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Results of a non-specifi c immunomodulation therapy in 
chronic heart failure (ACCLAIM trial): a placebo-controlled 
randomised trial
Guillermo Torre-Amione, Stefan D Anker, Robert C Bourge, Wilson S Colucci, Barry H Greenberg, Per Hildebrandt, Andre Keren, Michael Motro, 
Lemuel A Moyé, Jan Erik Otterstad, Craig M Pratt, Piotr Ponikowski, Jean Lucien Rouleau, Francois Sestier, Bernhard R Winkelmann, 
James B Young, for the Advanced Chronic Heart Failure CLinical Assessment of Immune Modulation Therapy Investigators

Summary
Background Evidence suggests that infl ammatory mediators contribute to development and progression of chronic 
heart failure. We therefore tested the hypothesis that immunomodulation might counteract this pathophysiological 
mechanism in patients.

Methods We did a double-blind, placebo-controlled study of a device-based non-specifi c immunomodulation therapy 
(IMT) in patients with New York Heart Association (NYHA) functional class II–IV chronic heart failure, left ventricular 
(LV) systolic dysfunction, and hospitalisation for heart failure or intravenous drug therapy in an outpatient setting 
within the past 12 months. Patients were randomly assigned to receive IMT (n=1213) or placebo (n=1213) by intragluteal 
injection on days 1, 2, 14, and every 28 days thereafter. Primary endpoint was the composite of time to death from any 
cause or fi rst hospitalisation for cardiovascular reasons. The study continued until 828 primary endpoint events had 
accrued and all study patients had been treated for at least 22 weeks. Analysis was by intention to treat. This study is 
registered with ClinicalTrials.gov, number NCT00111969.

Findings During a mean follow-up of 10·2 months, there were 399 primary events in the IMT group and 429 in the 
placebo group (hazard ratio 0·92; 95% CI 0·80–1·05; p=0·22). In two prespecifi ed subgroups of patients—those with 
no history of previous myocardial infarction (n=919) and those with NYHA II heart failure (n=689)—IMT was 
associated with a 26% (0·74; 0·57–0·95; p=0·02) and a 39% (0·61; 95% CI 0·46–0·80; p=0·0003) reduction in the 
risk of primary endpoint events, respectively.

Interpretation Non-specifi c immunomodulation may have a role as a potential treatment for a large segment of the 
heart failure population, which includes patients without a history of myocardial infarction (irrespective of their 
functional NYHA class) and patients within NYHA class II.

Introduction
Despite the eff ectiveness of guideline-based combinations 
of pharmacological therapies,1,2 mortality and morbidity 
associated with chronic heart failure remain unacceptably 
high. Activation of the immune system in patients with 
systolic heart failure is associated with increased 
circulating and tissue concentrations of infl ammatory 
cytokines, activation of complement system, and presence 
of autoantibodies specifi c for a range of cardiac antigens.3 
Results from animal models of heart failure show that 
some infl ammatory cytokines and anticardiac antibodies 
can produce cardiac injury in a form that might lead to 
cardiac failure. Thus, modulation of this immune response 
presents an appealing therapeutic target.4 Despite evidence 
for the role of infl ammation in the progression of heart 
failure, no specifi c therapy addressing this patho-
physiological mechanism exists, and interventions 
targeting a specifi c infl ammatory cytokine—such as 
tumour necrosis factor (TNF)α—have been disappointing.5,6 
However, a non-specifc approach to modulation of the 
immune response might lead to clinical benefi t in patients 
with chronic heart failure.3,4 Such an approach seeks to 
attenuate the infl ammatory response or activate 

anti-infl ammatory pathways, or both. Support for such a 
strategy has come from a series of small trials that 
documented benefi t from the use of steroids,7 intravenous 
immunoglobulin,8 and immuno adsorption therapy.9

Evidence suggests that ex-vivo exposure of a blood 
sample to controlled oxidative stress initiates apoptosis 
of leucocytes soon after intramuscular injection of the 
treated sample. The physiological response of the 
recipient’s immune system to apoptotic cells results in a 
reduction in infl ammatory cytokine production, and 
upregulation of anti-infl ammatory cytokines.10,11 This 
combined eff ect on the immune system might be 
especially benefi cial to patients with chronic heart failure, 
since the infl ammation associated with it shows an 
imbalance of two opposing sides of the cytokine network.12 
Results from preclinical studies using apoptotic cells as 
the immunomodulatory stimulus have shown reductions 
in infl ammation and in production of infl ammatory 
mediators,13–15 increases in anti-infl ammatory cytokine 
expression, and decreased cell death.15

In a pilot study of 73 patients with moderate to severe 
heart failure, ex-vivo exposure of autologous blood to 
controlled oxidative stress and subsequent intramuscular 
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administration resulted in a reduction of both all-cause 
mortality and hospital admissions.16 We tested the 
hypothesis that this novel immunomodulation strategy 
would confer a mortality and morbidity benefi t in patients 
with left ventricular (LV) systolic dysfunction and New 
York Heart Association (NYHA) functional class II–IV 
symptoms.

Methods
Patients and study design
Description of the rationale and design of the advanced 
chronic heart failure clinical assessment of immuno-
modulation (ACCLAIM) trial have been previously 
reported.17 The trial was a prospective, double-blind, 
randomised, placebo-controlled, parallel group, multi-
centre trial designed to assess the eff ects of a non-specifi c 
approach to immunomodulation on morbidity and 
mortality in 2426 patients with NYHA class II–IV chronic 
heart failure. Recruitment was started after approval by 
the respective regulatory agencies and independent ethics 
committees. The institutional review board of each clinical 
site received, reviewed, and approved the protocol. All 
patients signed a written consent form, which had also 
been approved by the board. Patients were 18 years or 
older, had an LV ejection fraction (LVEF) of not more 
than 30%, and were receiving optimum heart failure 
therapy at stable doses for at least 2 weeks before 
randomisation. Optimum heart failure therapy included 
an angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker, with or without a β blocker, digitalis, 
diuretic, or an aldosterone antagonist. Patients also had 

been treated in hospital or had received outpatient 
intravenous therapy (inotrope, brain natriuretic peptide, 
or diuretic) for their heart failure within the previous 
12 months; however, this requirement was subsequently 
waived for NYHA class III/IV patients with an LVEF of 
not more than 25% after regulatory and institutional ethics 
approval for this protocol amendment. Patients were 
randomly allocated in a one to one manner to receive 
intramuscular injections of active treatment or equivalent 
volume of saline according to computer generated code 
lists. Randomisation was stratifi ed by centre and balanced 
in random blocks of two, four, or six.

The primary endpoint was the composite of death from 
any cause or fi rst cardiovascular hospitalisation. Secondary 
objectives included assessment of the eff ect of active 
therapy on clinical status and health-related patient quality 
of life. All secondary endpoints are listed in the panel. The 
trial was powered assuming a cumulative rate of all-cause 
death or cardiovascular hospitalisation of 38% during 
15 months in the controls, with a two-sided α=0·049 
(adjusted for two interim analyses) and 90% power. On 
the basis of these assumptions, 2016 patients were needed 
to show an 18% reduction of events in the active group.18 

Deaths and hospitalisations were adjudicated by a central 
endpoint committee, which was unaware of treatment 
allocation. A data and safety monitoring board assessed all 
serious adverse events on a continuous basis and 
completed two interim analyses.

Panel: List of primary and secondary endpoints

Primary
• Death from any cause or cardiovascular hospitalisation 

Secondary
• Death or hospitalisation from any cause
• Death from any cause or hospitalisation as a result of 

worsening heart failure
• Individual components of composite endpoints
• Cardiovascular deaths
• Combined rate of selected cardiovascular outcomes

 Sudden cardiac death
 Non-fatal myocardial infarction
 Non-fatal ischaemic stroke
 Unstable angina
 Coronary revascularisation

• Clinical composite score 
• Total days alive and out of hospital
• Change in QTc
• Change in New York Heart Association functional 

classifi cation
• Change in health-related quality of life
• Cardiovascular-related health-care use
• Change in C-reactive protein concentrations

2814 screened

2426 randomised

1213 IMT 
9 excluded from efficacy analysis 

1205 included in 
safety analysis 

1204 included in 
ITT analysis 

1034 completed study 1051 completed study 

Reasons for study termination 
124 deaths* 

2 adverse events 
30 consent withdrawal 

2 deterioration  in clinical status 
1 non-compliance 
7 lost to follow-up 

13 other 

Reasons for study termination 
110 deaths* 
     2 adverse events 

28 consent withdrawal 
1 deterioration  in clinical status 
1 non-compliance 
3 lost to follow-up 

17 other 

1207 included in 
safety analysis 

1204 included in 
ITT analysis 

1213 placebo 
9 excluded from efficacy analysis 

Figure 1: Trial profi le
IMT=immunomodulation therapy. ITT=intention to treat. *Includes only deaths 
that resulted in permanent study discontinuation. 11 additional deaths (four 
IMT and seven placebo) occurred after patients withdrew for other reason (eg, 
consent withdrawal).
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Procedures
Device-based immunomodulation therapy (IMT) is a 
point-of-care outpatient procedure in which a sample of 
whole autologous blood is exposed ex vivo to controlled 
amounts of oxidative stress. The VC7000A autologous 
blood treatment system (Celacade System, Vasogen, 
Mississauga, ON, Canada) consists of a treatment unit 
(model VC7001A) and a sterile, single-use, disposable 
cartridge (model VC7002). For each patient, venous 

blood (10 mL) was placed in 2 mL of sodium citrate 
(anticoagulant). The citrated blood sample was 
immediately transferred to the VC7002 cartridge, which 
was then inserted into the VC7001A device. The blood 
sample was exposed to oxygen/ozone gas mixture 
(ozone concentration of 15·35 g/m³) delivered at a fl ow 
rate of 240 mL per min, and ultraviolet light at a 
wavelength of 253·7 nm) at a temperature of 42·5°C for 
about 20 min. The treated blood sample was then 
removed from the system and immediately administered 
by intragluteal injection to the same individual from 
whom the blood sample was obtained after an injection 
of local anaesthetic.

Patients allocated to the placebo group attended 
treatment sessions according to the same procedure as 
those allocated to the experimental therapy. The same 
procedure was used to extract the patient’s blood, but 
rather than being treated by the VC7000A device, the blood 
was discarded and a masked sample of 10 mL sterile saline 
was injected intramuscularly within the same time frame. 
All treatment procedures were completed and related 
documentation was maintained by study personnel not 
otherwise involved in the assessment of patients. After 
randomisation, two treatments were given on consecutive 
days, followed by a third on day 14. Subsequent treatments 
were given at 4-week (28 day) intervals for at least 22 weeks 
or until study completion.

Statistical analysis
ACCLAIM study was an outcome event driven trial. 
Patients were treated until a minimum of 701 primary 
endpoint events had taken place. All patients were treated 
for a minimum of 22 weeks. Interim analyses were done 
by the data and safety monitoring board after 50% and 
75% of the required number of primary events had been 
recorded. The eff ect of treatment on the primary endpoint 
was assessed by Cox proportional hazards modelling. 
Time-to-event distributions were summarised with 
Kaplan-Meier curves. Eff ect of treatment on selected 

IMT (n=1204) Placebo (n=1204)

Patient characteristics

Age (years) 64·6 (12·1) 64·0 (11·7)

Men 966 (80%) 966 (80%)

Ethnic origin

White 1101 (91%) 1104 (92%)

Black 71 (6%) 65 (5%)

Other 32 (3%) 35 (3%)

NYHA functional class

I 0 1 (0·1%)

II 359 (30%) 329 (27%)

III 797 (66%) 828 (69%)

IV 48 (4%) 46 (4%)

Cause of heart failure

Ischaemic 818 (68%) 831 (69%)

Non-ischaemic 385 (32%) 873 (31%)

Heart rate* (beats per min) 72 (11) 72 (12)

Systolic blood pressure* (mm Hg) 118 (19) 118 (19)

Diastolic blood pressure* (mm Hg) 70 (12) 70 (11)

C-reactive protein (mg/L), median 3·20  
(0·2–49·9)

2·90
(0·2–46·2)

Haemoglobin* (g/L) 138 (16) 138 (16)

Body-mass index* (kg/m2) 28·6 (5·6) 28·7 (5·3)

Quality of life score, MLHFQ 43·5% (23·1) 43·2% (23·1)

Medical history

LVEF 22·7% (5·1) 22·6% (5·3)

Hospitalisation for heart failure in past 12 months

Yes 593 (49%) 591 (49%)

No 456 (38%) 456 (38%)

Information missing 155 (13%) 157 (13%)

Myocardial infarction 744 (62%) 745 (62%)

Hypertension 725 (61%) 698 (59%)

Unstable angina 267 (22%) 290 (24%)

Stroke 124 (10%) 124 (10%)

Transient ischaemic attack 72 (6%) 76 (6%)

Diabetes mellitus 481 (40%) 478 (40%)

Dyslipidaemia 877 (73%) 875 (73%)

Coronary artery bypass graft 
surgery

386 (32%) 398 (33%)

Percutaneous coronary 
intervention

382 (32%) 372 (31%)

Implantable cardioverter 
defi brillator

315 (26%) 308 (26%)

Cardiac resynchronisation therapy 123 (10%) 130 (11%)

(Continues in next column)

(Continued from previous column)

Medical treatment of interest

ACE-I or ARB 1130 (94%) 1134 (94%)

β blocker 1041 (87%) 1051 (87%)

Diuretic 1130 (94%) 1126 (94%)

Aldosterone antagonist 583 (48%) 608 (51%)

Digoxin 537 (45%) 526 (44%)

Lipid-lowering drug 824 (68%) 828 (69%)

Antiplatelet 833 (69%) 834 (69%)

Antithrombotic drug (warfarin) 390 (32%) 427 (36%)

Data are number (%) of patients or mean (SD), unless otherwise noted. 
IMT=immunomodulation therapy. NYHA=New York Heart Association. LVEF=left 
ventricular ejection fraction. MLHFQ=Minnesota living with heart failure 
questionnaire. ACE-I=angiotensin-converting enzyme inhibitor. 
ARB=angiotensin-II receptor blocker. *Safety population.

Table 1: Baseline characteristics of patients
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secondary endpoints was reported, in addition to measures 
of eff ect sizes, SEs, and CIs. Multiplicity adjustment was 
not done for secondary endpoint analyses.

Eff ect of IMT on the primary endpoint was assessed 
in prespecifi ed subgroups of patients defi ned on the 
basis of 20 prerandomisation variables, including age, 
sex, cause of heart failure, history of myocardial 
infarction, NYHA functional class, LVEF, medication 
usage, and presence of resynchronisation therapy or 
implantable defi brillator. Eff ect sizes and CIs were 
measured for all subgroup strata. Uniformity of 
treatment eff ect was assessed by a Cox proportional 
hazards analysis, which provided an assessment of the 
homogeneity of the eff ect of therapy. Two associations 
were investigated: (1) direct or main eff ect of the 
subgroup on primary endpoint; and (2) degree to which 
the subgroup strata aff ected the association between 
therapy and the primary endpoint (eff ect modifi er or 
interaction).

The Minnesota living with heart failure questionnaire 
(MLHFQ)19 was administered before randomisation 
(baseline) and every 3 months until end of study. Change 
in scores between baseline and each follow-up assessment 
was calculated for all scale scores and treatment group. 
An analysis of covariance model was used to examine the 
overall eff ect of treatment on quality of life.

The intent-to-treat population was defi ned as all 
patients randomised, and the safety population included 
all randomised patients who received at least one study 
treatment. This study is registered with ClinicalTrials.gov, 
number NCT00111969.

Role of the funding source
Members of the medical and scientifi c departments of the 
sponsor Vasogen supported the work of the steering 
committee, data and safety monitoring board, and central 
endpoint committee, but did not make any scientifi c or 
research decisions independent of these committees.

Results
2426 patients were randomised at 177 centres in seven 
countries (Canada, Denmark, Germany, Israel, Norway, 
Poland, and the USA) between June, 2003 and May, 2005 
(fi gure 1). Table 1 shows the baseline characteristics. 
Patients were predominately white men with severe LV 
systolic dysfunction. Almost all patients were in NYHA 
class II or III. Medical history of patients included 
myocardial infarction and diabetes mellitus, and about 
two-thirds of patients had previously undergone coronary 
artery bypass surgery or percutaneous revascularisation 
procedure. Medically, patients were very well treated as 
shown by most receiving either an angiotensin-converting 
enzyme inhibitor or angiotensin-receptor blocker and a 
β blocker at baseline. Antiplatelet agents and warfarin 
were also used. Implanted defi brillators were present at 
baseline in about a quarter of patients and about a tenth 
had a resynchronisation pacemaker in place.

By the end of the study, we recorded a primary endpoint 
in a total of 828 patients in the two groups (fi gure 2 and 
table 2). Death was the primary event in 97 patients 
(43 vs 54 in the IMT and placebo groups, respectively) 
and hospitalisation for cardiovascular disease was the 
secondary event in a total of 731 patients. A signifi cant 
diff erence was noted in least-square mean change for 
quality of life score as measured by the MLHFQ in favour 
of IMT at study end compared with baseline (table 2).

A total of 245 deaths were reported throughout the 
course of the trial. The 1-year mortality was 117 (10%) in 
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Figure 2: Kaplan-Meier estimates of time to primary endpoint
IMT=immunomodulation therapy.

IMT (n=1204) Placebo (n=1204) Hazard ratio (95% CI) p value*

Primary outcome

Death from any cause or 
cardiovascular hospitalisation

399 (33%) 429 (36%) 0·92 (0·80–1·05) 0·22

Secondary outcome

Death or hospitalisation from 
any cause

534 (44%) 557 (46%) 0·96 (0·85–1·08) 0·51

Death from any cause or 
hospitalisation for heart failure

265 (22%) 292 (24%) 0·88 (0·75–1·04) 0·15

Death from any cause 128 (11%) 117 (10%) 1·08 (0·84–1·39) 0·53

Cardiovascular hospitalisation 356 (30%) 375 (31%) 0·94 (0·81–1·09) 0·39

All-cause hospitalisation 505 (42%) 519 (43%) 0·98 (0·86–1·10) 0·70

Hospitalisation for heart failure 210 (17%) 221 (18%) 0·93 (0·77–1·04) 0·44

Cardiovascular death† 75 (6%) 58 (5%) 1·28 (0·91–1·80) 0·16

Cardiovascular death or sudden 
death†

106 (8·8%) 96 (8·0%) 1·09 (0·83–1·44) 0·53

Cardiovascular events composite 100 (8·3%) 106 (8·8%) 0·95 (0·72–1·24) 0·70

MLHFQ quality of life score −6·9 −5·2 ·· 0·04

Data are number (%), unless otherwise indicated. IMT=immunomodulation therapy. MLHFQ=Minnesota living with 
heart failure questionnaire *Log-rank test for all comparisons apart from MLHFQ quality of life score, which was 
compared with ANCOVA. †Central endpoint committee (CEC) originally classifi ed cardiovascular death and sudden 
death separately. However, the two categories were aggregated post-hoc. The criteria used by the CEC to designate 
cardiovascular death compared with those used to designate sudden death supported the aggregation since the 
occurrences of sudden death, in which promontory symptoms had not been identifi ed, were probably cardiac in origin.

Table 2: Summary of study events
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the IMT group and 102 (9%) in the placebo group. 
338 (28%) patients in the IMT group and 358 (30%) in 
the placebo group were admitted (608 and 618 hospital 
admissions, respectively) at least once for a cardiovascular 
cause at 1 year. 195 (16%) patients receiving IMT were 
admitted (334 hospitalisations) at least once for heart 
failure at 1 year compared with 207 (17%) receiving 
placebo (361 hospitalisations). Other than for the quality 
of life score, there was no diff erence in secondary 
endpoints between the two groups (table 2). However, 
there was a slight, but non-signifi cant, diff erence in 
favour of IMT in the mean change from baseline in 
serum C-reactive protein at week 14 (−0·28 mg/L vs 
0·38 mg/L for the IMT and placebo groups, respectively; 
p=0·052). This diff erence could be seen until week 26 
(−0·20 mg/L vs 0·33 mg/L for the IMT and placebo 
groups, respectively; p=0·15).

Adverse events and serious adverse events reported in 
the trial were equally distributed between the IMT and 
placebo groups (table 3). Proportion of patients who 
permanently discontinued study treatment as a result of 
adverse events (including deaths) was about 11% in both 
groups. More than 26 500 injections were administered 
during the trial. Of note, at baseline, 2147 (88%) patients 
received either an antiplatelet agent (aspirin or 
clopidogrel [1664, 69%] or warfarin [817, 34%], or both 
[332, 14%]). Frequency of injection-site bruising or 
haemorrhage in patients receiving antithrombotic agent 
warfarin was 2·6% (ten events in 390 patients) and 
1·9% (eight events in 427 patients) in the IMT and 
placebo groups, respectively. No serious injection-site 
adverse events were reported. Compared with placebo, 
adverse events related to injection site were more 
frequent in the IMT group; however, in both groups, the 
frequency of injection-site adverse events as a percentage 
of total adverse events was less than 5%; all 
injection-site-related adverse events associated with IMT 
were mild (89%) or moderate (11%). Frequency of 
adverse events at injection site as a percentage of total 
injections in each group was less than 2% (table 3). No 
clinically relevant diff erences between the groups were 
noted for standard laboratory safety measurements, vital 
signs, or electrocardiographic indices.

Eff ect of IMT on death from any cause or fi rst 
cardiovascular hospitalisation for subgroups was defi ned 
on the basis of 20 prerandomisation variables (fi gure 3). 
Interaction between treatment and NYHA class and 
between treatment and history of myocardial infarction 
was signifi cant. In the 689 NYHA class II patients, 
92 primary endpoint events were recorded in the IMT 
group compared with 124 in the placebo (hazard 
ratio 0·61; 95% CI 0·46–0·80; p=0·0003). In patients 
(n=919) with no history of myocardial infarction, 
105 primary endpoint events occurred in the IMT group, 
versus 138 in the placebo group (0·74; 0·57 to 0·95; 
p=0·02). Figure 4 shows the eff ect of active treatment in 
these two subgroups.

Discussion
We have shown no diff erence in the composite endpoint 
of death from any cause or fi rst admission for 
cardiovascular reasons between patients on IMT and 
those on placebo. The ACCLAIM study achieved its 
enrolment goals and the number of target events, but it 
did not meet its primary endpoints or most of its 
secondary outcome endpoints. Quality of life (a secondary 
endpoint) was improved in the IMT group compared 
with the placebo group. IMT was safe as shown by an 

IMT
(n=1205)

Placebo
(n=1207)

Serious adverse events*

Total number 1358 1355

Total number of patients with ≥1 544 (45%) 567 (47%)

Cardiac 337 (28%) 375 (31%)

Surgical and medical procedures 125 (10%) 115 (10%)

Infections 89 (7%) 89 (7%)

Vascular 59 (5%) 55 (5%)

Renal and urinary 44 (4%) 35 (3%)

Injury and procedural complications 33 (3%) 26 (2%)

Gastrointestinal 31 (3%) 50 (4%)

Respiratory 28 (2%) 24 (2%)

Malignant disease 26 (2%) 19 (2%)

Adverse events

Total number 6761 6921

Total number of patients with ≥1 1001 (83%) 1014 (84%)

Cardiac 574 (48%) 620 (51%)

Infections 422 (35%) 452 (37%)

General and injection site 292 (24%) 256 (21%)

Gastrointestinal 270 (22%) 324 (27%)

Musculoskeletal 274 (23%) 268 (22%)

Investigations 246 (20%) 231 (19%)

Nervous system 243 (20%) 251 (21%)

Vascular 200 (17%) 200 (17%)

Metabolism and nutrition 195 (16%) 193 (16%)

Injection site adverse events

Total number of injections 13 358 13 341

Total number of patients with ≥1 137 (11%) 56 (5%)

Total number 216 81

As a proportion of total adverse events 3·2% 1·2%

As a proportion of total injections 1·6% 0·6%

Proportion classifi ed as mild 192 (89%) 66 (81%)

Injection site adverse event breakdown, number of events

Pain 142 (66%) 35 (43%)

Discomfort 30 (14%) 26 (32%)

Haemorrhage 15 (7%) 5 (6%)

Bruising 12 (6%) 6 (7%)

Burning 5 (2%) 1 (1%)

Other 12 (6%) 8 (10%)

Data are number (% of total patients within treatment group), unless otherwise 
noted. *Patients counted once within each body system.

Table 3: Most frequently occurring adverse events
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equal distribution of serious adverse events between the 
IMT and placebo groups. Importantly, no detrimental 
haemodynamic eff ects and no signifi cant imbalances in 
the frequency of infections or malignancies were 
recorded.

Absence of benefi t on the primary endpoint in the 
ACCLAIM study was disappointing in view of increasing 
evidence that infl ammation plays a part in the progression 
of heart failure. Indeed, the association between TNFα 
concentrations and chronic heart failure severity 
encouraged previous investigators to undertake studies 
aimed at assessing the eff ects of neutralising TNFα 
activity in patients with chronic heart failure. However, 
this highly specifi c anticytokine approach has produced 
disappointing results.5,6 Various explanations for the 
failure of these trials have been proposed, which include 
the possibility that the biological agents used to 
antagonise TNFα activity were intrinsically toxic or might 
have stimulated rather than neutralised TNFα activity.4 
Also, TNFα is not the only infl ammatory mediator that is 
increased in chronic heart failure.20,21 Other infl ammatory 
cytokines (eg, interleukin 1, interleukin 6) might have 
been suffi  ciently increased to overcome any benefi ts 
derived from neutralising TNFα. Further, targeted 
antiTNFα treatment is not associated with an upregulation 
of anti-infl ammatory mediators that have the potential to 
restore the balance between infl ammatory and 
anti-infl ammatory cytokines.

The immunomodulatory approach used in the 
ACCLAIM study has proved experimentally to be non-
specifi c, such that no cytokine is blocked or inhibited. 
Thus, although tissue concentrations of proinfl ammatory 
cytokines have been decreased in animal models of 
infl ammation,22 concentrations of anti-infl ammatory 
cytokines, such as transforming growth factor-β and 
interleukin 10, were increased, suggesting a rebalance of 
immune responses. We did not measure cytokine 
concentrations in the ACCLAIM study and therefore the 
clinical fi ndings cannot be related to infl ammatory 
markers. This decision was taken because cytokines are 
locally produced and rapidly degraded and therefore 
circulating concentrations might not accurately mirror 
tissue infl ammation. Myocardial specimens for tissue 
analysis were not obtained. However, in an earlier trial 
assessing patients with peripheral arterial disease, a 
between-group diff erence was noted in serum 
concentrations of the infl ammatory marker C-reactive 
protein in favour of IMT after 12 months.23 In our study, 
there was a trend towards a reduction in serum C-reactive 
protein concentrations in the IMT-treated patients 
compared with placebo-treated patients. Because other 
studies have shown that C-reactive protein concentrations 
are associated with the release of infl ammatory cyto-
kines,24 we believe that these results provide support for 
an immunomodulatory mechanism of IMT. How ever, 
the overall results of the ACCLAIM study suggest that 
this treatment approach does not have suffi  cient 

biological activity to favourably alter either mortality or 
morbidity in all patients with advanced chronic heart 
failure.

Prospective analysis of prespecifi ed subgroups 
identifi ed two distinct populations that benefi ted from 
IMT—patients with NYHA class II symptoms and those 
without a history of myocardial infarction. About 
700 patients had NYHA class II symptoms (those with 
and those without a history of myocardial infarction); 
IMT reduced the risk of primary endpoint in this cohort 
by 39%. Another subgroup that benefi ted was a cohort of 
more than 900 patients without a history of myocardial 
infarction in whom IMT was associated with a 26% risk 
reduction. Both of the subgroups—compared with the 
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Figure 3: Eff ect of immunomodulation therapy (IMT) on death from any cause or cardiovascular 
hospitalisation in prespecifi ed subgroups
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entire population—consisted of younger patients with 
baseline variables that were characteristic of less severe 
disease—ie, increased ejection fraction, haemoglobin 
con centrations, systolic blood pressure, and body-mass 
index; and, reduced C-reactive protein concentrations.

The explanation for these results might lie in the 
mechanisms by which immune cardiac injury arises—
eg, experimental cardiac-restricted overexpression of 
TNFα-induced hypertrophy and subsequent progressive 
cardiac dilation and death.25 Blockage of TNFα prevented 
development of hypertrophy and injury;26 however, once 
TNFα-induced injury is established, antiTNFα therapy 
off ers no therapeutic benefi t. The negative fi ndings of 
the results of the randomised etanercept worldwide 
evaluation (RENEWAL) trial are consistent with this 
proposition.6 For antiTNFα therapy to be clinically 
eff ective, an intervention would need to be started early, 
before development of permanent cellular damage. 

Consistent with this opinion are the fi ndings of a clinical 
trial in which antiTNFα therapy started within the fi rst 
2 weeks of cardiac transplantation reduced the 
development of cardiac allograft hypertrophy, which 
develops in association with high concentrations of 
intramyocardial TNFα.27 Taken together these results 
suggest that TNFα-induced cardiac injury is preventable, 
but only if started before permanent myocyte injury 
occurs. This hypothesis is consistent with the results of 
the ACCLAIM study, in which a clinical benefi t was seen 
in subgroups with less advanced disease—ie, patients 
without a history of myocardial infarction and those with 
a history of myocardial infarction who had not yet 
progressed to an increased symptomatic or refractory 
stage of myocardial damage.

A similar frequency of adverse events, including 
serious adverse events, was reported by patients given 
IMT compared with those in the placebo group. 
Specifi cally, no demonstrable eff ect on vital signs or renal 
function was recorded as shown by the adverse events 
and laboratory profi les. These fi ndings are of relevance 
because an increasing number of patients are now given 
haemodynamically and metabolically active drugs. 
Another similarity was noted in the rates of both infection 
and cancer between the IMT and placebo groups, 
attesting to the safety of active treatment. Although an 
imbalance in the occurrence of malignant diseases was 
recorded in a previous IMT trial assessing patients with 
peripheral arterial disease,23 the overall occurrence of 
confi rmed or suspected malignant diseases in 
ACCLAIM—a trial with four times as many patients and 
longer treatment exposure time—was similar (p=0·30, 
Fisher’s exact test). In the ACCLAIM study, no particular 
type of cancer predominated, although an imbalance was 
seen in reports of colorectal cancer (nine patients in the 
IMT group and three in the placebo group).

In practice, use of intramuscular injections in patients 
with heart failure has been constrained because of 
concern for the development of local haematoma or 
bleeding, especially among patients on anticoagulant or 
antiplatelet therapies, or both. In the ACCLAIM study, 
more than 26 500 intramuscular injections were 
administered. Antiplatelet or anticoagulant agents were 
given to about 90% of patients. However, the rate of 
haemorrhage or bruising was 0·14% of total number of 
injections administered to patients. Additionally, less 
than 1% of injections were associated with pain or dis-
comfort at the administration site. The fi ndings of our 
large study show that intramuscular therapy is both safe 
and well tolerated in patients with heart failure. Our 
fi ndings suggest a role for non-specifi c immuno-
modulation as a potential treatment for a large segment 
of the heart failure population—including patients 
without a history of myocardial infarction (irrespective of 
their functional NYHA class) and those within NYHA 
class II. However, this hypothesis needs to be tested in an 
adequately powered confi rmatory trial.
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