents for 
RCC are currently underway. 

The combination of IFNc~ and cytotoxic agents has also 
been evaluated in the treatment of metastatic melanoma. 
These results were reviewed recently by Garbe et al. [14]. 
In several studies combining dacarbazine and IFNc~ in a 
total of 203 patients, 19 CR and 36 PR were observed for 
an overall response rate of 27%. Other trials that added 
cisplatin (78 patients) or vinblastine (27 patients) showed 
response rates of 21% and 11%, respectively. In addition, 
1FNc~ has been tested in conjunction with vindesine (27% 
CR plus PR) and dacarbazine + 5-FU (66% CR plus PR) in 
small numbers of patients with promising but preliminary 
results [14, 44]. 

IFNc~ and 5-FU have been administered together with 
folinic acid in the treatment of metastatic colorectal carci- 
noma. Eleven studies reviewed by Kreuser et al. used this 
combination in a total of 302 patients with a median 
response rate (CR plus PR) of 25%. This is comparable 
to studies in which 5-FU and folinic acid were used 
alone [28]. 

TNF. There have also been several trials in which TNF was 
administered with chemotherapeutic agents. As mentioned 
earlier, TNF synergizes with both doxorubicin and 
etoposide in animals. Clinical trials have been initiated 
using both of these combinations. Both the TNF/etoposide 
trial [49] and the TNF/doxorubicin trial [73] have been 
remarkable for substantial toxicity. Neither trial reported 
response rates. The combination of TNF and mitomycin C 
has also been evaluated in a phase I trial; 2 of 15 patients 
had PR [54]. No dose-limiting toxicity was identified. 

Summary and future directions 

While the initial interest in and expectations for many 
cytokines (especially IL-2) were out of proportion to their 
current clinical usefulness, these proteins have proven to 
be useful additions to our therapeutic armamentarium in 
the fight against cancer. In some instances, the use of 
cytokines alone or in combination with other cytokines or 
cytotoxic agents has had profound effects upon widely 
metastatic disease. For example, IL-2 and IFNo~ in combi- 
nation with cisplatin and dacarbazine have produced re- 
sponse rates much higher than any observed with either 
cytokines or cytotoxic drugs alone. Well-focused, ran- 
domized prospective trials are now necessary to confirm 
the higher responses seen with some combinations. 

There is~ however, much room for improvement. While 
many of the trials have demonstrated that cytokines may be 
effective, few of the responses are complete, and most are 
not long-lasting. In addition, cytokines have proven to be 
quite toxic. In one study, 60% of the patients receiving IL-2 
alone required pressor support for hypotension, and mor- 
tality rates were approximately 2% [59]. However, cy- 
tokine combinations have in some cases allowed the use of 
lower doses of the individual agents. These combinations 

are occasionally less toxic while efficacy is maintained (or 
increased). 

One approach to improving the tolerance and effective- 
ness of such cytokine therapy is to determine the mecha- 
nisms by which cytokines work. This may allow clinicians 
to construct therapeutic combinations that act synergisti- 
cally against tumors. Changing the dose, route, or sequence 
of drug administration may increase efficacy while in- 
creasing patient tolerance of the regimen. For example, 
new approaches, including either the local injection of 
cytokines directly into the tumor [20, 81] or intra-arterially 
[33, 39], may increase local concentrations of cytokine at 
the tumor site while minimizing systemic toxicity. 

Understanding cytokine/receptor interaction may also 
allow the synthesis of cytokine analogs with the parent 
cytokine' s ability to fight tumors but without their toxicity. 
For example, we have previously shown that IL-2 analogs 
that preferentially bind the intermediate-affinity IL-2 re- 
ceptor retain the ability to generate LAK activity [ 18] with 
up to an 85% reduction in the production of secondary 
cytokines such as IL-I~3, TNFt~, TNF~, and IFN 7 (sub- 
mitted for publication), the actions of which are thought to 
be responsible for the toxicity associated with the adminis- 
tration of IL-2. Also, IL-2 has been chemically modified 
for clinical use by the addition of polyethylene glycol [22]. 
It is hoped that such modified agents will have increased 
half-lives, decreased toxicity, and enhanced efficacy. 
Further modifications will probably be made to the IL-2 
molecule to increase its usefulness in immunotherapy. 

Other cytokines are currently being evaluated for poten- 
tial use in future immunotherapy trials. IL-7, IL- 10, and the 
recently characterized IL-12 can all induce of LAK activity 
in vitro [15, 67, 72]. In addition, IL-10 induces this onco- 
lytic activity with dramatically less production of two me- 
diators of cytokine-induced toxicity, TNF and IFNy [67]. 
New uses for previously characterized cytokines, such as 
the use of IL-1 as an adjunct in attempts to induce specific 
antitumor immunity, may also become apparent [40]. 
These cytokines and others yet to be discovered may prove 
to be valuable tools in the treatment of human tumors. 

As we have shown, significant improvements have been 
made in experimental cancer therapies by combining cy- 
tokines together or with cytotoxic agents to enhance their 
action and to reduce the doses required to achieve anti- 
tumor effects. Currently, cytokines have an established 
though limited role in the treatment of malignant disease. 
We anxiously await the expected discovery of improved 
regimens that optimize the pleiotropic effects of cytokines 
in the fight against cancer. 
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