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BIOLOGICAL RESPONSE MODIFIER APPLICATIONS IN INFECTIONS AND CANCER 

AM31 an oral BRM: 
A protective agent against 

iatrogenic bone-marrow and 
liver damage in breast cancer 
patients under conventional 

adjuvant radiochemotherapy 
VICENTE G VILLARRUBIA, PAULA MARQUEZ, JOSE COBO, GUILLERMO J SADA 

VG VILLARRUBIA. P MARQUEZ, J Coso, GJ SADA. AM3, an oral BRM: A protective agent against iatrogenic 
bone-marrow and liver damage in breast cancer patients under conventional adjuvant radio-chemo
therapy. Can J Infect Dis 1992;3(Suppl B):138B-142B. In five clinical trials AM3. a polysaccharide/ 
protein biological n;:sponse modifier, was given (3 g/day; two capsules, tid) to 79 breast cancer patients 
undergoing adjuvant radio- and/or chemotherapies. When compared with 68 control patients. AM3 
provoked significant decreases in the incidence of bone-marrow hypoplasia (20.5% versus 61.1%). This 
marrow eiTect was also manifested in peripheral blood by higher levels of white blood cells, mononuclear 
cells and platelets in the AM3 treated group. The incidence of thrombocytopenia in patients receiving 
combined radio-chemotherapy only was 70% compared with 6% observed in patients also receiving AM3 
treatment. Besides these h ematological eiTects, AM3 palliated subclinical hepatic toxicity due to combined 
radio-chemotherapy. Finally, studies on acute-phase reactants, such as C-reactive protein . IgA. and factors 
B. C'3, and C'5 of the complement system, suggest that a modulation of hepatic inflammatory responses 
by AM3 appears to be essential for clinical eiTects described. 
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AM3, un MRB oral: agent protecteur contre les lesions iatrogimes de Ia moelle 
epiniere et du foie chez les patientes atteintes de cancer du sein sous 
radio-chimiotherapie adjuvante classique 

REsUME: Dans le cadre de cinq essais cliniques. I'AM3, un modificateur de Ia reponse biologique fait de 
polysaccharides/proteines a ete administre a raison de 3 grammes par jour, soil 2 capsules TID. a 79 
patientes atteintes de cancer du sein. sous traitement adjuvant de radio- et/ou chimiotherapic. Par 
comparaison avec 68 patientes temoins. l'AM3 a provoque des diminutions significatives de Ia frequence 
de l'hypoplasie de Ia moelle osseuse (20,5% contre 61 , 1 %). Cet eiTet sur Ia moelle s 'est egalement manifeste 
dans le sang peripherique par des taux plus eleves de globules blancs. de cellules mononucleaires et de 
plaquettes dans le groupe traite a l'AM3. L'incidence de thrombocytopenie chez les patientes qui recevaient 
un traitement combine de radio-chimiotherapie etait de 70% par rapport a 6% chez les patientes qui 
recevaient egalement de l'AM3. En plus de ces elfets hematologiques, l'AM3 a reduit Ia tox:icite hepatique 
subclinique attribuable a Ia radiochimiolherapie combinee. Finalement, les etudes portant sur certains 
marqueurs de Ia reaction inflammatoire tels Ia proteine C reactive, l'IGA et les facteurs B, C3, et C5 du 
systeme du complement. suggerent qu'une modulation des reponses inilammatoires hepatiques par I'AM3 
serait au centre des eiTets cliniques decrits. 
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HOST RESISTANCE AGAINST INFECTIONS IS UNDER THE 

control of at least three homeostatic activities: 
adequate hemopoiesis; capacity of cells to reach inflam
matory sites (tissue cell distribution); and ability of 
these mobilized cells to destroy germs and/or germ-in
fected cells. These activities are regulated by 
mechanisms which involve cell to cell as well as cell
cytokine interactions. Although complex and not well 
understood. in the majority of cases these intermediate 
interactions are the consequence of initial events in 
which the 'acute inflammatory response' plays an es
sential role. The acute inflammatory response is put 
into play by the liver in response to noxious agents 
(bacteria. viruses. fungi and chemical and physical 
trauma) and manifested by changes in the protein and 
metal composition of serum and modifications - some
limes surreptitious - within the immune and hemo
poietic compartments. It is generally thought that the 
acute inflammatory response. when controlled. is 
beneficial for the host (l-3). 

Many of the above-cited agents- including cancer (4) 
- as well as some new therapeutic procedures (5) alter 
the acute inflammatory response, thus modifying this 
rapid and efficacious mechanism of host resistance 
while inducing side effects. 

Attempting to palliate some of these disturbances, 
the authors initiated treatment of immunocompro
mised patients with AM3 (Immunoferon; Lab Andr6-
maco, Spain) some years ago. AM3 is a polysaccharide
protein compound adsorbed into an inorganic matrix of 
calcium phosphate-sulphate. The polysaccharide is a ~ 
1-6, ~ 1-3 gluco-mannan isolated by fermentative pro
cedures from the cell wall of a Candida utilis strain. The 
protein belongs to the nutrient component of the ricin 
seed. Pharmacologically, AM3 has been defmed as a 
second signal biological response modifier because of 
its modulating properties on previously altered hosts 
(6). In this sense. AM3 appears to amplifY the natural 
reactivities mise-en-scene in response to the noxa. 
Among a myriad of actions, AM3 enhances macrophage 
(7,8) and natural killer (8,9) activities, induces tissue 
cell distribution and improves hemopoiesis (10). 

This paper summarizes the results obtained in five 
clinical trials performed in breast cancer patients 
(Table 1) ( 11-13). The interpretation of these trials lead 
to the suggested existence of an hepatoimmuno hemo-
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poietic circuit (3) whose conservation and/or modula
tion by AM3 appears to be essential for providing an 
adequate host resistance with minimal side effects. 

PATIENTS AND TREATMENT 
A total of 147 women diagnosed with breast cancer 

were studied. Ages ranged from 28 to 71 years old. 
Tumour stages were T2-T3A N+ Mo except in one study 
(13) who were T1. T2A-T2s No Mo. After diagnosis, all 
patients underwent mastectomy and two to three weeks 
later they underwent adjuvant therapies . Eighty-six 
patients received locoregional radiotherapy (56 and 50 
Gy over five to six weeks) together with a conventional 
chemotherapy protocol of: cyclophosphamide 600 
mg/m2 intravenously day 1; methotrexate 40 mg/ m2 

intravenously on day l; and 5-fluorouracil 600 mg/m2 

intravenously on day 1. All 86 patients received at least 
three chemotherapy cycles before evaluation. Fifteen 
patients underwent only adjuvant radiotherapy at the 
doses described above, and 26 underwent the same 
radiotherapy protocol plus at least five chemotherapy 
cycles with doxorubicin 50 mg/ m 2 intravenously, day 1 
and cyclophosphamide 600 mg/ m2 intravenously, day 
l. Finally, 20 patients received five cycles of doxo
rubicin/cyclophosphamide. In summary. the control 
group was 68 patients and the AM3 group 79 patients 
(Table l). For each trial both arms of treatment were 
homogeneous at baseline with regard to age, tumour 
stage and bone marrow and hematological status. 
Hematological studies: Before and after therapies all 
patients underwent bone marrow aspirates to evaluate 
marrow cellularity. In all trials, the n u mber of white 
blood cells, polymorphonuclear leukocytes, mono
nuclear cells, platelets and red blood cells were recorded 
twice monthly (in the nadir of chemotherapy and before 
the subsequent cycle) . For each trial, blood samples 
were collected at the same time in both arms. 
Functional hepatic parameters: ln one trial the levels 
of aspartate aminotransferase (AST). alanine amino
transferase (ALT), gamma glutamyl transferase (GGT). 
lactate dehydrogenase (LDH). copper and iron were 
measured at baseline and monthly during treatments 
by automated chemical analysis using standard 
reagents (unpublished data). 
Acute-phase reactants: In one trial (13). levels of C
reactive protein, ceruloplasmin, immunoglobulin A (IgA) 

Summary of trials performed with AM3* in breast cancer patients under adjuvant oncologic therapies 

Number of patients Duration of AM3 treat-
Reference Assa tye (control versus AM3) Conventional treatments ment (months) 
Millo et a l (11) Open-controlled 20 versus 26 A-RCT 9 

Villarrubia et al (12) Double-blind 20 versus 20 A-RCT 3 

Unpublished data Double-blind 12 versus 14 A-RCT 5 

Unpublished data Double-blind 11 versus 09 A-CT 5 

Garcia et al (13) 0(2en-controlled 05 versus 10 A-RT 
3 g/doy AM3 is given as 2 capsules tid. A-CT Adjuvant chemotherapy; A-RCT Adjuvant radio-chemotherapy; A-RT Adjuvant radiotherapy 
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TABLE 2 
Incidence of bone marrow hypoplasia and leukocyte and platelet nadirs in breast cancer patients under adjuvant 
cytotoxic therapies - effects of treatment with AM3 

Bone marrow hypoplasia White blood cell nadir (x mm3) Platelets nadir (x mm3) 

Trial (reference) Control AM3 Control AM3 Control AM3 
A-RCT(ll) 13/20 (65) 7/26 (26.9)" 1900 4000 70.000 120.000 
A-RCT(12) 14/19 (73.6) 2/19 (10.5)'" 2000 4100 90.000 140,000 
A-RCT (Unpublished data) 8/12 (66.6) 4/14 (28.5)' 800 1100 59,000 98,000 
A-CT (Unpublished data) 3/11 (27.2) 1/9 (11 .1) 300 1700 107,000 116,000 
A-RT(13) 3/5 (60) 2/10 (20) 4700 6600 220,000 290,000 
Summary 41/67 (61 .1) 16/78 (20.5)''' 
3 g/ day AM3 is given as 2 c apsules tid. A-CT Adjuvant c hemotherapy; A-RC T Adjuvant radio-chemotherapy; A-RT Adjuvant radiotherapy. "P<0.05; 
""P<O.O 1: ... P<O.OOI versus c ontrol 

and complement factors (C'3, C'5 and factor B) were 
measured at baseline and weekly during radiotherapy. 
Values were compared with those obtained in 10 heal
thy controls. C-reactive protein, complement compo
nents and IgA were evaluated by conventional radial 
immunodiffusion procedures. 
Statistical analysis: For each trial , quantitative values 
(mean ± SD) were analyzed by the Student's t test. For 
qualitative values, a comparison of percentages was 
applied. A global comparison has been done in order to 
evaluate only bone marrow hypoplasia incidence. 

RESULTS 
Hematological studies: The incidence of mild to 
moderate bone marrow hypoplasia in the control group 
oscillated from 65 to 73.6% in patients who underwent 
combined treatment (adjuvant radio-chemotherapy) 
60% in patients undergoing adjuvant radiotherapy and 
27.2% in patients undergoing chemotherapy alone 
(Table 2). In the AM3-treated group, the incidence of 
hypoplasia was significantly lower for patients receiving 
radio-chemotherapy but not for chemotherapy or radio
therapy patients: however, the lack of statistical signifi
cance may be related to the small number of patients. 
The global incidence of marrow hypoplasia was 61 . 1% 
in the control groups versus 20.5% in the AM3-treated 
groups (P<0.001). As shown in Table 2, in all trials, 
nadirs of white blood cells and platelets were lower in 
the control groups, compared with their respective AM3-
treated arms. Moreover, 28 of 40 patients (70%) in the 
global control group developed mild to moderate throm
bocytopenia versus three of 45 (6%) in the AM3 group 
when radio-chemotherapy was applied (Table 3). 

Figure 1 shows the evolutive pattem of polymorpho
nuclear leukocytes in patients who underwent adju
vant chemotherapy. 

Statistically significant differences among control 
and AM3 groups were found at the fourth (P<0.01), 
sixth (P<0.05). seventh (P<O.Ol) and eighth (P<O.OOl) 
cycles of the study as well as at one month after 
chemotherapy withdrawal. Similar changes were ob
served (Table 3) in patients undergoing radiochemo
therapy) . However, patients receiving radiochemo
t.herapy exhibited significantly lower peripheral blood 
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TABLE 3 
Effects of AM3 treatment on peripheral blood mono
nuclear cell (PBMNC) levels and incidence of throm
bocytopenia in breast cancer patients under adjuvant 
therapies 

Adjuvant 
treat-
ments Group 
A-CT Control 

AM3 

A-RCT Control 

AM3 

Mean ± SO PBMNC 
levels (X 109 /l) 

Baseline Final 
2.56± 1.58± 
0.73 0.27 

(n= 14) Cn=8) 
2.56± 2.09± 
0.73 0.31' 

Cn= 14) Cn=6) 
1.94± 0.99± 
0.54 0.67t 

(n=20) (n=20) 

2.16± 2.10± 
0.33 0.67"' 

(n= 19) (n= 19) 

Thrombocytopenia 
incidence 

28/40 (70"/o)*" 

3/45 (6"/o)*" 

"P<O.OI: '"'P<O.OOI versus control; 1P<0.01 versus chemotherapy; A-CT 
Adjuvant c hemotherapy; A-RCT Adjuvant radio-chemotherapy 

mononuclear values than those receiving chemo
therapy alone (P<O.Ol) (Table 3). 
Functional hepatic parameters: Seven of 23 control 
patients (30%) developed abnormalities in AST and GGT 
levels, while eight. (34%), 14 (60%) and 10 (43%), respec
tively, had abnormal ALT. LDH and copper values when 
radio- and/or chemotherapy was given (Table 4) (un
published data) . ln contrast. none of the patients in the 
AM3-treated groups showed AST alterations and only 
two (8%) and three (13%) had ALT and GGT abnor
malities 
Acute-phase reactants: Table 5 summarizes results 
conceming C-reactive protein, IgA and factors B, C3, 
and C5, of the complement system . Adjuvant 
radiotherapy (control group) did not modify the baseline 
levels in any case. However. associated treatment with 
AM3 significantly increased C - reaclive protein 
(P<O .OOl) but diminished IgA (P<O.OOl). factor B 
(P<0.05). C'3, (P<0.05) and C'5, (P<O.Ol). 

DISCUSSION 
Hemat ological parameters: It is well known that anti
cancer radio- or chemotherapy affects hemopoiesis (14-
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Figure 1) EvoluLive pattem of peripheral blood mononuclear 
cells (x 1 cfJ I L) in breast cancer patients undergoing acljuvant 
chemotherapy with (solid line) or without (broken line) AM3 
treatment. F Final results (one month after stopping chemo
therapy): AM3-treated patients: Control: *Signijlcant versus 
control: Values at baseline 

6). These effects are manifested by bone marrow 
hypoplasia and low levels of white blood cells and 
platelets, among others. The intensity of hemopoietic 
damage is greater in patients undergoing combined 
adjuvant radio-chemotherapy. Patients receiving radio
chemotherapy showed a higher incidence of bone mar
row hypoplasia (Table 2) and lower levels of peripheral 
blood mononuclear and platelets (Tables 2,3) than 
patients receiving chemotherapy alone. AM3 treatment 
clearly palliated the hematological alterations indicat
ing that AM3 has hemopoietic activities in humans. 
These activities were manifested in patients undergoing 
radiotherapy and/or chemotherapy as higher levels of 
peripheral blood mononuclear cells and platelets. The 
majority of colony stimulating factors (CSFs) affect the 
granulocyte/monocyte line (17,18); however, only inter
leukin (JL)-1 (19) and IL-3 (20) in humans, and IL-6 (21) 
in mice have consistent effects on platelet production. 
IL-l and IL-6 are the principal mediators of the inflam
matory response (1,22) and AM3 appears to regulate 
them positively (3,13); therefore, the hemopoietic effects 
of AM3 might result from an enhancement in the 
production of IL-l and IL-6. 
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TABLE 4 
Effects of AM3 treatment on number of patients showing 
abnormalities and absolute values of some functional 
hepatic parameters (FHP) in breast cancer patients who 
had radio- and/or chemotherapy 

FHP Control AM3 
(normal) Baseline Cenit Baseline Cenit 
AST 54±8 72.28±20.40 
(9-43 IU/L) (2) (7) (0) (0)** 

ALT 68.5±1.5 93.62±43.24 54.5±5.5 60±2 
(9-431U/L) (2) (8) (2) (2) 

GGT 72.33±9.87 109.71±50.74 76.33±5.24 
(14-551U/L) (3) (7) (0) (3) 

LDH 349.66±43.27 374.5±45.78 348.2±39.71 332.28±37.79 
(99-285 (6) (14) (5) (14)' 
IU/L) 

Cu 175.8±5.91 188±27.50 175.42±8.20 187.77±15.33 
(65-165 (5) (10) (7) (9) 

/L) 

In all cases the number of patients studied was 23. 'P<O.OS; "P<0.01 
versus control. ALT Alanine aminotransferase; AST Aspartate amino
transferase: Cu Copper: GGT Gamma glut amyl transferase; LDH Lactate 
dehydrogenase 

With regard to peripheral blood mononuclear levels 
the following should be considered: Breast cancer 
patients undergoing adjuvant radiotherapy have low 
lymphocyte counts after radiation (23,24). As shown 
previously (12) and herein (Table 3), treatment with 
AM3 avoids peripheral blood mononuclear cell de
creases provoked by radio-chemotherapy. Besides the 
well known immune activities. peripheral b lood mono
nuclear cells play an important role in resistance to 
infections through the secretion of endogenous CSFs 
(17). A recent trial (personal communication) showed a 
lower incidence and severity of infections in non
Hodgkin's lymphoma patients under aggressive chemo
therapy with AM3. The clear effect of AM3 on peripheral 
blood mononuclear cell levels could provide a source of 
these cells to perform an ulterior peripheral blood stem 
cell autografting after marrow ablative therapies (25). 
Functional liver abnormalities: In addition to bone 
marrow damage, chemotherapy provokes subclinical 
hepatic toxicity manifested by alterations of liver en
zymes (26). This (Table 4) and other studies (unpub
lished data) show that these alterations are also 
observed in patients who received a combination of 
radio-chemotherapy; however, treatment with AM3 
decreased these hepatic alterations. The activity of AM3 
on liver enzymes has been also reported in patients with 
chronic active hepatitis B (27). ALT normalization was 
accompanied with HBe antigen and HBV-DNA clearan
ces together with intriguing evolutive changes in 
peripheral blood mononuclear cells (28). 
Acute-phase reactants: Cancer patients frequently 
show alterations in inflammatory response manifested 
by decreases in IL-l production (29) and monocyte 
chemotaxis (4). and increases in some complement 
factors (30,31). The present study shows that breast 
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cancer patients at the initial stages of their illness tend 
to show higher serum levels oflgA and factors B, C3 and 
Cs of the complement system than healthy controls 
while C-reactive protein remains normal. Radiotherapy 
does not modifY these acute phase reactants but treat
ment with AM3 significantly increases C-reactive 
protein while diminishing IgA and complement factors. 
Although discussed elsewhere (13). data conceming 
C-reactive protein clearly shows the ability of AM3 to 
initiate an acute inflammatory response. C-reactive pro
tein production is under the control of IL-l and IL-6 
(22,32); their hemopoietic roles have been discussed 
above. 
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