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xv. Therapy of the plasma cell tumors 

Human mind can not keep up with the dy
namic development of medical science. The 
awareness of insufficient knowledge is direct
ly or indirectly experienced by physicians 
during their every-day work with the patients. 

Physicians encounter only certain aspects 
of human life. Instead of stimulation, the in
creasing amount of information in the profes
sional literature rather elicits a feeling of suf
focation and useless efforts, hence the impos
sibile turns into helplessness. Instead of gain
ing a "hor1zontal" outlook, specialists who do 
not devote their entire time to their profession 
try to read "vertically". Such narrow special
ization induces an avalanche which could ruin 
the deep professional outlook required for 
prominent specialists. 

Moreover, the "vertical" approach is split 
further into smaller fields; clear and objective 
understanding even in these fields - for 
example in the area of therapy - is hampered 
by divergent opinions of professionals direct
ly influenced by the pharmacological indus
try. Individual experience is of value only if 
ample statistical data are obtained. In a small 
country, howerer, these are futile hopes. 

In 1900 the average life span in the USA 
was 47 years; in 1973 it reached 73 years, and 
by 2010 this value will be 82.4 years (85, 
230). Such an increasing tendency is mainly 
attributed to social measures. In Hungary, 
however, the average life span does not show 
such extremely high values. Still the "ageing" 
observed in the civilized countries is worth to 
be dealt with; the ratio of elderly people over 
65 years comprises about 10% of the popula
tion. The diseases, including the plasma cell 
malignant tumors, mainly occur in this group 
and rarely develop in the third-fourth decade. 
The dosage of drugs is usually expressed per 
kg-body weight or per unit of body surface, ab
solutely disregarding the age of the patient. The 
latter is, however, of importance in both cyto
toxic and supporting therapy. 

The aged are more susceptible to drug ther
apy partly because receptors incolved in the 
action and the side effects of drugs, become 
more sensitive, leading to an altered reaction 
of the organism (59, 179). At the same time, 
in elderly people plasma concentration of 
drugs is also altered due to changes in their 
absorption (in oral administration), distribu
tion, metabolism and the excretion. These 
mechanisms greatly contribute to the individ
ual differences in the expected therapeutical 
effect (59, 100). The pharmacodynamic (at 
the receptor site) and pharmacokinetic (due to 
drug distribution) regulation are responsible 
for the enhanced reaction (58). The pharma
codynamic changes are the sequelae of a 
modified receptor function due to the altered 
function of the organelles at subcellular level. 
A typical pharmacokinetic sign is the de
creased albumin level with subsequent lower 
carrier protein capacity, due to the decreased 
renal (between 20 and 90 years 50%); cardiac 
(after 30 years 1 % every year) and liver (after 
25 years 1 % every year) function (145, 156). 

The serum creatinin level is not an accurate 
index of an impaired renal function as the 
ageing organism reduces its production. 

Drugs are excreted from the organism via 
three different pathways; 
1. by the kidney in an unchanged form, 
2. metabolized by the liver, thus the effect of 

chemotherapeutic agents can be activated 
or inactivated and the metabolites are ex
creted with the urine or, 

3. are excreted with the bile and feces. 
The first phase of the metabolic activity of the 
li ver (oxydation-reduction or hydroxylation 
and demethylation) alters with age (158), but 
the second phase (conjugation-acetylation, 
formation of glucuronides or sulphates) re
mains unchanged (102, 157). 

The above data indicate that due to the de
creased metabolic activity of the liver, drug 
levels in the blood might be higher than in 
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young patients. This is worth pointing out, be
cause the absorption rate shows no changes 
with age. 

Furthermore, it is important to emphasize 
that elderly patients are usually hypoacidic. 

The distribution of drugs depends on the 
concentration and functional capacity of car
rier proteins; the ratio between the extracellu
lar, intravasal and intracellular spaces and that 
of the aqueous and lipid phases; and the com
petitive relationship between different drugs if 
taken simultaneously. 

The above mentioned general consider
ations, which help to understand the present 
chapter provide certain guidelines for therapy 
of the elderly. They hold true not only for the 
cytotoxic but also for the supporting therapeu
tical modalities (such as glucocorticoids, H2 
receptor blocking agents, nonsteroid antiin
flammatory drugs and tranquillizers). 

Though levels of ACTH and endogenous 
glycocorticoids show no marked changes with 
age, their elimination is reduced and the sen
sitivity of the adrenals to ACTH increases 
(12, 13). Hence in long-lasting therapy the 
side-effects might be more pronounced. For 
example if used in plasmocytoma therapy, 
these hormones impair glucose tolerance, sup
press the immune response and promote oste
oporosis (30). In young patients, 30% of 
cimetidine or ranitidine is metabolized, and 
70% excreted in unchanged form. In the el
derly patients, only 10-15 % of these drugs are 
metabolized and their clearance is decreased 
(106). Therefore, doses of these drugs should 
be carefully selected, all the more, they can 
bind and inhibit the H2 receptors of T sup
pressor cells, leading to a relative predomin
ance of helper cells and a consequent en
hancement of paraprotein production. 

The non-steroid antiinflammatory drugs are 
excreted in the urine more slowly, therefore, 
their half-life period is longer and the occur
rence of side effects (headaches, hyperten
sion, nausea, diarhea, and intestinal bleeding) 
higher (389). 

During the inevitable administration of 
morphine derivatives during the terminal 
stage of the disease, the increased sensitivity 
of the elderly to opiates should also be con
sidered (40). 

Before going into the details of therapy of 

plasmocytomas, an overview on the cytokines 
and especially interferon, is presented. 

Interferons and clinical practice 

Clinicians have recognized the importance of 
active molecules which regulate the homeos
tasis. Alteration of concentrations and ratios 
of these molecules is used for therapeutic pur
poses not only in rare diseases, but also in 
commonly occurring entities. After the dis
covery of these intrinsic regulators, laboratory 
experiments were soon replaced by industrial 
production of these biologically active mole
cules, some of which are now used in the 
clinical practice. 

These biologically active molecules are 
referred to as cytokines. Cytokines are protein 
or polypeptide cellular products which are 
produced either constitutively or as a result of 
a certain signal. Subsequently, these highly 
active molecules bind to high affinity mem
brane receptors or subcellular stuctures. 

Interferons (IFN) can be regarded as one of 
the subclasses of cytokines. They do not func
tion alone, but require complex cytokine net
works. This recognition also means that the 
cytokine-producing cells neither do function 
alone and products of one cell type would 
regulate the activity of the other cell popula
tions. Though all cytokines possess individual 
biological activity, the same molecule can act 
as a synergist, an antagonist or a modulator in 
different cell systems. Tissue culture experi
ments show that IFNs are capable of all three 
functions. The in vivo effect of IFNs is a re
sult of an interaction between multiple effec
tor mechanisms. The cytokine network oper
ates as a thorughly controlled system, which 
regulates and maintains a certain balance bet
ween the inflammatory, immunological, cell 
proliferative, and differentiation events. 

Apart from the antigen presentation and 
antibody production, macrophages and B lym
phocytes contribute to the homeostasis by se
creting soluble cytokines (15). These media
tors, however, are produced not only by nor
mal cells, but also by malignant B lympho
cytes. In contrast to immunoglobulin (mono
clonal antibodies, paraprotein) production, 
which seems to play no role in the prolifera-
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tion of malignant cells, cytokines can mediate 
the expression of the malignant phenotype. 

Following stimulation by antigen, B lym
phocytes undergo activation, proliferation and 
differentiation until they are transformed into 
plasma cells (209). The sequence, rate, and 
final result of this transformation is controlled 
by the cytokines that are produced mainly by 
T cells. Some of these mediators can also be 
secreted by B lymphocytes. Many cytokines 
are inactive on their own, but elicit their effect 
indirectly by "forcing" the cell to express the 
necessary membrane receptors. The effects of 
cytokines hierarchically bind to each other 
and regulate the synthesis of the next media
tor molecule. This effect is elicited in spatial
temporal networks. 

IL-1 exists at least in two molecular forms 
- alpha and beta - which are the products of 
two related genes located on the second chro
mosome (229, 412). IL-1-alpha predominant
ly binds to the membranes of cells that pro
duce this molecule, while IL-1-beta is se
creted into the intercellular space. Altough 
only 25% of the amino acid sequences of 
these two molecules is homologous they bind 
with equally high affinity to the surface recep
tors of target cells. (46). IL-1 induces the ex
pression of the IL-2 gene in T cells when IL
l receptors appear on the surface of IL-4 pro
ducing T helper cells (237). Apart from trig
gering B cell proliferation, receptor express
ion is a result of a cooperative interaction bet
ween IL-4, IL-2 and IL-5. IL-1 has other 
functions, for example, it stimulates fibro
blasts and monocytes in a paracrine fashion to 
secrete IL-6 (258). 

IL-2 is the key cytokine in the entire im
mune system. It was first discovered as a T
cell growth factor, although it also markedly 
promotes the proliferation and differentiation 
of B cells (193,290). 

The IL-2 receptor, a basic molecule for 
different important processes, consists of a 
light and a heavy chain. IL-2 is produced by 
T helper lymphocytes; mainly the T wi sub
population (296), though such subdivision is 
debated. Some B cell malignomas were also 
found to secrete IL-2 under special conditions 
(29). This cytokine is active during the early 
maturation phase of B lymphocytes and is 
stimulated by IFN-gamma. It also stimulates 

the synthesis of TNF-alpha, which enhances 
the anti-tumor activity of macrophages (166, 
251). 

IL-3 is required for the proliferation and 
final differentiation of plasma cell precursors 
(189). Its cellular effect is elicited in cooper
ation with IL-6 (39). IL-3, on its own, pro
motes the expression of surface immunoglo
bulins of lymphocytes. IL-3 acts not only on 
B cells but also plays a part in pro-T cell 
transformation (369) and affects basophils 
and mast cells (39, 45a). 

IL-4 is a protein with MW of 20 kD and 
is produced by a T H-2 subpopulation of T hel
per lymphocytes (296). Its most important 
function is the stimulation of B lymphocytes 
to express homologous receptors on their sur
faces (317). B cell differention, induction of 
the S phase and synthesis of other cytokines 
all depend on the presence of this molecule, 
therefore, IL-4 can be reagarded as a factor 
controlling the competence of resting cells. 
Furthermore, IL-4 induces and enhances ex
pression of the MHC-II molecule which plays 
a crucial role in T -B cell collaboration and is 
necessary for the differentiation of IgE-pro
ducing B cells. The term "growth factor" in
dicates the effect of the cytokines on T cells. 
High doses of IL-4 also stimulate prolifera
tion of B cells (387). 

Under normal conditions, similar to IL-4, 
IL-5 is also secreted by the TH-2 subpopula
tion. Earlier it has been termed TRF or 
BCGF-II. IL-5 can send mitogenic signals 
that initiate proliferation and differentiation of 
B cells, which develop high-affinity receptors 
on their surface (293). Moreover, it promotes 
differentiation of granulocytes and IgA-pro
ducing B cells. It is still not known, whether 
both effects occur simultaneously in the same 
cell or functionally different cells respond di
verqently to stimuli and differentiate into new 
subpopulations (178). 

IL-6 is a 26 kD protein, originally de
scribed as a product of B cells, is an autocrine 
differentiation factor of these cells (300). Data 
of recent studies indicate that the most im
portant function of IL-6 is the differential 
splicing of Ig specific RNA that result in the 
amplification of secretion (357). Moreover, 
IL-6 can act as a growth factor in certain sys
tems (45,401), though it is important that this 
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effect never occurs in normal B cell popula
tion (300). 

Under certain conditions, IL-6 strongly in
hibits cell proliferation (213, 259). 

Apart from its immunological functions, 
similar to IL-l, IL-6 plays an important part 
in the acute phase reaction and is also recog
nized to be a hepatocyte stimulating factor 
(HSF), (144). Furthermore, it increases the se
cretion of ACTH, corticosteroids and the 
tissue factor produced by endothelial cells. 

Finally, TNF should also be mentioned. It 
exists in two forms; TNF-alpha and TNF-beta, 
the latter generally known as LT. These two 
partially homologous cytokines elicit their ef
fect via the same receptor (1). Though this 
molecule is generally known as a macro
phage-derived factor, TNF-alpha can also be 
produced by activated T-lymphocytes (89). 
TNF-alpha has a strong cytotoxic effect on tu
mors carrying TNF receptors. 

Recent publications indicate that IL-6 pro
motes the growth of B cells (205). The above 
listed data suggest that cytotoxicity and stimu
lation of cell growth depend not only on re
ceptor binding. Both IL-l and TNF-alpha are 
active mediators of inflammatory reactions, 
including the inhibition of the lipoprotein li
pase activity. The latter contributes to cachex
ia (43) characteristic of neoplastic and inflam
matory diseases (302). TNF can also affect 
the hemostatic system and by involving an
other mechanism; it activates OAF (96) that 
increases bone resorption (42). The latter re
quires synthesis of a substantial amount of 
IL-l, like for example, in multiple myeloma 
(374). 

In different malignant hematological dis
eases, due to the expression of TNF gene by 
tumor cells and assuming the existence of an 
autocrine mechanism, TNF maintains cell pro
liferation (77). It is assumed, that similar re
actions develop in MM, however, the cytokine 
- receptor interactions take place on the mem
branes of the endoplasmatic reticulum and not 
on the cell membrane ! 

Endotoxins elevate circulating TNF levels 
(287), however the measured TNF level 
shows no correlation with its biological activ
ity (129). The reason for this is that the mole
cule maintains its antigenic properties for a 
longer period as compared to its necrotizing 

function (269). Studies in this field have re
vealed that TNF is a rather unstable dimeric 
molecule which is split into monomers at 
37 DC (298). The latter property might explain 
this virtual contradiction (l08). 

Though there is still no evidence regarding 
the direct role of cytokines in the pathomech
anism of different diseases, their inadequate 
production can aggravate certain clinical con
ditious (10 1). 

Proliferating malignant cells produce cyto
kines. Most frequently, these are growth fac
tors or cofactors utilized by the cells in an 
autocrine fashion (372). Such processes never 
occur under normal conditions, as the cells 
possessing certain types of receptors would 
never secrete cytokines capable to interact 
with them, and vice versa. Only two excep
tions are known; IL-2 (286) and fibroblast 
growth factor (FGF) (406) produced by endo
thelial cells. Moreover, normally the amount 
of the produced cytokines is thoroughly regu
lated and controlled these mechanisms tum to 
be insufficient in the neoplastic cells, so the 
high secretion rate of the cytokines will main
tain malignancy. According to the recent the
ory concerning the role of the IL-6, this mole
cule plays a key role in the self-reproducing 
process in multiple myeloma. Surviving plas
ma cells in cell culture carry a substantial 
amount of the IL-6 surface receptors and, at 
the same time, high titers of the IL-6 secreted 
by the same plasma cells were detected in the 
medium. 

As a result, uncontrolled cell proliferation 
occurs (203). A similar autocrine mechanism 
has been described for IL-5 with a myeloma 
cell line (211). IL-l produced by plasma cells 
(84) is the most potent stimulator of the IL-6 
gene transcription (258, 259). These two cy
tokines should functionally interact to stimu
late the myeloma cell proliferation. It is, how
ever, still not known, whether the IL-l auto
crine mechanism primarily induces the ex
pression of the IL-6 cytokine, or its receptor, 
or both? It is also worth to point out that in 
normal B lymphocytes IL-6 exhibits no 
growth factor activity (300). 

IFN-alpha decreases the sensitivity of the 
tumor cells to cytotoxic NK cells (256, 390, 
419). At the same time, IL-2 alone, or with 
IFN as a synergist, is a potent activator of NK 
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cells (397). The activation is a result of a spe
cific binding to the surface receptors, which 
transmit an activating signal. The receptors 
involved proved to be identical to the Tac
antigens (low affinity receptor-alpha) (236); 
pretreatment with anti-Tac MoAb abolishes 
the activity of IL-2 or IFN-alpha. 

Various IFN-alpha effects on the immune 
system have been described (128, 133, 361), 
but one of the most dramatic is the normaliz
ation of a markedly decreased NK function 
(127, 233, 342). 

Compared to the combined effect of IFN 
and IL-2, the effect of IFN alone takes sev
eral months excluding the possibility of direct 
NK cell activation by IFN. Additional evi
dence favoring this view is the sustained NK 
activation for 2-3 months, following the cess
ation of IFN treatment (180). It is, however, 
noteworthy, that IFN-alpha has a direct cytos
tatic effect on neoplastic cells, though the 
underlying mechanism is not known. 

In summary, observations regarding the 
participation of cytokines in malignant cell 
proliferation support the hypothesis that the 
insufficient surveillance of autocrine growth 
stimulation is one of the major determinants 
of neoplastic transformation. The role of the 
paracrine interaction should not be neglected; 
after a while the cultured tumor cells do not 
proliferate any more, probably due to the lack 
of the intact paracrine network system of the 
host (212, 322, 423). 

The recent finding of a chromosome dam
age in the 9p 21-22 region (219) suggest the 
elimination of a suppressor gene (136). As 
IFN-alpha and beta genes also belong to this 
region (98), it can be assumed that the anti
proliferative effect of IFN is attributed to its 
suppressor gene function (99). 

Since the first publication on the effect of 
IFN on tumors (278), the phenomenon has 
been studied in considerable detail (254). 
Despite of this, only few data are available 
about the whole process. Changes in the plas
ma cell count and levels of monoclonal gam
maglobulins give no insight into the mechan
ism as these changes can be multi causal. The 
exact amount of the administered IFN, its 
combination with other substances, the micro
environment, and its interactions with other 
cytokines still remains unknown. This means 

that the local effective concentration of the 
biologically active substance could not yet 
been assessed. 

In the case of synergistic cytokines, two or 
more cytokines, which would be ineffective 
on their own, exert their effect in combina
tions. lPN-alpha or beta combined with inter
feron-gamma (352) exhibit antitumor synerg
ism in vitro and in experimental animals in 
vivo (95). Though the biochemical back
ground of the synergism is not yet understood, 
it is assumed that the simultaneous induction 
of production of these molecules might com
prise the background of this observation (32). 
IFN-gamma contributes to the antiumor effect 
by potentiating the cytotoxic effect of TNF 
(20, 134). Due to the increased expression on 
the target cell level, more TNF receptors are 
produced (343) and more cytokines secreted 
(32). Therefore, it is hypothesized that a cas
cade mechanism is in effect in which one cy
tokine induces the production of the other and 
so forth. Hence, one would never know for 
sure that a given biological effect is directly 
elicited by the administered cytokine or is 
rather due to an indirect interaction of active 
substances expressed by the cytokine. For 
example, the inter- or intracellular presence of 
IFN-beta induced by a viral infection triggers 
the formation of TNF and IL-1, and, finally, 
the elimination of the infection (400). It is 
also well known that the increase of the IFN
alpha concentration elicits the production of 
lPN-gamma (187). 

All interferons stimulate the expression of 
MHC I and MHC II. The strong interaction 
between IFN-gamma and TNF affects not 
only the hemopoietic, but also other cells, for 
example vascular endothelium. (377). 

Antagonism has been observed between 
PDGF and interferons (116). It is assumed 
that IFN has a negative feedback effect on 
PDGF (420) or TNF. StilI, based on the above 
data, it can not be explained by what mechan
ism TNF facilitates the growth of normal fi
broblasts and why is it simultaneously cyto
toxic to neoplastic cells. 

Both the proliferative (growh promoting) 
and cytostatic effects of TNF are enhanced by 
an anti-IL-6 MoAb (213); at the same time, 
TNF stimulates the IL-6 production. This 
finding reflects not a complex process but 
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rather assumes a simple negative feed back 
control. 

IFN-alpha and beta increase CSF-I stimu
lated IL-I production by macrophages, but in
hibit the differentiation and proliferation of 
macrophage precursors and progenitors (294, 
332). Aside from promoting the immune reac
tion, IFN-gamma elicits a differentiating and 
anti proliferative effect, for example, by 
strongly abolishing the formation of myeloid 
colonies. In an in vivo mouse model IFN in
duces leukopenia, while simultaneous admin
istration of CSF-l abolishes this effect (216). 
Furthermore, antogonism is also observed bet
ween IFN-gamma and IL-4. Evidence exists 
that IL-4 stimulates MHC II expression and 
increases the number of IgE receptors (CD 
23) on Burkitt lymphoma cells, this effect, 
however, is inhibited by minimal concentra
tions of IFN-gamma (340). 

Mitotic activity of CLL cells is enhanced 
by the simultaneous administration of IL-4 
and phorbol esters and can be abolished by 
IFN-gamma (148). Similarly, IFN-gamma in
hibits the anti proliferative effect of IFN-alpha 
of human neuroblastoma cells in culture 
(147). Such antagonism can also be observed 
in macrophage cultures (422). It is assumed 
that the antagonism between the IFN-alpha, 
beta and gamma takes place at the receptor 
level. 

Interferons 

Interferons are dealt with a special emphasis 
within the group of cytokines. Their full 
classification is presented below: 

Interferon-alpha is a protein induced by 
viral infection. It has 25 subtypes while those 
prduced with recombinant techniques contain 
only one subtype. The effect of natural IFN
alpha is three times higher than that of the 
recombinant form. 

The mechanism of action of IFN-alpha is 
summarized in Table XV/I. Multiple and 
divergent effects of IFN-alpha that are partly 
morphological and partly functional can be al
located into four groups: 

I. Alteration of membrane structure, 
II. Stimulation or inhibition of induction of 

protein synthesis, 

III. Modification of the cytoskeleton, 
IV. Induction of enzyme systems. 
It is evident that not all mechanisms are acti
vated simultaneously and the exact nature of 
the response depends on the type of IFN. 

Another, so-called "priming" effect of IFN 
might be independent of those mentioned 
above (376). Pretreatment of a cell culture 
with IFN-alpha at a low final concentration 
with subsequent addition of an "inducer" (for 
example a virus) elicits a higher immune-IFN
alpha production as compared to untreated 
cultures (415). 

The problem of low doses is especially 
relevant in therapy as they would rather 
stimulate than inhibit cell growth (240). A de
tailed analysis of an ALL case supports the 
above view (306). 

It is also interesting, that pretreatment with 
IFN-alpha increases the susceptibility of pa
tients to cytostatic therapy (254). 

Though different recombinant interferons 
(IFN-alpha2, IFN-alpha2-A, IFN-alpha2-B, 
IFN-alpha2-C, IFN-alpha-C) are already 
commercially available, their effect is not dif
ferent from each other (16). 

Interferon beta 

IFN-beta is a glycoprotein that has two sub
types. It is produced by fibroblasts, and its 
production is induced by virus. In contrast to 
IFN-alpha, following parenteral administra
tion interferon-beta is rapidly eliminated from 
the circulation (44, 122, 292) and is accumu
lated in the skin. Therefore, in some viral in
fections with cutaneous localization, local 
IFN-beta therapy might be beneficial (151, 
353) 

Interferon-gamma 

IFN-gamma is one of the cytokines that regu
late processes of immune responses resulting 
from antigen stimuli. This glycoprotein is pro
duced by thymus-dependent T -cells. It shows 
slight structural resemblance to IFN-alpha and 
beta. The molecule specifically binds to cell 
membrane receptors. Other cytokines do not 
compete for the same receptors with IFN-
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IFN-a IFN-j3 IFN-y 

Antiviral effect + + + + + + + 

Mitogenic effect on different cell types - - + 

Cytostatic effect depending on 
type of tumor + ( + )? 

+ ( + + ) 

Increases expression of TNF receptor + + + -

Expression of MHC I + + + + + 

Expression MHC II + + + 

Increases expression of HLA-DR on 
+ + + keratinocytes -

Expression of IgG Fc receptor on myelo-
+ + + + -monocytes 

Induces differentiation of myelo-monocytes and 
- - + + B lymphocytes 

Decreases the number of transferrin receptors + + - -

Increases cytotoxicity of T lymphocytes and 
+ + - ( + ) 

NK cells 

Activates macrophages + - + + + 

Enhances phagocytosis - - + + + 

Enhances the ADCC reaction + + -

Enchances activity of LAK cells + + + 

Induces expression of ICAM-l - - + 

Incudes alterations of cytosceleton + - -

Pyrogenic effect + + + 

Enchances synthesis of acute phase protein - - + 

Enchances chemiluminescence + + + -

Increases CD4/CD8 ratio + + + -

Induces new enzyme systems 
- triglyceride level of cells increases 

+ + + -
- activity of 2-SA synthase increases 
- activity of alpha-naphthyl-acetate increases 

Table XVII (108, 181, 186, 238, 354, 355, 373, 390, 413, 414) 

gamma (391). Production of IFN-gamma is 
stimulated by IL-l and IL-2. Its antiviral ef
fect is much less pronounced than that of 
other interferons. Much more important is the 
immunomodulatory effect of IFN-gamma. 
IFN-gamma activates macrophages (391) that 
lead to their higher antitumor effectiveness. 
Another immunomodulatory effect is the in
duction of MHC-7 expression on both normal 
and malignant cells (104, 163). 

Activated macrophages have higher activ
ity also against microorganisms, especially 
against intracellular species (Le. toxoplas
mosis, leishmaniasis, rickettsiosis). This cyto
kine is applied in the therapy of chronic gra
nulomatosis because it stimulates the forma
tion of free redicals thus enhancing phagocy
tosis. 

Apart from the already mentioned indirect 
or immunomodulatory antitumor effect of 
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IFN-gamma, it also elicits a direct antiprolif
erative effect, although its clinical relevance 
needs further investigation (163). 

Other fields of its therapeutic use, though 
very important, have failed to show signifi
cant results (330, 341). 

Both IFN-alpha and beta are immunogenic, 
while no report is available on the production 
of anti-IFN-gamma antibodies (142, 37S, 398, 
408). It is worth mentioning that the anti
genity of ACTH, endorphins and IFN-alpha 
are similar (48, 49, SO, SI). Anti-IFN anti
bodies were identified in 1 % of treated pa
tients some untreated patients also produced 
autoantibodies (393). In the clinical practice, 
antibody production is suspected if the appe
titie of the patient normalizes and the fatigue 
decreases. The ineffectiveness of IFN is not 
always due to the presence of the antibodies, 
though the methods of investigation are far 
from being perfect (194, 202). 

Antibody formation against recombinant 
interferons is more often observed. According 
to early investigations its suggested incidence 
was about 10%, more recent data, however, 
indicate that this value is closer to 30% (372) 
or 60% (408). 

A low dose of rembinant IFN is less immu
nogenic than a high dose (408). Subcutaneous 
application is the most immunizing, whereas 
administration through the intravenuous route 
is the least effective (21S). 

The formation of anti-IFN antibodies de
pends on; 
- the nature of the IFN product used (biologi-

cal, recombinant), 
- the dose of IFN, 
- the period of IFN treatment, 
- the mode of administration, 
- the genetic background of the patient. 

Clinical applications of interferon 

Data from the literature indicate that, similar 
to other new methods, therapeutical indica
tions are not yet clearly defined. Interferons 
have been used many times on an accidental 
or " it might be beneficial" basis rather than 
based on the available data derived from in 
vivo and in vitro results. Our retrospective, 
though not complete, study summarizes the 

most important clinical entities in which 
benefit of IFN treatment can be hypothesized. 

Lymph node diseases (tumors of the immune 
apparatus) 
Hodgkin's lymphoma 
Non-Hodgkin's lymphoma (131, 132) includ
ing; 
- T-cell lymphomas (66), 
- HCL (183, 327), 
- MM (80, 326, 330). 

Diseases of hemopoietic organs (171) 
CML (304, 30S, 383, 384), 
Thrombocytemia (149). 

Solid tumors 
Renal cell carcinoma (220, 301, 324, 328), 
Melanoma (86, 87, 208), 
Transitional cell carcinoma, 
Osteosarcoma (378). 

Cutaneous diseases with skin lesions 
Psoriasis (47), 
Henoch-Schonlein syndrome. 

Viral infections 
Herpes zooster, 
Herpes simplex, 
Papilloma virus, 
- verucca vulgaris, 
- primary verucca plana, 
- juvenile larynx papilloma, 
Hepatitis B virus carriers (94, 319), 
AIDS, 
Kaposi's sarcoma (97, 231). 

In the above listed diseases, IFN-alpha is pri
marily recommended as there are no sufficient 
data on the effect of IFN-beta and gamma. 

In summary, despite the experience and the 
experimental evidence of several decades, the 
four most important questions concerning the 
application of IFN-s still remain unanswered; 
1. the proper dose, 2. the indication of ther
apy, 3. the mode of administration, and 4. the 
duration of therapy. 

(1) In the case of i.v. administered IFN
alpha a peak concentration of SOO-600 IV/ml 
is reached whithin IS-30 min. The half-life 
period is 2 hours, and its level is normalized 
in 4 hours. 
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If the substance is administered subcuta
neously or i.m., the maximum concentration 
is reached in 4 hours; 8-12 hours later the 
concentration of IFN decreases to 100-200 
IV/ml (170, 362). 

Administration of IFN-alpha, in a dose of 
1-9 x 106 IV/dose per day Lm., results in 
tolerable side effects. 

A dose of 10-18 x 106 is severely toxic and 
further elevation of IFN concetration to 20-30 
x 106 IV/dose has ireversible sequelae. Cur
rently, independent of the indications, a dose 
of 1 x 106 - 3 X 106 IV/day is applied. Rec
ombinant IFN-alpha is administered at 2-3 
fold higher concentrations. 

It has to be emphasized, that in malignant 
disease administration of IFN-alpha plays a 
dual role; 

It activates the effector system and pro
motes the MHC II and MHC I expression on 
malignant target cells in order to make them 
available for the cytotoxic and NK cells (164). 

(2) The timing of IFN-alpha treatment in 
viral and malignant diseases is selected as fol
lows; 

Administration in viral infections should be 
as early as possibile. The reason for this is, 
on one hand, to minimize the deleterious ef
fects of complications, i.e. by binding to opi-

ate receptors. Another reason is that IFN can 
prevent pain in herpes zoster (333), and, sim
ultaneously, it diminishes the dissemination of 
the disease (Fig. XV/I). 

According to our experience, in malignant 
disease (152) IFN can be given as a compo
nent of induction therapy (200, 284) alone, or 
in combination with corticosteroids (60, 63) 
in order to stabilize the process. 

However, its use as a component of a post
relapse combination seems to be not benefi
cial (68). 

(3) With regard to the route of administra
tion (370) it has to be noted that the short 
half-life period, the possible complications, 
and the properties of the commercially avail
able forms of IFN preclude the rapid i.v. ad
ministration of a single dose. IFN-alpha is 
rather administered in a slow infusion (337). 
Subcutaneous infusion (in analogy with the 
insulin pump) of IFN-alpha can prevent 
many side effects including those affecting 
the central nervous system (105, 241). This 
is the preferred way of administration when 
prolonged or repeated treatment is needed. 
When shorter or unrepeated treatment is an
ticipated, the intramuscular route is 
preferred. 

Intra-lesional applications have also been 

Fig. XVII 
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described, however these data are insufficient 
to draw any definite conclusion. 

There is debate about the principles of 
combination with other drugs and the ratio 
between the different components and IFN, 
therefore the role of IFN (synergist, adjuvant, 
potentiating agent etc.) is not determined. It is 
known that IFN sensitizes cells to cytotoxic 
drugs, parallel to this, it inhibits hepatic 
microsomal enzymes in vitro and in amimal 
experiments. These data focus the attention to 
possible desirable and undesirable therapeuti
cal interactions. For example, Placicyl (Ab
bott Laboratories, Chicago) given simulta
neously with IFN, induced a reversible coma
tose state. Interferon also enhances the neur
otoxic effect of Vinblastin. Irradiation + IFN 
cause severe mucovitis (Fig. XV/2). 

The above data show that none of the men
tioned questions have been answered ex
perimentally or empirically. The following 
considerations are, however, to be emphas
ized: 
- Unambiguous, "clear" effects of anti-tumor 

drugs (if IFN is one?) can not be expected 
at the experimental or early clinical phase, 
since at the time of diagnosis, malignant 
tumors have been developing for several 

·years or decades. It is a very bad routine 
that only immediate therapeutic effects are 
traditionally accepted and slow or delayed 
effects draw only minor attention or are in
sufficiently observed and recorded. 

- The species specificity of IFN might also 
restrict the field of its experimental appli
cation. If species specificity exists, testing 
of human interferons in animals is of ques
tionable value. 

- Determination of cytotoxicity of biological 
substances in the presently existing systems 
might not always yield reliable results. 

- It has been observed that in cases with 
similar diagnosis, phase, and specifications, 
IFN therapy of different individuals can be 
either effective or ineffective. Therefore, 
definition of sensitivity and insensitivity, as 
well as studies of intracellular and mem
brane effects of IFN are necessary. Further
more, IFN resistance might not necessarily 
indicate proliferation of the malignant 
clone treated with this cytokine, but growth 
of a new one! 

- Though we still do not have methods to in
vestigate the in vivo effects of IFN, in the 
future IFN-alpha will be applied in combi
nation with other cytokines. 

(4) How long should IFN therapy last? The 
answer is rather subjective and empiric and is 
based on only few objective facts. Usually, 
patients are treated until remission occurs, as 
for example, in the case of CAH patients, car
rying HBV virus (319). In 10-30% of cases 
the HBV antigen disappears from the circula
tion (94). Therapy is maintained for 1-6 
months. In a recently published protocol, ther
apy is initiated with a prednisone boost for 
two weeks, and is continued with recombinant 
IFN-alpha (5 x 106 IU/day s.c. for 90 days). 
The efficacy of this protocol has been proved 
by the disappearance of HBc-Ag, HBV -DNA 
and DNA polymerase from the circulation in 
the treated group, as compared to controls. In 
some patients, HBc-Ag could not be detected 
in liver cells, indicating that infection had 
been eliminated. 

In malignant disease, even a (A) full re
mission due to IFN therapy does not lead to 
recovery, (B) the incidence of relapses and 
survival rate are not changed; (C) the direct 
and indirect (long-term) dangers of therapy 
are not negligible. 

Following the administration of IFN, im-

IFN-alfa 

81 
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Fig. XV/2 
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mediate and delayed (or late) symptoms de
velop. At the present state of knowledge, 
these changes can not be identfied as true ef- . 
fects, side-effects or toxic effects. They must, 
however, be accurately recorded and physi
cians must be aware of their existence. 

Immediate symptoms resemble those of in
fluenza, including fever, chills, myalgia, arth
ralgia, temporary hypotension, headache, diz
ziness, nausea, and rarely, syncope. This 
might indicate that the symptoms of influenza 
infection and those following administration 
of IFN might be induced by the same mech
anism, i.e. the direct effect of IFN. The ana
lysis of the above symptoms suggests that all 
of them are caused by the fever induced by 
the IFN-dependent prostaglandin production 
of the hypothalamus. The central nervous sys
tem response, as well as the non-specific IL-1 
release by the immune system, are both 
caused by IFN. 

Late symptoms affect different organs and 
are, therefore, classified according to organ 
systems. 

Neurotoxic effects 

Neurotoxic effects include fatigue, impaired 
memory, loss of appetite, transient impair
ment of tasting and smelling, lethargy, confu
sion, and EEG anomalies (diffuse deceleration 
of alpha rhythm, appearance of beta and delta 
waves) similar to that seen in diffuse ence
phalitis, diffuse mental and motoric decelera
tion, in extreme cases dysphagia, loss of spon
taneous speech and motoric functions without 
alterations of personality. These changes 
might probably be due to the impaired func
tion of the frontal lobe caused by IFN itself. 
There are no available data, whether these 
changes reflect the dose-dependent physio
logic or toxic effect of IFN. According to 
published data, in two patients who presented 
with visual and auditory hallucunations coma 
and cerebral hemorrhage developed (coin
cidence?). These cases must be considered 
with special attention. The relationship of 
neurotransmitters and IFN is also to be ad
dressed. At present, however, no available 
data exist on the relationship between IFN and 
neurotransmitters. Nevertheless, it has to be 

mentioned that depression has never occurred 
following IFN treatment. In animal ex
perimental models IFN enhaced neuronal ac
tivity (70) probably due to its binding to some 
neurotropic receptors (250). Intracerebral ap
plication of IFN in mice induced endorphin
like reactions; analgesia, decreased motoric 
activity, catalepsy. These reactions could be 
reversed with naloxone (48, 51). 

Cardiovascular effects 

Tachycardia, vasoconstriction, cyanosis of the 
lower extremities and hypotension is probably 
due to the induced fever and dehydration. Be
cause of such impairment in the cardiac per
formance, IFN must be administered with spe
cial care to cardiac patients. Patients should 
be thoroughly monitored and treated only 
symptomatically. Prolonged IFN treatment, 
on the other hand, can cause congestive car
diomyopathy of unknown origin. Interferon 
enhances the contraction of fibers and in
creases the contraction-rate of cultured car
diac muscle cells (333). Occurence of arrhyth
mias, pericardial effusion, and perim
yocarditis have also been reported (247, 310). 

Hemopoietic effect 

IFN treatment always results in leukopenia of 
variable severity - the leukocyte count is 
sometimes only 40-60% of the original value 
- which affects both the polymorphonuclear 
neutrophils and lymphocytes. Changes mainly 
affect the ratio between the circulating and 
stored pools, as bone marrow studies did not 
show any alterations in hemopoiesis or matur
ation (120). It is, however, known that, under 
in vitro conditions, IFN inhibits the growth of 
bone marrow colonies. It is also important 
that leukopenia is reversible. The effect of 
IFN also depends on the exact nature of the 
underlying hemopoietic disease that requires 
IFN treatment. 

Anemia is a regular companion to IFN 
therapy. In contrast to leukopenia, its normal
ization takes more time. Anemias are always 
monochromic and normocytic. In some cases, 
development of hemolytic anemia has been 
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reported and repeated therapy has led to re
peated hemolysis. Anti-RBC antibodies are 
not involved in the pathomechanism of hemo
lysis (188). 

Development of thrombocytopenia takes 
more time. Some data indicate that some 
cases of antibody-induced thrombocytopenias 
are related to IFN therapy (268). 

Though pathological alterations of hemos
tasis are not characteristic for IFN therapy, 
they sometimes occur and are related to vit
amin K-dependent factors. Prolonged Quick 
and PTI time are the main features of these 
canges (291) 

Gastrointestinal symptoms 

Loss of appetite, vomiting, and diarrhea are 
typical side-effects of IFN therpy. While the 
former always occurs, nausea and vomiting do 
not develop regularly, and the appearance of 
diarrhea is more characteristic for high doses 
(325, 326). Abdominal colic, bleeding or ste
atorrhea never occur. It is believed that IFN 
and choleratoxin bind to the same membrane 
receptors of the intestinal mucosa. According 
to the current hypothesis, the cAMP system is 
involved in the pathomechanism of diarrhea 
(214). 

Gastrointestinal bleeding, caused by IFN
induced mucositis, develops very rarely. 

The increased SGOT and SGPT levels, as 
well as the rarely occuring pathological elava
tion of ALP and LDH indicate hepatotoxicity 
(325). Fatty change of hepatocytes is the pre
dominant histological feature (330). High 
dose IFN treatment induced liver necrosis is 
experimental mice (162). 

Renal symptoms 

Proteinuria occurs in 15-20% of treated individ
uals. In contrast to mechanisms of liver injury, 
renal changes are dose independent. Proteinuria 
is usually mild, not exceeding 1 g protein/day, 
and never leads to hypoproteinemia. Two ex
treme cases of acute renal insufficiency and ne
phrosis syndrome have been reported (19, 358). 
Renal biopsies usually show interstitial nephritis 
and minimal change nephropathy without de
posits. It is generally accepted that only a small 
proportion of IFN metabolites are excreted by 

the kidney, hence the excretion itself is not 
responsible for this "toxicity" (56). The pa
thomechanism of renal de mages is still not 
known and lPN-gamma is the most toxic 
molecule (330). Despite the apparent con
troversy, it is accepted that high blood urea 
nitrogen and creatinin do not contraindicate 
therapy even in the light-chain excreting 
myeloma patients (326). The albumin/beta-2 
microglobulin ratio in the urine remains un
changed following therapy, suggesting that 
IFN therapy causes no renal damage (379). 

Skin and appandages 

Regular monitoring of the skin and its appan
gages is mandatory over the course of IFN 
treatment. Mild loss of hair or allegy, and a 
paradoxical growth of eye lashes have been 
reported (130). Maculo-papular rash may ap
pear and histopathological studies of the af
fected areas indicate vasculitis. It can not be 
excluded that urticaria and diffuse erythema 
develop as a result of vasculitis (356). It is 
also interesting that following IFN treatment 
the condition of psoriatic patients deteriorted 
and IFN could be isolated from epidermal 
psoriatic blisters -(47). 

Bone and muscle 

Response of bone and muscle to IFN should 
be studied in more detail also on the ex
perimental level. Transient myalgia and arth
ralgia in patients with CML treated with IFN 
can be so severe that they require treatment 
with potent analgetics. However, laboratory 
analysis show no signs of muscle damage. 
Another interesting finding is the pain of pre
viously painless ostosteolytic lesions of 
myeloma patients treated with IFN. These 
data are in contradiction with reports concern
ing the effect of IFN on endorphins. Increas
ing pain of bone metastases of other solid tu
mors has never been observed (330). 

Endocrine system 

The following laboratory findings support the 
involvement of the endocrine system: 
- elevation of the hydroxycorticosteroid 

level, 
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- increased insulin requirement in diabetes, 
- decreased progesterone and estron levels, 
- development of hyperkalemia and hyper-

calcemia, 
- decrease in HDL concentration, 
- increased ratio of triglicerides to choleste-

rol, 
- hypo- or hyperthyroidism. 
The latter is probably due to the interaction of 
IFN with TSH receptors. 

In summary, an attempt was made to con
sider the effect of IFN-s and their relationship 
to other cytokines in order to emphasize the 
importance of meticulous, long-term monitor
ing and follow up, and recording of even 
minor symptoms of patients treated with IFN. 

Cytostatic therapy 

The introduction of melphalan (M) and cyclo
phosphamide (CTX) 25 years ago for therapy 
of plasma cell tumors has been a milestone in 
tumor chemotherapy. 

Unfortunately, since that time, another step 
of similar significance has not been made. 
Despite the intensive, multidirectional re
search, our knowledge has not inmpoved and, 
similar to other tumors, therapy of plasmocy
tomas still remains an enigma. 

All patients with plasmocytomas require 
treatment but not in all phases of the disease. 
Conventional staging is not applicable to plas
mocytomas. If, for example, the MG level is 
lower than 3 g/dL, the plasmocyte count in the 
bone marrow does not exceed 10%, and ane
mia, renal damages or osteoporosis are not 
present, patients should not be treated but ob
served thoroughly. (Certainly, exceptions al
ways occur, i.e. patients having severe pain 
require treatment.) 

Early attempts to combine different che
motherapeutics gave no superior results than 
the usual melphalan + prednisone (MP) proto
col. 

The recently applied combinations, how
ever, yielded significantly better results with 
regard to the improvement of laboratory par
ameters of myeloma patients, as compared to 
results with the convertional MP protocol 
(271, 345). Conversely, in 1979 there was no 
difference between these two groups with re-

gard to survival (265). Therefore further ef
forts had to be made with respect to the indi
vidualization of myeloma therapy. 

The first step of improvement was the em
ployment of cycle-active drugs. It has also 
been observed that absorbtion of orally ad
ministered drugs varies but that of Lv. che
motherapeutics yields standard values (4, 
264). Therefore, the majority of components 
in newer combinations Can be administered 
through the intravenous route. Protocols pref
erntially contained melphalan (L-phenyla
lanine mustard), cyclophosphamide, Carmus
tine, Lomustine, doxorubicine, vincristine, 
hexamethylmelamine, and cisplatine (cis
diamino-dichloroplatinum) combined with 
corticosteroids. Since the experience obtained 
with these combinations has been diverse, a 
method to determine the sensitivity of a par
ticular tumor to cytostatics was needed. For 
this purpose, in vitro testing of cytostatics on 
tumor cell cultures cultivated in soft agar has 
been introduced (347). Fast uptake of H3-thy
midine (labeling index of bone marrow plas
ma cells (BMPCLI) indicated the intrinsic 
sensitivity of neoplastic plasma cells to cytos
tatics (109, 335). These plasmocytomas re
sponded to cytostatic therapy with a rapid de
crease in the tumor mass. Further studies 
showed that these are clones of aneuploid 
plasmocytes prone to a rapid remission, a 
short remission period, and an early relapse. 
Therefore, selection of adequate therapy must 
be based not only on the determination of LI, 
but it also requires the determination of the rate 
of DNA synthesis (107, 150). With the aid of 
the latter method it was possible to estimate the 
proliferative characteristics of plasma cell 
clones and to select a therapeutic regimen per
mitting alternative cytostatic treatment. 

The therapeutic sensitivity of resistance of 
plasma cells (or the possibility to influence 
the course of the disease) is controlled by, 
- the decrease in the serum and urine concen

tration of the M component, 
- the changes (if any) in the blood urea ni-

trogen (BUN) and serum creatinine values; 
- the serum calcium level, 
- the WBC count, 
- the decrease in the urine level of ~rmicro-

globulin, 
- and X-ray studies. 
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The clinical activity of the disease, however, 
does not correlate with the changes in the 
tumor mass, as indicated by the studies listed 
above. Recent studies indicate that monitoring 
of the light chain isotypes carried by periph
eral lymphocytes is more informative, since 
inhibition of their expression is characteristic 
to the plateau phase of the disease. Cessation 
of this suppression indicates activation of the 
disease (235, 303, 410, 411) Progression 
needs to be verfied by the detection of prolif
erative activity of plasma cells, which is 
evaluated by bromodeoxyuridine (BrdU) in
corporation. The uptake by DNA is visualized 
by an anti-bromodeoxyuridine MoAb (54, 
103, 155). Its value is about 1 % in resting 
tumors and is elevated in relapses (115). Simi
lar to resting tumors low values are measured 
in MGUS and indolent myelomas (159, 160). 
Independent of the type of tumor, higher 
values indicate worse survival rate (l09, 114, 
232). A new, generally applicable, method to 
determine tumor growth, based on the use of 
monoclonal antibodies, is under development. 
With this, a more accurate assessment of the 
cell fraction that is capable of proliferation 
can be made (147, 167). 

Further kinetic studies could not have been 
performed unless human plasma cell culture 
models had not been available. At present, 17 
cultures of unusual phenotype exist (257). 
Using short-term cell culture, a reliable 
method was developed to evaluate drug sen
sitivity. Evidence exists that while CDg+ cells 
inhibit growth, the presence of CD4+ cells is 
desirable, because they help maintain survival 
of the culture (288). 

Results of recent research heve substan
tially contributed to our better understanding 
of the role of cytokines. In summary, these 
biologically active growth factors specifically 
affect certain types of cells (209, 210). Fol
lowing the processes of information transfer 
and committent induced by IL-l and IL-2, B 
cells differentiating in the presence of the IL-3 
(187, 405) are activated by IL-4 (331, 421). 
Their proliferation is mediated by IL-5 (368) 
and they acquire their final form (plasma cell) 
due to the action of IL-6 (182). Recent 
studies have revealed that BSF-2, interferon 
~-2, and hybridoma growth factor are identi
cal to IL-6 (144, 399). The observation that 

myeloma cells have surface receptors for IL-6 
raises the possibility that IL-6, as an autocrine 
growth factor, is responsibile for the irreversi
bility of the neoplastic growth and the disease 
itself (203). A paracrine mechanism, is also hy
pothesized as, according to our present knowl
edge, IL-6 exerts its effect on the adherent cells 
in the bone marrow (212). Since it has been 
found that the action of BCGF (IL-5) also in
volves an autocrine component, it is assumed 
that autocrine and paracrine stimulation of cells 
can be active simultaneously or, according to 
the particular need, either of them predominates 
(211). Answers to these questions will be given 
only following the exploration of the exact 
molecular mechanism of action interleukins and 
the activity of receptor genes. 

These studies might allow a deeper insight 
into the mechanism of pathologic proliferation 
of plasmacytoma. 

With regard to prognosis, it is important 
that neither of the patients with hypodiploid 
plasmocytes responded to Melphalan-Predni
sone or VAD therapy. A higher RNA content, 
on the other hand, indicated a better respon
siveness to therapy (22). The ratio of unclear 
DNA and cytoplasmic RNA remains constant 
over the course of the disease, therefore, ab
solute values of these parameters do not re
flect the sensitivity to therapy (27, 69, 221). 

- Most of the myeloma cells are aneuploid 
and exhibit a differentiated B cell phenotype. 
The presence of diploid cells with an imma
ture phenotype in an aneuploid population 
suggest involvement of different stem cells 
(117) (experience gained with missile therapy 
support this hypothesis). 

The already mentioned importance of de
tection of malignant cell precursors should be 
specially emphasized (221, 280). Under nor
mal conditions these proliferating cells are 
rarely found in the circulation. While the num
ber of these precursors increases in relapses 
only few are detected in remissions (53, 320). 
Empirical evidence exists that chemosensitivity 
of these proliferating cells is markedly higher 
than that of cells at rest (55, 321). 

Knowledge and detection of factors charac
teristic for myeloma, are not only of theoreti
cal importance; they also contribute to the 
precise diagnosis and selectian of adequate 
therapy (315). Thus: 
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- using anti-idiotype antibodies, markers of 
malignant cells i. e., surface immunoglobu
lins of transformed B cells that are of ident
ical idiotypes to paraproteins, can be de
tected (effect of uniforming factor!) (279); 

- this test also proves clonal B cell predo
minance (CBE) (282, 314); 

- suppression of light chain isotypes (LCIS) 
can also be monitored (197). More specifi
cally this means that, for example in a 
lambda monoclonal gammopathy the in
crease of the lymphocyte subpopulation 
carrying a kappa light chain indicates a 
shift towards equlibirium and, simulta
neously, improvement of the disease; 

- Karyotype analysis reveals identical anom
alies in peripheral and bone marrow lym
phocytes (248); 

- subsequently, the rearrangement of identi
cal clonal genes occurs in peripheral lym
phocytes and plasma cells in the bone mar
row (31) according to these it is also as
sumed that on the basis of cell surface 
structures some of the pluripotent progni
tors belong to neoplastic proliferating 
clones (119). 

In myelomas with bone lesions measurement 
of the concentration of osteoclast activating 
factor (OAF) seems reasonable as OAF levels 
close correlation with the dissemination of 
bone lessions (III). Changes of OAF as a re
sult of therapy deliver important information. 
It must be, however, mentioned that OAF iso
lated from the supernatant of myeloma cell 
cultures is not homogenous (297), i. e., it con
sists of a high and a low molecular weight 
component (299). One molecule has been 
later identified as TNF-~ and another as IL-
1-~ (84, 143, 204). Mautre B cells contain 
neither of these components while both are 
detected in neoplastic plasma cells (84). It is 
hypothesized that these factors induce ex
pression of IL-5 (211) and IL-6 (203). TNF 
can act as a tumor growth factor not only in 
plasmacytoma but also in HCL and (77) CLL. 
IL-5 (BCGF II) and IL-6 receptors on myelo
ma cells could serve as targets for missile 
therapy. 

Plasma cells also carry vitamin D3, glyco
corticoid, estrogen, and progesterone recep
tors (92, 93, 255, 339). The role of these re-

ceptors in biological functions, malignant 
transformation, and aggressive behavior is un
known. 

It is clear that the expression of glycocor
ticoid receptors shows correlation with the ef
fect of IFN-a (255, 402). Susceptibility to 
bacterial infections is due to the diminished 
function of T and B lymphocytes (191, 201). 
IgBF can suppress normal B cells and this 
factor might be identical to the Ig-Fc receptor 
expressed on the T cells (323). 

Resistance of malignant plasma cells to cy
totoxic agents (MDR) might turn into a pre
dominant property in tumor cell cultures (90, 
239). The MDR phenotype depends on the 
presence of a p-glycoprotein (p-170), which 
prevents the effect of certain anti-tumor 
agents (for example anthracyclins and vinca 
alcaloids) by stimulating their outflow from 
cells (190, 417). Experiments with an anti P-
170 MoAb (199) indicate that high expression 
of p-170 has led to V AD resistance (118). It 
is interesting that such drug resistance could 
be prevented with Ca-entry blocking agents 
(395). It is assumed that the Ca-blockers 
would prevent the increased "pumping out" of 
cytotoxic drugs from the cell (78). This ques
tion, though still unanswered, is by all means 
of high interest (91). 

- No systemic study on the development of 
the disease have been performed. In the ma
lignization period the LDH level increases. 
Studies on human plasma cell lines prove that 
IL-5 is an autocrine growth factor (211). 
Bone marrow monocytes produce IL-6, 
which binds to the IL-6 receptors of plasma 
cells, indicating paracrine regulation (212). A 
parallel autocrine mechanism also exists as 
proliferating malignant plasma cells are also 
capable of producing IL-6 (203). 

The increasing activity, proliferation, and 
differentiation of normal B cells, elicited by 
IL-4, IL-5, and IL-6, gain an important role 
in maintaining the growth and differentiation 
anomalies of myeloma. 

Production of IL-1 (84, 204), TNF (77, 
143), IL-4, and IL-5 (211) maintains autocrine 
growth, i.e.a. stimulatory loop, and IL-6 pro
duction of bone marrow monocytes con
tributes to the maturation of plasma cells 
(212). 
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Principles of indications of chemotherapy 

The course of plasmocytomas shows a broad 
variety, from asymptomatic forms to those 
leading to death in a few weeks. It is known 
that the incidence of lytic lesions, osteopenia, 
bone pain, increase of the m-gradient, renal 
isufficiency, amyloidosis, and weight loss in 
asymptomatic patients is around 2 % annually 
(12). Profilactic cytostatic therapy has no ef
fect, as statistical analysis indicates no im
provement of the survival rate (38). Che
motherapy should be reserved for the most 
dangerous period of progression (225). If 
therapy should be immediately started after 
the diagnosis as reguired by the stage of the 
disease, but the patient has other complica
tions (infections, inflammation, complications 
requiring orthopedic or neurosurgical treat
ment), complications have to be solved prior 
to the onset of chemotherapy. Chemotherapy 
must not be, however, delayed if patients have 
pain, azotemia, hypercalcemia, or hypervis
cosity syndrome. The decrease of tumor mass 
(A), the maintenance of the induced remission 
(B), and effective resumed treatment if relap
ses occur (C) are the primary goals of che
motherapy. We must always keep in mind that 
plasmocytomas, or at least some of them, are 
the anomalies of the progenitor cells. (25). 
Therefore, the following questions arise: 
when should we start therapy (?), which drug 
combination should be selected (?), and what 
is the optimal period of treatment (?). All 
these questions, of course, equally refer to 
items, A, B, and C. 

A) Induction phase is the first step of therapy 
for untreated patients. Analysis of adata con
cerning the size and behavior of the tumor (H3 
thymidine or bromodeoxyuridine uptake, LI, 
stage classification, flow cytometry results) 
(115) indicate that the preclinical period is 
about 3-33 years. In this period the ratio of 
proliferating cells is the lowest. Elevation of 
the otherwise normal LDH values suggests 
progression, sometimes with lymphoma-like 
clinical picture (26). High LDH liter indicates 
that the clonal development resulted in a 
myeloma of a less differentiated tumor pheno
type. 

In summary: 
1. hypodiploid DNA, low plasma cell RNA 

index, and high ~2-microglobulin levels 
mean absolute drug resistance, 

2. high serum LDH and low RNA index in
dicate short remission, 

3. low survival rate is expected at high serum 
LDH and ~rmicroglobulin levels. 

High LDH level (26), low CALLA expression 
(117), high H-ras activity (394), myelocytic 
phenotype (168), and high proliferative activ
ity (161), are regarded as important prognos
tic factors. It is noteworthy that high LDH le
vels frequently accompany renal insuffi
ciency, suggesting an unfavorable prognosis 
(14). 

The exact nature of the disease can be as
sessed only after the evaluation of the re
sponse to induction therapy. 

It has to be emphasied that drug-resistant 
cells that exist among the proliferating tumor 
cells are also activated by induction therapy 
(346). This observation underlines the import
ance of introduction of cycle-active drugs into 
the starting chemotherapeutic combination. At 
present no definite rules can determine the 
exact period of therapy. Though certain ther
apeutic protocols have been developed, toler
ance of patients to therapy shows marked in
dividual changes. Rigid application of any 
protocol can be of more harm than benefit. 

B) With regard to the kinetics of the prolif
erating tumor cells, the plateau or remission 
is a rest period. Even in those cases when MG 
disappeared, tumor markers could still be de
tected using special MoAbs (141). Therefore, 
a so called maintenance therapy has been sug
gested. Unfortunately, the refractory anemia 
that almost always develops is followed by 
monomyelogenous leukemia in 2-6% of cases 
(153, 338). Therefore, one of the basic re
quirements regarding maintenance therapy is, 
parallel to the largest possible tumor mass re
duction, that it should minimize the risk of the 
development of a second tumor. In our opi
nion, cytostatic therapy is unnecessary (11 0), 
and our purpose is rather to stabilize the re
duction of the tumor mass. Theoretically, sev
eral agents are suitable for this purpose, 
paractically, however the choice is narrow. At 
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present IFN-a. is the only agent of choice, 
however, the dose and period of therapy needs 
further studies. 

Plasma cells of IFN-a.-treated patients are 
resistant to IFN-a. which might be a possible 
consequence of genetic changes (242, 243, 
349). 

Usually, IFN-a. inhibits the clonogenic 
growth of plasma cells cultured in soft agar 
(173). In contrast to these findings, stimula
tory effect of IFN-a. in a final concentration 
of 120 IU/ml (242), has also been observed, 
thus the use of low doses in vivo is risky. 
Human myeloma cells are heterogeneous with 
respect to their IFN-a. sensitivity, hence, 
higher doses should be applied. 

C) The term relapse denotes an increase of the 
tumor mass with a simultaneous development 
of drug resistance. This definition, however, 
does not always hold true as during the first 
phase of relapse, or during the first relapse, 
tumor growth is not solely attributed to the 
drug-resistant cell population; in these cases 
therapy might be beneficial. Over the course 
of repeated relapses the population of the 
drug-resistant cells increases and finally the 
whole population might consist of drug-resis
tant cells. Unfortunately, therapy of such pa
tients wiII not be successful (184). 

Precise diagnosis and indication is the first 
important requirement before starting therapy. 
Patients who do not require therapy (lMG) or 
those, who at the time of diagnosis need not 
be treated (indolent myeloma) most be ex
cluded. All patients, however, must be thor
oughly observed. 

The second requirement is the selection of 
an adequate protocol which depend on the 
type of the tumor (for example less malignant 
IgG-K or more malignant LCD) (113, 267). 

The third requirement is the evaluation of 
the results of induction therapy. As a result of 
this evaluation, independent from staging, we 
can categorize each particular case and its 
prognosis. 

The main goal of therapy is to alter the 
course of the disease as the disease itself is 
incurable. 

Though the prognosis is markedly hindered 
bay the occurence of asymptomatic (lantanic) 
myeloma, available data indicate that the 

mean survival rate post-diagnosis ranges bet
ween 7-30 months. 

Imrpoving areas of supporting therapy, i. e. 
management of infections, hypercalcemia, 
anemia, renal and hemorrhagic complications, 
all contribute to the better clinical results. 

Though the traditional M + P therapy or 
other accepted combinations have led to im
proved quality of life, diminished symptoms, 
and prolonged survival, they basically did not 
alter the course of the disease. 

Results with M + P therapy resemble those 
obtained with the most agressive agents. Ana
lysis of results and complications of trials with 
more aggressive combinations, claiming them 
as more efficient, are not very convincing. 

Further development of M + P therapy was 
based on the observation that both murine and 
human plasma cell tumors resistant to Mel
phalan were still sensitive to Cyclophospha
mide (34, 312). There is however, evidence 
that there is no significant difference with re
spect to remission or prolongation of survival 
(36). 

Despite the fact that treatment with 
VBCMP protocol resulted in remission in 
70% of patients as compared to 50% with M 
+ P, we emphasize again that there is no dif
ference in the mean survival of the two 
groups. 

We also failed to confirm those recently 
published findings that certain drug combina
tions (VMCP, VCAP, VBAP), used to treat 
third stage disease, significantly improve re
missions and survival rate (350). Moreover, 
according to some followup studies of pa
tients treated with M + P, survival was longer 
by 11 months (11). 

These results suggest that the real character 
of plasma cell tumors can he identified only 
retrospectively and this observation substan
tially influences the evaluation of theraputical 
resutls obtained from randomized trials. 
Therefore, these trials only partially reflect 
the efficacy of therapy as these randomized 
groups immanently carry the possibility of 
variability of results (Tables XV/II, XV/III, 
XV/IV, XV/V). 

These tables unequivocally prove that com
pared to the cytostatic era, survival rate und 
quality of life of patients treated with other 
drugs were significantly inferior. 
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Different cytostatic combinations, how
ever, failed to deliver different results, thus 
rating them as better or worse can not be car
ried out. Despite of this, a critical analysis of 
the available therapeutical modalities is 
presented. 
1. Melphalan (I-phenylalanine mustard) for 

plasmocytoma therapy is commercially 
available in the name of. Sarcolysin* (al
ternative names: Alkeran, Peptichemio**). 
Different protocols suggest a daily dose of 
3.5-70 mg (see Table). It is usually com
bined with prednisone or other steroids, the 
role of which is still obscure. Steroids un
doubtedly improve and prolong remission 
without affecting survival. They probably 
enhance catabolism of immunoglobulins 
(165) and, due to their Iymphoclastic ef
fect, inhibit the maturation of precursors. 
Statistical analysis shows that the survival 
rate following M + P therapy ranges bet
ween 24-30 months (7, 113, 275). 

2. In 70% of cases combination therapy elicits 
beneficial symptomatic effect, furthermore it 
causes a 70% reduction of tumor mass in 
45-70% of the patients. Full remission with
out any clinical or laboratory signs is rare 
and is observed in 15% of cases. 

Different evaluations of results do not alter 
the inevitability of the relapses (113). Further
more, if individual complications and the fre
quently occurring deterioration in the quality 
of life are considered, the efficacy of therapy 
will also be doubted (9, 316, 318, 388). The 
onset of an optimal therapy depends on the 
extent of dissemination. Combined cytostatic 
therapy of patients in stage I-II is less effi
cient than those is stage III (350). It is gener
ally accepted that duration of chemotherapy
induced remission informs on the tumor mass 
and is a prerequisite of a long survival. 

Further analysis of survival indicates that 
independent of the applied therapy, similar 
values are obtained at 48 months. Therefore, 
this finding can not be explained through ther
apy only, but suggests the involvement of a 
variety of other unknown factors. 

Of the periodically applied combined ther-

* Sarcolysin is a "D" nd Melphalan is an "L" form 
** Peptichemio is identical to Sarcolysin peptide 

apies the M2 protocol seems to be the most 
promising (311, 316). 

The effect of VCAP protocol applied every 
three weeks also seems beneficial. 

Vincristin-Adriamycin infusions combined 
with oral high doses of dexamethasone and 
supplemented with oral CTX (V AD-VCAD) 
efficiently induces remission, however, it 
does not improve survival (14). 

Comparative studies of ABCM combina
tion and M monotherapy are unequivocally in 
favor of combination protocol (249). 

HDM (high dose Mephlan 140 mg/m2) is a 
highly toxic but efficient therapeutic mo
dality. Because of its short-term action, relap
ses occur in 11 months (359). HDM applied 
as induction therapy induces full remission 
with normalization of bone marrow plasma cells 
and disappearence of the M component. It 
should be, however, emphasized that this form 
of therapy markedly differs from others as it can 
be applied only in those patients who are able 
to tolerate high doses of toxic sobstances. In 
these individuals long remissions of 37-50 
months have been described, though, similar to 
others, HDM therapy is not curative. 

With regard to therapy following aspects 
should be considered. 
1. At Cr51 EDT A clearance values of 40 

m\fmin a full dose can be applied; if the 
claerance ranges between 31-40 ml/min -
half dose (70 mg/m2) is recommended; at 
lower values a dose of 30 mg/m2 should be 
used. 

2. The Ca++ level should be meticulously 
monitored. 

3. Adequate hydration of the patient is im
portant. 

4. Though immobility due to pathological 
fractures is not a contraindication, im
provement of this condition, as a result of 
therapy, can not be expected. 

5. IgA MG is more sensitive to HDM therapy 
than IgG MG. 

6. High MG shows an exponentially decreas
ing tendency. 

7. Therapy should be supplemented with 
preventive treatment against Pseudomonas 
aeruginosa. 

8. HDM therapy is less effective if patients 
have been previously treated with oral M 
(263). 
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Table XVflI 

Treatment of multiple myeloma with melphalan and cyclophosphamide 

Source Time of Intmal of survey Dose of used drug and interval of therapy f'umher Remission Reference report of patients (%) 

1. Korst, D. R., et al. 1964 cyclophosphamide 2 mg/kg/day 165 48 217 
2. Finkel, M. E., et al. 1966 melphalan 0.05 mg/kg/day 28 50 125 
3. Hoogstraten, B., et al. 1967 1959-1965 melphalan 0.15 mg/kg/day through 7 

days, in repeated cycles 64 45 185 
4. Bergsagee. D. E. 1967 melphalan 1-2 mg/kg through 4 days, 

repeated for 6-8 weeks 199 34 33 
5. Alexanian, R. 1968 1959-1965 melphalan 1 mg/kg 4 days a week, 

through 6 weeks 82 49 3 
6. Alexanian, R., et al. 1969 melphalan 0.025 mg/kg/day continously 35 19 6 

melphalan 1.0 mg/kg intermittently 69 35 

melphalan + prednisone 79 70 
7. Mc Arthur, J. R. 1970 1962-1968 melphalan 4.0 mg/day 39 41 260 
8. MRC I. trial 1971 1964-1968 cyclophosphamide 150 mg/day 141 270 

melphalan 4 mg/day 133 
9. Velez-Garcia, E. et al. 1971 1964-1968 melphalan 6-10 mg/day for 7-10 days, 

then 2 mg/day after a 14 day break 32 46 404 
10. George, R. P., et al. 1972 melphalan 0.25 mg/kg/day for 4 days + 31 74 146 

prednisone 2 mg/kg/day 

11. Costa, G. et al. 1973 1965-1966 melphalan 0.15 mg/kg/day for 2 days, 
then change 60 25 79 

melphalan 0.15 mg/kg/day for 2 days + 
prednisone 71 48 

melphalan + prednisone + testosterone 58 54 
12. Brook, J., et al. 1973 1962-1968 melphalan 0.05 mg/kg/day then lower 45 38 61 

dose continously 

13. Farhangi, M., et al. 1973 Continous melphalan treatment 41 80 123 
14. Bernard, D. B., et al 1974 melphalan 0.15 mg/kg/day for 7 days + 

prednisone 52 40 41 

15. Cuttner, J. 1975 melphalan 0.05 mg/kg/day 38 16 88 

melphalan 0.60 mg/kg/day 46 50 

melphalan 0.05 mg/kg/day 41 34 

16. Lee, B. J. 1976 1963-1975 melphalan 60 30 234 

17. Mellstedt, H., et al. 1977 1970-1974 melphalan 0.25 mg/kg/day for 4 days, 
through 6 weeks + prednisone 32 75 277 

18. Harley, J. B., et al. 1979 melphalan 0.15 mg/kg/day for 7 days + 
prednisone 127 56 176 

19. Bergsagel, D. E., et al. 1979 1973-1977 melphalan 9 mg/m2/day for 4 days + 
prednisone 100 40 36 

20. MRC II. vizsgalat 1980 1968-1975 cyclophosphomide 150 mg/day for 7 
days, every 6 weeks 124 272 

melphalan 10 mg/days for 7 days, every 
6 weeks 128 
melphalan 10 mg/day + prednisone for 
7 days, every 6 weeks 120 

21. MRC III. trial 1980 1975-1978 melphalan 100 mg/day for 7 days + 
prednisone every 3 weeks 179 273 

cyclophosphamide 600 mg/m2 i-v. every 
3 weeks 174 274 
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Treatment of multiple myeloma with melphalan and cyclophosphamide 

Source Time of Interval or survey Dose or used drug and interval or therapy Number Remission Rererence report or patients (%) 

22. Ahre, A., et al. 1983 1974-1978 melphalan 0.07 mg/kg/day for 3 weeks 99 45 2 

melphalan 0.25 mg/kg for 4 days + 120 31 
prednisone 2 mg/kg/day 

23. Jak6, J., et al. 1990 1972-1989 melphalan 6.0 mg/m2 + prednisone 60 275 65 
mg/m2 

Table XVflII 

Combined cytostatic therapy of multiple myeloma 

Source Time or Interval or survey Combination used Number Remission Complications Rererence report or patients (%) 

1. Bergsagel, D. E., et al. 1972 HD-CTX-800 mg/m2 34 
2. Shaw, M. T., et al. 1974 COAP CTX E 363 

Oncoyin ~~~ 
Cytosine-Arabinoside ._.- ...." ...... ~ cu 
Prednisone "'Vl!:-

~o<l)::: 
3. Alexanian, R., et al. 1977 1965-1974 VAD V - 0.4 mg i. y. ::: o...c: 0 

E E of'B 
for 4 days 305 CIj ~.- 0..> 8 

"'0 E"-'" 
A - 9.0 mg/m2 i. Y., o .. ~.5 

3 days ..... ~ <I) > 
~ ~u::E 

D - 40.0 mg p.o., ~~llu 
then break 

4. Bergsagel, D. E., et al. 1979 BCNU-CTX-M-P 36 
BCNU - 150.0 mg/m2 

i. Y., 1 day 
CTX - 325.0 mg/m2 

i. Y., 1 day 
M - 9-12 mg/m2, 4 days 
P - 100.0 mg p.o., 

4 days 
5. Harley, J. B., et al. 1979 1973-1978 BCMP-MP 252 40 176 

6. Riccardi, A., et al. 1980 1972-1979 PTC-V-P 
PTC - 40-60 mg/48h 334 

V - 2.0 mg 
P - 30 mg 

7. Ludwig, H., et al. 1981 Alternating administration of 
BCNU-CTX-M-P 65 29 243 

8. Cohen, H. J. 1982 Hexamethyl melamine -
Prednisone of 

9. Bonnet, J., et al. 1982 VBAP '2 
Vl <I) 

10. Broun, G. D., et al. 1982 Cysplatin-BCNU-CTX-P .- 0. 62 Vl 0 
2.n 

Cysplatin - 50.0 mg/m2 i. Y. ::s E 
~ 0 

BCNU - 50.0 mg/m2 i. Y. <I) ... ::: 
.n..c: 0 

CTX - 300.0 mg/m2 i. Y. 
::s ...... _ 
- ro'" U 

P - 75.0 mg day for ~'2 J§ 
1 week, then '" 8..5 
a 4 weeks break; '2 2-

o '5.~ 
3-4 ·cycles altogether. E<I)-o 

::s c:: ~ 
11. Kyle, R. A., et al. 1982 CAP CTX - 400.0 mg/m2 i. Y. <I) • u 223 ::: Vl 0 

Adriamycin - 30.0 mg/m2 i. b. 
0.';:: >. 
]'So E 

once a week, gOE 2 
P - 0.6 mg/kg dey ide o <I) ::s 

in three equal 
13 E iil 

portions. 
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12. Kyle, R. A., et aJ. 

13. Ahre, A., et aJ. 

14. Barlogie, B., et aJ. 
15. Alexanian, R. 
16. Cohen, H. J., et aJ. 

17. Finnish Leukemia 

Group 

18. Gore, M. E., et aJ. 

19. Hk6, J. 
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Combined cytostatic therapy of multiple myeloma 
Time of 
report luten'al of sumy Combioation used Number Remission 

of patients (%) Complications Reference 

1982 VBCMPV 

BCNU 
M 
CTX 
P 

- 1.2 mg/m2 i. v. 
- 20.0 mg/m2 i. v. 
- 8.0 mg/m2 p. o. 
- 400.0 mg/m2 i. v. 
- 40.0 mg/m2 p. o. 

1984 Alternating administration of 
VMCP and VBAP 

1984 1982-1984 VAD 
1985 1974-1980 VAD 

1985 BCNU-CTX-P 

1985 

CTX - 400.0 mg/m2 i. v. 
P - 75.0 mg p. o. 

Administration of i. v. drugs 
every 7 days, repeated 6 times; 
continous administration 
of prednisone 

MOCCA 

V - 0.03 mg/kg 
(max 2 mg), 1 day 

CTX - 10.0 mg/kg, 1 day 
CCNU - 40.0 mg p.o., 1 day 
M - 0.25 mg/kg, 1-4 days 
P - 0.8 mg/kg, 1-7 days 

0.4 mg/kg, 8-14 days 
Repeated on every 35th day. 

20 60 
256 30 

1989 VAMP 50 20 

42 1990 1981-1989 VAC MP 17 

V - 1.0 mg/mg/m2 i. v., 
1 day 

A - 8.0 mg/mg/m2 i. v., 
1 day 

CTX - 400.0 mg/m2 i. v., 
1-5 days 

P - 0.6 mg/kg p. 0 every 
day for 

7 days, repeated every 6 weeks. 

Table XV{lV 

223 

3 
21 
13 
73 

126 

154 

Combined cytostatic and IFN treatment of multiple myeloma 

Source Time of report Combination used Reference 

1. Costanzi, J. K., et aJ. 1985 Chemotherapy + Interferon 81 

2. Cooper, M. R., et aJ. 1986 M-P + Interferon-alpha 2 75 

3. Cooper, M. R., et aJ. 1987 M-P + Interferon-alpha 2b 

4. Ludwig. H., et aJ. 1987 Chemotherapy + Interferon 246 

5. Ludwig, H., et aJ. 1987 Chemotherapy + Interferon 245 

6. Kyle, R. A., et aJ. 1988 VBMCP + Interferon-alpha 2 226 

7. Mellstedt, H. 1988 M-P + Human lPN-alpha 283 
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Table XV{V 

Interferon therapy of multiple myeloma 

Source Time of report Type of interferon used Reference 

1. Mellstedt, H., et al. 1979 Interferon-alpha 278 

2. Gutterman, J. V., 1980 Interferon-alpha 169 
et al. 

3. Mellstedt, H., et al. 1982 Interferon-alpha 281 

4. Quesada, J. R., et al. 1984 Recombinant interferon 326 

5. Costanzi, J. J., et al. 1985 Interferon-alpha 2 80 

6. Oken, M. M., et al. 1985 Interferon-alpha 2 308 

7. Case, D. C. 1986 Interferon-alpha 2 (Intron A) 71 

8. Ludwig, H., et al. 1986 Interferon-alpha 2c 244 

9. Ohno, R., et al. 1986 Interferon-alpha 2a 307 

10. Quesada, J. R., et al. 1986 Interferon-alpha 2b 329 

11. Taguchi, T., et al. 1986 Interferon-alpha 2a (Roferon) 385 

12. Costanzi, J. J., et al. 1987 Interferon-alpha 2b 82 

13. Mandelli, F., et al. 1988 Interferon-alpha 2b 252 

14. Jak6, J. 1990 Human interferon (EGIS) 

Initial dose of recombinant interferons: Maintenance dose of interferons: 
2-100 x 106 IU/m2, 3 times a week i. v. 10 X 106 IU/m2, weekly, s. c. 
2-3 X 106 IU/m2, 3 times a weekk, s. c. 

The plateau phase develops as a result of a 
balance of the cytoreductive effect of che
motherapy and tumor growth. Fourty four per 
cent of treated patients rearch the plateau 
phase which can be characterized as a cyto
kinetically stable interval (112, 196, 410). It 
is evident that during this phase only very 
little benefit can be expeected from therapy, 
therefore, administration of cytotoxic drugs is 
not necessary. 

Combination therapy has also its risks as 
the incidence of infections increases and acute 
leukemia develops significantly more often 
(67). Still, in the group of so-called "instable" 
patients with high cell turnover and a dynamic 
tumor growth, a long continuous therapy 
seems to be of benefit. 

Therapy of relapses: Most patients with a 
50-70% of tumor regression stay in remission 
for 2.5-3 years before relapsing to their dis
ease (113). 

During this phase, tumor cells tend to be 
more aggressive. According to the available 

data their difference from the original cell 
population is summarized as follows: 
1. A more rapid cell growth, 
2. susceptibility to mutations: a new parapro

tein appears, and MG turns into a bi- or 
oligoclonal gammopathy, 

3. excretion of light chains in the urine, 
4. development of plasmoblastoma. 
Generally, patients who show a rapid decrease 
in their tumor mass relapse more rapidly, and 
the incidence of CNS complications is higher. 

IFN-a treatment of plasma cell tumors has 
already been mentioned as a part of mainten
ance therapy. 

Though several groups use IFN-a in com
binations, we do not favor its use as such. 
From the pharmacological viewpoint, IFN-a 
is a cytoreductive agent and in low tumor load 
disease, as a part of inductive therapy, it can 
also be of benefit in combinations (253, 329). 
According to some authors, VBMCP com
bined with IFN-a induces full remission more 
often than other regimens (309). Another ad-
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vantege of IFN-a is its limited efficacy in drug
resistant cases. In contrast to themotherapy, in 
some cases it could restore polyclonal immuno
globulin synthesis in patients with secondary 
antibody-deficiency syndrome (329). 

Combination of IFN-a with M + P has 
proved to be very advantageous, as reactivity 
to M + P only was 47% as compared to 76% 
with the triple combination in stage 1. disease. 
Survival seemed to be also longer (284). Al
though no difference could be found in stages 
II-III. combination protocols of IFN-a with 
cytostatics are now widely used in the clinical 
practice, and our experience fully supports 
this practice. Usually IFN-a is combined with 
VBMCP (228) or high dose steroids (137, 
409). The latter is recommended in unfavor
able bone marrow parameters and drug-resis
tant cases. 

Though no available data exist on the ther
apeutic use of IFN-~ and IFN-y, poly-ICLC (a 
derivative of poly-ribocytidine and poly-riboi
nosine) had been administered several years 
ago to activate endogeneous interferons (10). 
We now repeat our opinion that IFN-a should 
be applied for the consolidation of chemother
apy-induced remission. Others also support 
our view (National Cancer Institute of Cana
da; Central Pennsylvania Oncology Group, 
USA; Italian Myeloma Group). 

Idiotypes carried by para proteins are the 
most characteristic markers of plasmocyto
mas. Cytostatics, linked to individually syn
thetized monoclonal antibodies can find and 
bind to the surface of malignant plasma cells 
(276). This is termed "missile", or specially 
selective chemotherapy. Studies however 
have revealed that cytotoxic molecules bound 
to antibodies are less toxic than free mole
cules (289, 295). This effect might be due to 
the small size of the antibody molecule re
stricting the binding possibilities. Also bind
ing of a cytotoxic drug alters the tertiary 
structure, thereby reducing the effectiveness 
of the complex. It is well known that the cy
totoxic effect depends on the concentration of 
the particular agent within the tumor. In this 
case, the latter depends on the binding proper
ties of the antibody. Therefore, in monoclonal 
gammopathies optimal result can be achieved 
only if there are no circulating para proteins, 
which would bind the complex prior to its "ar-

rival" to the site of action. Conseqently, a 
series of plasma exchanges are required be
fore the therapeutic agent is introduced. 
Antitumor antibodies not only recognize 
tumor cells but also elcit antitumor effect by 
themselves. Their binding either inhibits 
tumor cell growth or contributes to the de
struction of cell membranes (121). Comple
ment activation or ADCC reaction are in
volved in this mechanism. Independent of the 
exact mechanism, anti-idiotype antibodies are 
the basic principle of missile therapy. Produc
tion. of individual antibodies is however, ex
tremely time-consuming. 

Since the role of the immune growth fac
tors is already known, production and clinical 
use of antibodies forming complexes with cy
tokines might turn into reality in the near fu
ture (135, 206, 285). 

Antibody administration causes only few 
side effects. Patients may present with disp
nea, chest pain during or after treatment, 
fever, chills nausea, vomiting. 

Only few patients have been treated with 
this method, so no serious conclusions can be 
drawn at present. StiII, analysis of results and 
failures is important, because these data will 
serve as the basis for future research (198). 

The causes of failures of MoAb treatment 
can be summarized as follows: 
1. Antigens of tumor cells are shed into the 

extracell ular and intercell ular space, as 
well as the circulation, therefore antibodies 
form complexes at these sites do not reach 
the target cells, 

2. As a result of antigen modulation, target 
cells avoid interaction with antibodies, 

3. If the tumor is not homogeneous (mono
clonal) but bi- or oligoclonal destruction of 
one clone does not lead to the destruction 
of the whole tumor, 

4. The antibody response of the host can 
block exogenously administered anti
bodies. 

Though this classification is far from being 
complete, it can stiII indicate the main trends 
of MoAb therapy in the future: 
1. Application of monoclonal cocktails simul

taneously against several markers might 
en chance the effect. 

2. Application of genetically engineered anti
bodies. Production of high affinity anti-
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1 

2 

3 

bodies can be carried out with recombinant 
DNA technology or with hybridoma muta
tions and selection. For example, combina
tion of a gene encoding the variable region 
of a murine monoclonal antibody with the 
one encoding a human constant fragment 
and indtrocudtion of this molecule into the 
myeloma cell line leads to the production 
of high affinity antibodies recognizing 
even the smallest antigens (218). 

Irradiation can also be applied in order to in
crease the efficacy of induction therapy, prior 
to bone marrow transplantation, to help re
leave pain and to treat local plasmacytomas 
(172, 224). 

Irradiation of the whole marrow mass fol
lowing 12 weeks of M + P therapy was not 
enough and has led to complications (226). 
Even the so-called "hemibody" irradiation 
proved to be extremely toxic if applied 

Suggested anterior and posterior areas of irradiation 
for the first treatment 

From thyroid 
cartila e 

To th- 3 

Prom spina iliaca 
anterior inferior 

To the upper third 
of femur 

G$nitalia sheltered 
from irradiation 

4x250 rad , a total of 1000 rad/ day : 
125 rad to frontal 

and rear fields , respec ively 

Fig. XV/3 
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together with chemotherapy (351). This infa
vorable effect might be due to the long term 
effect of irradiation on the bone marrow (381) 
preventing regeneration. Doses over 3500 rad 
usually cause prolonged bone marrow aplsia 
(382). 

irradiated every day, in the same sequence, in 
all phases of the disease. As a radiation source 
cobalt 60 is used, however, a 10 MeV electron 
beam should be used for irradiation of ribs 
and skull. 

The irradiation in the I phase lasts for 4 
days until a final dose of 1000 rad is reached. Irradation is performed in three steps as 

shown in Figures XV/3, XV/4, XV/5. The 
daily dose should be equally distributed. Ven
tral and dorsal surfaces of the body must be 

Following a 4 weeks rest period, in phase 
II. a total dose of 900 rad is applied over 6 
days. 

4 

5 

Suggested anterior and posterior areas 
of irradiation for the second treatment 

From thyroid 
cartilage 

To th- 3 - --

From spina iliaca 
anterior inferior 

To the upper third 
of femur 

Genitalia sheltered 
from irradiation 

6x150 rad , a total of 900 rad 

Fig. XV/4 
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Third irradiation is administered to the right and left side 
of the skull and the anterior and posterior arches of ribs 

6 

MeV electron beam , 8x250 rad , a total of 2000 rad 

Fig. XV/S 
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Irradiation in phase III is also started after 
a 4 week rest period. The patient receives a 
total dose of 2000 rad (74) (Fig. XV/3, XV/4, 
and XV/5). 

Using a massive 3000 rad raster irradiation 
pain may be eliminated and patients can live 
withont analgesics for several months. 

Before bone marrow transplantation, 5 ir
radiations of 850 rad administered every 12 
hours is considered as optimal (Fig. XV/6). 

Good results of bone marrow transplanta
tion performed on leukemic and lymphoma 
patients have persuaded clinicians to test this 
method also in plasmocytoma. Though indica
tions for this technology are already well 
defined in plasmocytoma it is less effective 
than in patients with leukemia, since abdomi
nal destruction of plasma cells still remains an 
unsolved problem (65). 

Survival rates of transplantation have been 
shorter as compared to similar results of trans
plantation performed during the remision peri
od of leukemic patients, however, it showed 

Fig. XV/6 

similar results to those obtained ofter trans
plantation during relapse. Though it is too 
early to dran any conclutions, it seems that 
transplantation is worth trying in the II. and 
III. phases of plasmacytoma. Generally, full 
remissitm lasts for 3 years, however, in 
some patients its duration exceeded 5 years 
(138). At present the indications for the al
logenic bone marrow transplantation are as 
follows: 
- age under 50, 
- low ~2-microglobulin level, 
- presence of IgD monoclonal immunoglo-

bulin, 
- high LI values (140). 
Both allogenic and syngeneic transplantations 
were performed following CTX treatment and 
TBI and have led to a marked decrease of the 
tumor mass. Transplantation itself was per
formed during partial remission. (124, l38, 
313, 396) In many patients monoclonal Ig-s 
have persisted. Recent data indicate that full 
remission develops in 50% and GVHD occurs 
rarely (140). One publication presents a case 
of a glucocorticoid-resistant GVHD which 
could be successfully treated with anti-CD 
MoAb therapy (207). 

Of many different forms of therapy applied 
before bone marrow transplantation, initial 
treatment with a high dose Melphalan pre
dominates. Following a continuous infusion 
of VAMP, 200 mg/m2 1. v. Melphalan is ad
ministered (262, 359). The latter is followed 
by BMT. Full remissions were obtained in 
30% of the cases; only 10% of fatal outcomes 
occured shortly after therapy (360). 

V AD induction therapy is applied of the 
tumor mass is medium or large. Patients re
spondring to induction are then treated with 
140 mg/m2 Melphalan and undergo whole 
body irradiation (850 rad, 5 occasions). Re
sults of this attempt proved to be worse than 
expected. The higher mean age of the myelo
ma patients contributes to these unfavorable 
results. IFN-a and IL-2 therapy would prob
ably improve the responsiveness of such pa
tients (l39, 140, 365,418). 

Attempts of autologuous bone marrow 
transplantation failed to elicit full remission, 
but have led to symptomatic improvement 
(23). Preconditions and pretreatment applied 
in autolognuous transplantation differ from 
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those accepted in allogenic and syngenic 
transplantation. 

The important criteria are as follows: 
- plasma cell count about 10%, 

primary irradiation of osteolytic areas fol
lowed by 
70 mg/m2 Melphalan therapy on days 1 and 
2 (261) with a subsequent 
fractional, 1200 rad whole body irradiation 
on day 3 (17), 
finally, the autologuous bone marrow 
should be purified. Though no successful 
methods exist, different methods had been 
tested alone or in combination, 
killer cells activated by Iymphokines 
(LAK) , 
Bland PCA -1 MoAbs, 
a combination of anti-CD9 and anti-CD 10 
MoAb applied in immunomagnetic purifi
cation (these MoAb produced in mice are 
bound by specific goat anti-murine anti
bodies which are fixed to the walls of a 
special dish. In the first step the monoclo
nal antibodies bind to the membranes of the 
nondesirable plasma cells which, through 
these antisera, will be attached to the walls 
of the dish. This procedure eliminates the 
malignant plasma cells from the bone mar
row) (364). 

- Treatment with 60 micromol final concen
tration of 4-hydroperoxycyclophosphamide 
(4-HC) is another in vitro method 

- Finally, Etoposide (VP-16) can be used for 
similar purposes (366, 367). 

The reason of such thorough preparation for 
autologuous bone marrow transplantation is 
the possibility of identification and binding of 
the small fraction of c1onogenous tumor cells 
as they have a predominant terminal B cell 
phenotype (348). 

The other reason is that 1 % of the bone 
marrow granulocyte-macrophange progenitor 
colony forming cells (CFU-GM) survives the 
purification process and this fraction is 
enough to populate the bone marrow. Avail
able data on autologous bone marrow trans
plantation indicate that the procedure is favor
able however, relapses suggest that both the 
methods of pretreatment and in vivo purifica
tion of bone marrow should be further im
roved. 

The rare occurence of full remissions fol-

lowing autologuous BMT is probably not due 
to the reinfusion of tumor cells as a further 
decrease of MG after transplantation can be 
observed. The plateau phase of myeloma dur
ing remission exhibits a certain resistance 
even to high doses of Melphalan (110). If the 
IMG is considered as a "precursor" phase of 
myeloma (24, 177), the plateau phse analo
gous to it. 

It is also worth pointing out that following 
allogenic transplantation due to a "graft ver
sus myeloma" reaction the malignant clone is 
better suppressed as compared to the allogenic 
clone. 

Early completions that contribute to the 
failure of transplantations, interstitial preu
monitis acute graft versus host disease, bleed
ing, and ARDS are similar to those seen in 
autologous bone marrow transplantations per
formed as a result of other indications. 

Supplementary and supporting therapy 

Apart from myeloma, patients might need 
treatment for diseases that might have been 
existing even before the onset of myeloma or 
which simply accompany old age. Therefore, 
almost all myeloma patients are treated along 
three main guidelines: 
1. treatment of previous and degenerative dis

eases, 
2. therapy of the plasma cell tumors, 
3. prevention of complications developing 

after cytostatic therapy, irradiation, missile 
therapy, bone marrow transplantation, and 
actual treatment of the intercurrent disease. 

Pain caused by the osteolytic damages of the 
vertebrae and extremities is a typical leading 
symptom. Generaly, it develops without 
preceding symptoms following a sudden 
movenent or an unnatural posture. The cause 
of pain can easily be identified except those 
cases of rib fraction without dislocation. 

Not only the the fractures but also radicular 
compressions can cause pain. MRI is the most 
adequate method for diagnosis of soft tissue 
alterations. Depending on the localization, 
pain can be successfully eliminated by frac
tional or massive irradiation. In less success
ful cases, pain is only reduced and is tolerated 
by the patient; otherwise it is fully inhibited 
for months or years. 



XV. Therapy of the plasma cell tumors 333 

In the advanced stages of the disease se
quential hemibody irradiation can also be 
used (192). 

A localized, focused back pain may not 
only be due to the already mentioned bone 
lesions, but also to spinal compression caused 
by an extradural tumor. In these cases myelo
graphy localizes the affected area and lami
nectomy is performed. It is also worth point
ing out that if the histology of frozen in
traoperative samples indicates plasmacytoma 
or lymphoma, radical surgery is not recom
mended (64), instead, the expansion of the 
tumor should be determined as it influences 
both the actual interventions and postopera
tive radiotherapy (416). The concomitant 
edema should be treated with an evenly dis
tributed daily dose of 14-18 mg dexametha
sone. 25 mg/kg Mithramycin is an efficient 
analgetic, however, it has a bone marrow de
structive side effect. Pyramidone and non-ste
roid antiinflammatory agents are the drugs for 
everyday use. During the terminal stage, opi
ates are indicated; their effect on intestinal 
passage should be considered, thus proper 
dosage should be cantiously determined. 

The following general principles are rec
ommended for indication of analgetics: 
1. Individual titration of analgetics allows the 

selection of an optimal dose or drug com
bination that meet the individual needs of 
the patient and elicit minimum complica
tions. For example, the motoric perfor
mance of the patient should not be im
paired, otherwise it increases the danger of 
fractures. 

2. Constipation should be prevented or 
treated with other drugs. 

3. If possible, do not let the patient control 
his or her drug therapy, it should be the 
task of the environment. Cytostatics also 
have an analgetic effect. 

Remineralization supported by flouride or cal
citonin is generally accepted. Fluor can not be 
administered alone, but should be always 
combined with other agents. For this purpose 
we use our own combination Osvital. How
ever, the effect of these substances could be 
verified by objective methods. Though differ
ent methods have been used for assessment of 
bone corticalization, heither of them could 
verify any clinical imrpovement. These un-

succesful results urged the introduction of di
phosphonates and pyrophosphates which in
hibit the liberation of hydroxyvapatite from 
the bone (344) inhibiting the activity of osteo
clasts stimulated by OAF (371). 

Unfortunately, the use of these substances 
induced leukemia in some patients, therefore, 
an analoguous drug (disodiumethydronate) 
has.recently introduced (195). 

The immobilization period should be tran
sient as it promotes bone resorption. Hence, 
patients must be mobilized. Supporting cor
seUes are hardly accepted by patients, because 
they restrict locomotion and cause sleep dis
turbances. Plaster beds are better tolerated, 
and patients get used to them. 

Hypercalcemia indicates a plasma Ca++ 
level exceeding 2.8 mmolfL. Increased fluid 
intake (3 liters/day) and restriction of Ca
containing diet is the mainstay of therapy. Le
targy and nausea are the leading clinical 
symptoms. Sodium infusion promotes the 
renal excretion of calcium. Furosemide, but 
not thiazides, is the diuretic of choice (222), 
and steroid therapy is also of benefit. Urgent 
therapy comprises the following three steps: 
1. Mithramycin, 25 microgram/kg i. v. for a 

short period. 
2. Calcitonin, 3-6 Medical Research Council 

Units/kg (403). 
3. Peritoneal or hemodialysis or plasma ex

change. 
Plasma exchange is the therapy of choice in 
hyperviscosity syndrome and kryoglobulinemia. 

The actual state of the kidney and bone 
marrow should be always considered when 
selecting the antibiotic treatment of intercur
rent pneumonia. 

In the rare cases of hyperurcemia the so
called alcalic diuresis is a selection of choice; 
50-100 mEqu of NaC03 dissolved in 5% dex
trose solution is slowly infused (using a pump 
if possible). 

The pH of the urine should be constantly 
monitored and maintained aroung 7.0. Admin
istration of allopurinol 300-600 mg/day (in
hibitor of xanthine oxydase) is also a useful 
therapeutic agent). 

Neuropathy is treated with carbamazepine 
which is not always efficient and some pa
tients do not respond to it. 

Normalization of anemia is another import-
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ant task (we accept a critical Ht value of 
0.30). Washed and donor selected RBC mass 
is transfused with special care. Viral infection 
must be tested with all available methods and 
special premedication (histamine, antipyretics, 
elevation of the patients head) has to be im
plemented. Tansfusion is carried out very 
slowly at low rate per minute. 

After this brief overview of supporting 
therapy, criteria of remission are summarized 
as follows: 

CR: complete remission denotes the disap
perance of monoclonal gammaglobulins. 

A basic diagnostic requirement is that im
munelectrophoresis should not detect mono
clonal gammaglobulin. A second immunelec
trophoresis, repeated at four weeks, has to 
confirm the negative result of the first test. 
Our personal opinion about complete re
mission is controversial since it requires an 
extremely aggressive, dangerous therapy 
which does not always justify the achieved re
sults as CR is always followed by a relapse. 
Furthermore, despite the aggressive therapy 
paraproteins still persist in the transplanted 
bone marrow. 

PR: partial remission denotes a 50% de
crease of monoclonal immunglobulins. 

MR: according to the recommendations of 
the Myeloma Task Force Study Group, this 
stage indicates a remission with a 25% de
crease of the M component in the urine and 
blood. There is also an extended version of 
criteria determined by the Myeloma Task 
Force Study Group in which, parallel to the 
disappearance of monoclonal immunoglo
bulin, CR is characterized by a BJ(LCh) level 
lower than 0.06 g/24 h. Bone marrow plasma 
cell count decreases below 10%. The pre
viously palpable plasmoblastoma can not be 
identified (Fig. XV/7). Hb values and the Ca 
level are normal, the patient experiences no 
bone pain and resumes his activity, 

PR: the level of M component decreases 
below 50% and protein concentration in the 
urine, also decreases by 50%. Hb values im
prove. 

NC indicates that the condition of the pa
tient did not improve and therapy was ineffec
tive. 

PD means progression, increase in the M 
component level and higher concentrations of 
BJ protein in the urine. The number of oste
olytic changes increases. 

The analysis of plasmocytoma therapy 
shows that it is still far from being solved. 

Fig. XV/7 
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Results achived in the recent decades are in
significant. A dual problem should be solved 
in the future: a better undestanding the nature 
of the disease and to create new therapeutic 
principles which would be capable to prolong 
the plateau phase. Present data indicate that 
the duration of this phase ranges between 4 
months and 5 years (average 21 months) (28). 
Repeated remissions, however, get shorter 
due to the increasing growth rate of myeloma 
cells during relapse with a concomitant de
crease of the doubling time of M protein con
centration (35). This high reproduction rate of 
myeloma cells during relapse makes che
motherapy ineffective, and irreversible bone 
lesions develop and the disease transfers into 
the "acute" phase. Pancytopenia and uncon
trolled growth of the myeloma cells charac
terize this phase. 

In summary, the survival period depends 
on the duration of the stable, symptomatic and 
acute phases of the disease. High growth rate 
of myeloma cells in the symptomatic phase 
leads to inevitable death despite modern ther
apy. Though recovery has never been re
ported, even traditional therapy has some
times induced prolinged and stable remission 
(52, 227, 336, 380, 407). 

Therefore, the biological behavior of plas
ma cell myeloma is much more complicated 
than expected on the basis of the presence of 
an uniform malignant cell population. Similar 
to CML, molecular genetic changes stabilize 
the disease already in its early phase. 

There is a big difference between the 
phenotype of primordial malignant cells, the 
target cell population of malignant transfor
mation, and that of the dominant cells charac
terizing the disease. 

Subsequent undrelying processes are ob
scure, as oligoclonal gammopathy may de
velop or, conversely, production of MG may 
diminish. Also exranodal manifestation (plas
moblastoma) with high LDH level and myelo
dysplastic syndrome (transformation into 
acute myelogenous leukemia) may result. 

Different surface receptors and cytokines 
produced by myeloma cells are not yet 
targeted by therapy. The cytokines have a pu
tative autostimulatory effect, thus IL-l, IL-5, 
IL-6, and OAF are, to some extent, respon
sible for the manifestations of the disease. The 

serum ~2-microglobulin level is an additional 
information about the tumor mass assessed at 
stage classification. 

A deeper insight into the cellular and mole
cular biology of, for instance, CALLA and H
ras might reveal some of the special proper
ties of the tumor thus we might understand 
more about responsen to therapy as well. The 
fact that the prognosis of myeloma has not 
changed despite the introduction of different 
drugs, drug combinations and intensive ther
apy still justifies the use of the M + P proto
col. It is especially indicated in elderly per
sons, individuals with short expected life 
span, and those suffering from a variety of 
other diseases (37). Use of other therapeutic 
protocols is especially indicated in young pa
tients. 

V AD, interferon-ex. and subsequently HDM 
therapy should be applied following the diag
nosis, the latter parallel to bone marrow trans
plantation. However, only subsequent pros
pective studies would be able to evaluate the 
risks of the early mortality versus the antici
pated improvement of survival. 
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