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Abstract Chronic B-cell malignancies are character- 
ized by accumulation of transformed B cells of low 
proliferative index in lymphatic and extralymphatic 
tissues. Cytokines do not appear to play a role in the 
primary step of transformation. However, proliferation 
as well as inhibition of apoptosis of malignant B cells 
can readily be explained by cytokine effects. Clinical 
trials of interferons (IFN) and interleukin-2 alone or in 
combination have been performed in patients with 
hairy cell leukemia (HCL), CLL, and low- and inter- 
mediate-grade non-Hodgkin's lymphoma. While IFN 
alpha became standard therapy of HCL, responses in 
other entities were variable, ranging from 0 to 70% in 
selected populations. Combination of IFN and cyto- 
toxic chemotherapy in general revealed no additional 
benefit as compared to chemotherapy alone. Perspect- 
ives for future clinical testing of cytokines in low-grade 
B-cell lymphomas are discussed. 

Key words CLL �9 Hairy cell leukemia �9 Low-grade 
lymphoma �9 Cytokines 

Introduction 

Low-grade B-cell lymphomas represent a challenging 
problem in basic and clinical hematology. Following 
a clinically indolent course, so far, low-grade lym- 
phomas are incurable with standard chemotherapy 
regimens. Hairy cell leukemia (HCL) was the first dis- 
ease in which cytokine therapy with interferon (IFN) 
became clinical standard. Administration of cytokines 
with or without additional cytotoxic chemotherapy has 
been extensively tested in chronic lymphocytic 
leukemia (CLL) and follicular lymphomas. The follow- 
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ing review is aimed first at summarizing and discussing 
preclinical data on the influence of cytokines on the 
growth, survival, and differentiation of malignant 
B cells. Second, the rationale for and results of clinical 
application of cytokines in low-grade B-cell malignan- 
cies are presented. 

Pathophysiology of low-grade B.cell neoplasia 

The approach to understanding the pathophysiology of 
low-grade lymphomas is to characterize alterations as 
compared with normal B-lymphocyte development: 
Malignant B cells exhibit a lack of differentiation, 
which can be explained by genotypic transformation. 
Potentially causative mechanisms are structural chro- 
mosomal aberrations affecting genes involved in cell 
cycle control. For example, about 75% of mantle-cell 
lymphomas have t(ll;14) translocations rearranging 
the bcl-1/PRAD1/cyclin D1 gene, which is reported 
to regulate G1/S transition in the cell cycle [-8, 69]. 
Lymphomas with t(14;19) translocations show an up- 
regulation of the bcl-3 gene, which encodes a specific 
inhibitor of the transcription factor NF-kappa B [71]. 
Rearrangements of the bcl-6/LAZ 3 gene on chromo- 
some 3q27 encoding a member of the zinc-finger family 
of transcription factors also are found in some follicular 
lymphomas [6, 36]. These and other mutations might 
deregulate B-cell development. In addition, they might 
provide a growth advantage for the transformed clone. 
In contrast, deregulation of cytokine expression does 
not appear to play a role in the primary step of lym- 
phomagenesis. It appears unlikely that up-regulated 
autocrine or paracrine production of ubiquitous 
cytokines such as tumor necrosis factor (TNF) alpha or 
interleukin (IL)-6 alone has the potential to transform 
B cells. 

The second pathophysiological mechanism of low- 
grade lymphoma is proliferation and expansion of the 
malignant clone. This potentially happens in response 
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to stimuli provided by cytokines. Several in vitro stud- 
ies described autocrine secretion of proinflammatory 
cytokines such as TNF alpha [20, 30, 55] and IL-6 [7, 
55], as well as secretion of B-cell growth factor [23] by 
malignant B cells. However, using the in situ hybridiza- 
tion technique, IL-6 message was detectable only on 
environmental macrophages and endothelial cells, sug- 
gesting a paracrine rather than an autocrine secretion 
[17]. Additional paracrine signals might be provided 
by T lymphocytes, which were found to be present in 
comparable numbers in CLL patients and healthy con- 
trols [31]. Furthermore, T cells from CLL patients 
behaved largely normally regarding inducibility of Thl 
and Th2 cytokine secretion patterns (Decker T, Flohr 
T, Trautmann P, Huber C, Peschel C: Blood in press). 
In vitro, T-cell cytokines such as IL-2 [11, 42], IL-4 [5], 
and IL-10 [18] were observed to enhance proliferation 
and to induce CD23 expression [29, 59, 66] on CLL- or 
HCL-B cells. Finally, the lack of spontaneous in vitro 
proliferation of low-grade malignant B cells under- 
scores the requirement of growth stimulation as pro- 
vided by cytokines and direct cell-cell interaction with 
T lymphocytes or environmental cells. 

Further, low-grade lymphomas are characterized by 
accumulation of malignant B cells in lymphoid and 
extralymphatic tissues. This can be explained largely by 
inhibition of programmed cell death (apoptosis) of lym- 
phoma cells, resulting from both gene mutations and 
cytokine effects. Apoptosis is controlled by intracellular 
inducers, such as Fas/APO-1, p53 or c-myc, and by 
suppressors such as bcl-2 and related genes (for review 
see [70]). In concordance, bcl-2 protein and Fas anti- 
gen were found to be inversely expressed in normal 
lymph node and peripheral blood lymphocytes [72]. 
Translocations t(14; 18) resulting in overexpression of 
the bcl-2 gene under control of the lg heavy-chain 
promotor [4, 13, 68] are detected in 80-90% of follicu- 

lar lymphomas. Furthermore, inhibition of apoptosis of 
malignant B cells is described for IL-4 [14, 48], IFN 
gamma [10], and IFN alpha [49] in vitro. Thus, con- 
certed effects of genetic deregulation of B-cell develop- 
ment, as well as growth- and survival-promoting sig- 
nals provided by cytokines form a model for the 
pathophysiology of chronic B-cell malignancies. 

Another pathophysiological mechanism involving 
cytokines especially in CLL and HCL might cause 
pancytopenia, which plays an important role in the 
morbidity and mortality of these diseases. High levels 
of TNF are measured in serum and bone marrow from 
HCL patients, and TNF mRNA is detectable in HCL- 
B cells. Supernatants from HCL cell cultures inhibit 
growth of normal bone marrow cells. Anti-TNF anti- 
body enhances hematopoiesis of HCL and CLL bone 
marrow cells in vitro [21, 35, 41]. The adherent bone 
marrow cell fraction from CLL patients produces in- 
creased amounts of transforming growth factor (TGF) 
beta, while G-CSF and GM-CSF levels are normal. 
Their supernatants support only 25% of normal blast 
colony-forming culture growth, and this inhibition is 
abrogated by anti-TGF beta antibody [34]. 

In conclusion, there is abundant preclinical evidence 
for a direct or indirect influence of a variety of cytokines 
on the pathophysiology of low-grade B-cell lymphomas. 
These data provide a rationale for clinical study of 
modulation of the cytokine network in these diseases. 

Clinical results of cytokine therapy in chronic B.cell 
malignancies 

Hairy cell leukemia 

Since the first reports of effective treatment of HCL 
with IFN alpha appeared [54, 56, 65], these results 

Table 1 Summary of clinical results of cytokine therapy in chronic B-cell malignancies (CLL chronic lymphocytic leukemia, HCL hairy cell 
leukemia, I F N  interferon, M U  million units, tiw thrice a week, cct combination chemotherapy) 

Disease Stage Regimen Response References 

HCL Untreated IFN alpha 0.2-2 MU 50 80% hematological responses (CR 10.15%) [47, 62] 
superior to splenectomy, chemotherapy [45, 60] 

CLL Untreated, early IFN alpha 1-5 MU tiw 

Follicular lymphoma Relapsed 

Follicular lymphoma Relapsed 

IFN alpha 1-50 MU/m 2 

IL-2 1.5-20 MU/m 2 

Follicular lymphoma Advanced IFN alpha + 
alkylating agent 

Follicular lymphoma Advanced IFN alpha + 
anthracycline- 
based cct 

[24, 63] 

90-100% transient reduction [58, 73] 
of lymphocytes, survival benefit unclear [9, 50] 

[-39, 43] 

15-50% responses, med. duration 8 months [22, 25] 

0-50% responses, duration 1-17 months, TRM 5% [2, 67] 
[16, 40] 
[26] 

[12, 53] 
[46] 

[3, 61] 
[64] 

50-70% responses, no benefit of IFN regarding 
response rate or duration 

70-86% responses, survival benefit of IFN group 
in one trial [64] 
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have been confirmed in numerous studies. Recently, 
clinical research has focused on three main topics: the 
efficacy of IFN treatment in comparison to standard 
therapies, the optimal dosage of IFN alpha, and, finally, 
the durability and maintenance of IFN response. 

A randomized trial of 20 untreated HCL patients 
compared splenectomy with IFN alpha treatment. 
A total of three responses with a median time to treat- 
ment failure of less than 1 month were observed in ten 
patients undergoing splenectomy, whereas all ten pa- 
tients treated with IFN responded. A decrease in bone 
marrow infiltration was observed in seven of ten pa- 
tients, and median time to treatment failure exceeded 
18 months in the IFN grou p [62]. Another study com- 
pared the outcome of 128 HCL patients receiving 
recombinant human (rh) IFN alpha 2b with that of 
71 historical controls treated with chlorambucil. 
Hematological responses were noted in 73% of the 
IFN group versus 18% of patients treated with 
chlorambucil. Fatal infections occurred in 1.6% versus 
23%, and mortality of the entire group at 12 months 
was 3.1% versus 28%. Finally, IFN treatment was 
calculated to be 2.8 times less expensive, especially due 
to reduction of in-hospital days for therapy of infec- 
tions [46]. 

Following treatments of 22 HCL patients with 
a dose of 0.2 million units (MU)/m 2 rh IFN alpha 2b 
three times a week (tiw) for 6-12 months, an overall 
response rate of 54% with only 18% complete (CR) and 
partial responses (PR) was observed. These results were 
inferior to those obtained with the standard dose [45]. 
However, in a randomized trial accruing 138 patients 
a dose of 0.2 MU/m 2 natural IFN alpha administered 
daily for 28 days, then tiw, was equally effective as 
a dose of 2 MU/m 2 regarding neutrophil and platelet 
recovery [60]. In a study of rh IFN alpha 2c a dose of 
2 MU was administered to 18 HCL patients for a 
median of 35 weeks. Another 21 HCL patients were 
treated with optimal biological doses, as assessed by 
maximum neopterin induction in vivo. These doses 
ranged from 0.2 to 0 .6MU/m 2 given daily for 
3 months, then every alternate or every third day for 
a median of 31 weeks. Both regimens were shown to be 
equally effective [24]. 

Duration of IFN alpha response preferentially de- 
pended upon response quality. Median response dura- 
tion of patients achieving CR was 37.5 months as 
compared with 23 months in patients with PR and 3.5 
months in patients with minor responses [74]. The 
majority of another cohort of 69 HCL patients treated 
with rh IFN alpha 2b had to be retreated for failure of 
initial therapy. However, 16 patients remained alive 
without further treatment requirements [27]. Feasabil- 
ity of long-term therapy with rh IFN alpha 2a was 
demonstrated in 32 patients treated for a median of 
5 years. Interestingly, 16 patients exhibiting a minor 
response after 18 months of therapy developed partial 
responses subsequently [63]. 

Due to the efficacy of IFN alpha, no other cytokines 
have been extensively tested in HCL. In summary, IFN 
alpha treatment of HCL was shown to be clinically and 
economically more effective than splenectomy or 
chlorambucil therapy. Even lower doses of IFN alpha 
appear to be as effective as the standard regimen, re- 
sulting in a reduction of side effects and costs of 
cytokine therapy. Long-term remissions without fur- 
ther treatment requirements are achieved in only about 
20% of patients. Accordingly, a high relapse rate is 
observed after an interval depending on quality of 
initial response. However, effective retreatment with 
IFN alpha as well as feasibility of long-term IFN alpha 
therapy have been convincingly demonstrated in HCL. 
It remains to be seen whether IFN alpha will be re- 
placed as standard treatment of HCL by newer chemo- 
therapeutic agents such as deoxycoformycin [33] or 
cladribine [51]. Preliminary results of an ongoing trial 
comparing deoxycoformycin with IFN alpha as first- 
line therapy of HCL revealed significantly more re- 
missions in the group receiving deoxycoformycin [28]. 
However, data on long-term follow-up are still awaited. 
In any case, clinical testing of additional cytokines in 
HCL is largely precluded by the presence of two effec- 
tive new therapies. 

Chronic lymphocytic leukemia 

Clinical trials of cytokine therapy in CLL also are 
largely restricted to IFN alpha. A group of ten un- 
treated CLL patients (7 Rai stage 0, 3 stage I) were 
treated with rh IFN alpha 2c at a dose of 2 MU/m 2 tiw 
for a minimum of 14 weeks. A decrease of total 
leukocyte and lymphocyte counts was observed in 
all patients. However, 2-6 months after IFN therapy, 
eight of the ten patients exhibited pretreatment 
leukocyte counts again [58]. Treatment of nine early- 
stage CLL patients with 5 MU rh IFN alpha 2b tiw 
also resulted in decreased lymphocyte counts in all, and 
in partial responses or increments of plasma IgG levels 
in some patients [73]. Similar results were obtained 
with lower doses of rh IFN alpha 2b [9, 50], rh IFN 
alpha 2a [39, 43], and natural IFN alpha [52]. How- 
ever, in an ongoing prospective trial performed by the 
A10, so far no advantage of IFN treatment of CLL has 
so far been observed (B. Emmerich, personal commun- 
ication). Administration of IFN alpha 2b following 
pretreatment with chlorambucil to 11 patients with 
early CLL led to two CR and six Rai stage-0 diseases. 
Responses achieved with chlorambucil alone were 
improved by IFN therapy in only five of 11 patients 
[44]. In summary, IFN treatment of CLL does not 
seem to be more effective than standard cytotoxic 
chemotherapies. However, the poor results of standard 
treatments regarding survival should encourage 
study of other potentially effective cytokines, as will 
be discussed later. Preferential targets for experimental 
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cytokine therapies are patients who cannot participate 
in trials of allogeneic bone marrow transplantation or 
high-dose therapy with autologous stem cell support. 

Cytokine therapy of low-grade non-Hodgkin's 
lymphoma 

In an early study, 45 heavily pretreated non- 
Hodgkin's lymphoma (NHL) patients received rh IFN 
alpha at a dose of 50 MU/m 2 tiw for 3 months or 
longer. Of 24 evaluable low-grade NHL patients, 13 
achieved responses (9 PR, 4 CR) with a median re- 
sponse duration of 8 months. Only three of 13 evalu- 
able intermediate and high-grade NHL patients 
responded [22]. The overall CR rate for IFN alpha 
monotherapy in low-grade lymphomas is approxim- 
ately 10% [25]. 

In a phase-II study of IL-2 at doses of 1.5-3 MU/m 2 
for 5 days every alternate week, 17 patients with CLL 
or lymphoma were included. Only 12 of 17 patients 
were evaluable for response, showing three PR and one 
minor response, lasting from 1 to more than 17 months 
[2]. With a higher dose of 18 MU/m2/d IL-2 as con- 
tinuous infusion therapy, five of ten relapsing low- 
grade lymphoma patients responded for a median 
duration of 4 months, whereas no effect was seen in 
four patients with Hodgkin's disease and seven patients 
with diffuse large-cell lymphoma [67]. In contrast, an- 
other phase-II trial of high-dose IL-2 plus LAK cells 
obtained no response in 15 lymphoma patients accrued 
[40]. A trial of 49 refractory lymphoma patients ran- 
domized them between IL-2 alone and IL-2 in combi- 
nation with IFN beta. Overall response was low, only 
7/49, and no difference was seen between the two treat- 
ment arms [16]. Of 24 patients with low-grade lym- 
phomas treated at a dose level of 20 MU/m 2 IL-2 for 
three courses, one achieved a CR, six an MR, and seven 
stable disease [26]. In general, toxicity of IL-2 therapy 
was severe, with treatment-related mortality of about 
5%. One larger trial studied IFN alpha therapy in 
a group of 88 patients with lgM monoclonal gammo- 
pathy, including 38 patients with Waldenstr6m's macro- 
globulinemia. Whereas patients with a low monoclonal 
component were mainly unresponsive, 12 patients with 
Waldenstr6m's disease had a reduction of their para- 
protein of more than 50% of baseline values. Another six 
patients had a reduction between 25 and 50%. Further- 
more, disappearance of hyperviscosity symptoms and 
improvement of anemia have been observed [57]. 

Several trials assessed the efficacy of IFN alpha in 
combination with cytotoxic chemotherapy in low- 
grade lymphoma. In a study of 124 patients with stage- 
III or -IV follicular lymphomas, they were randomized 
to chlorambucil versus chlorambucil plus rh IFN alpha 
2b treatment. Responders were again randomized be- 
tween "watch and wait" or IFN maintenance therapy 
for 12 months. Response rates were similar (71% versus 

55%), and no survival difference was observed at a me- 
dian follow-up of 2.5 years [53]. Similar results with 
response rates of approximately 60% in both groups 
and no advantage of IFN maintenance were obtained 
in further trials with chlorambucil and rh IFN alpha 2b 
[12] and cyclophosphamide and rh IFN alpha 2b [47]. 
A trial enrolling 291 stage-III and -IV low-grade NHL 
patients compared rh IFN alpha 2a plus an anthra- 
cycline-containing chemotherapy regimen (COPA) 
with chemotherapy alone. The initial report [61] dem- 
onstrated prolonged time to treatment failure and pro- 
longed duration of response as well as a survival benefit 
for the IFN group. However, after 5 years follow-up 
there was no longer a survival difference between the 
two treatment arms [3]. A French study randomly 
assigned 242 patients with advanced follicular lym- 
phomas to either 12 aggressive anthracyline-containing 
chemotherapy courses (CHVP) within 12 months or 
chemotherapy plus additional rh IFN alpha 2b for 18 
months. Response rates were 69% with CHVP versus 
85% with CHVP plus IFN alpha, and median event- 
free survival was 19 versus 34 months. Only in this trial 
a significant difference in overall survival (69% versus 
86%) was observed between the treatment arms at 
3 years' median follow-up [64]. 

In summary, cytokine monotherapy with IFN alpha 
or IL-2 produces durable responses in a subset of about 
15% of refractory lymphomas. From present phase-II 
trials, neither an advantage of a specific cytokine nor 
a dose-response relationship can be deduced. On the 
other hand, the significantly higher toxicity of IL-2 
favors IFN therapy. However, based on these data, 
cytokine monotherapy cannot be viewed as a standard 
salvage regimen in refractory lymphoma, and its use 
should be restricted to clinical trials. Regarding combi- 
nation of cytotoxic chemotherapy with IFN alpha, so 
far, only one randomized trial [64] has demonstrated 
a survival benefit of additional cytokine therapy in 
low-grade lymphoma. As toxicity and costs are en- 
hanced, longer follow-up and confirmatory trials are 
needed to draw definite conclusions. 

Future developments 

Based on preclinical data, cytokine action on malig- 
nant B lymphocytes can be either directly anti- 
proliferative or indirect, via regulation of growth sig- 
nals or induction of apoptosis. Direct inhibition of in 
vitro B-cell proliferation is reported for IL-4 [38] and 
IL-10 [19]. The proliferative response of CLL-B cells to 
IL-2, TNF alpha, IFN alpha, and BCGF is inhibited by 
addition of IL-4 and is prevented by pretreatment with 
IL-4 [38]. Growth stimulation of monoclonal B cells 
from low- and intermediate-grade non-Hodgkin's lym- 
phoma and from CLL by anti-g antibody and IL-2 is 
also suppressed by IL-4 [15, 32-1. A decrease of high- 
affinity IL-2R following IL-4 treatment is observed 
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[32]. G r o w t h  of CLL-B  cells induced by T N F  a lpha  
and beta is inhibited by IL-6, while ant i - IL-6 and 
an t i - IL-6R ant ibodies  potent ia te  B-cell proliferation. 
However ,  consLitutive IL-6 p roduc t ion  of monocy tes  
and B cells f rom C L L  patients was found to be low [1]. 
In CLL-B  cells exclusively, IL-10 induced apoptos is  via 
down-regula t ion  of bcl-2 and decreased cell viability in 
all samples  observed. Apoptos is  was prevented  by anti- 
IL-10 ant ibody,  IL-2, IL-4, I F N  gam m a ,  and anti- 
CD40 ant ibody.  N o  induct ion of apoptos is  by IL-10 
was observed in B cells f rom l y m p h o m a  or H C L  pa- 
tients [19J. Exogenous  T G F  beta complete ly  inhibits 
CLL-B-cel l  prol iferat ion induced by anti-ix ant ibody,  
whereas a n t i - T G F  beta  an t ibody  increases prolifer- 
at ion of mal ignan t  B cells in a dose-dependent  and 
specific manne r  [37]. 

However ,  these da ta  cannot  be readily ext rapola ted  
into the in vivo situation. First, representat ive in vitro 
models  of low-grade l y m p h o m a s  are lacking. Second, 
all cytokines ment ioned above  exhibit  p[eiotropic 
effects on the clonal target  cell itself and on sur round-  
ing host  tissues. Fo r  example,  IL-10 was repor ted  to 
p r o m o t e  proliferat ion 1-18] as well as to induce apop to-  
sis 1-19] of an t i -CD40-ac t iva ted  CLL-B cells in vitro. 
Bivalent effects were similarly found for IL-4 [14, 15, 
32, 38, 48]. Therefore,  clinical effects of cytokine admin-  
is t rat ion are not  predictable  f rom preclinical data. On 
the other  hand,  there is no evidence for induction of 
irreversible disease progression f rom present  clinical 
experience with interferons, interleukins, and hema-  
topoiet ic  growth  factors. In  consequence,  further 
clinical cytokine trials involving new agents in context  
with preclinical investigation are urgently required. 
This might  produce  more  impor t an t  insights to allow 
for innovat ive  therapeut ic  intervent ions beyond  stan- 
dard  pharmaco log ica l  testing of cytokines. 
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