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Addition of interleukin-6 inhibition with tocilizumab to 
standard graft-versus-host disease prophylaxis after 
allogeneic stem-cell transplantation: a phase 1/2 trial 
Glen A Kennedy*, Antiopi Varelias*, Slavica Vuckovic, Laetitia Le Texier, Kate H Gartlan, Ping Zhang, Gethin Thomas, Lisa Anderson, Glen Boyle, 
Nicole Cloonan, Justine Leach, Elise Sturgeon, Judy Avery, Stuart D Olver, Mary Lor, Ashish K Misra, Cheryl Hutchins, A James Morton, 
Simon TS Durrant, Elango Subramoniapillai, Jason P Butler, Cameron I Curley, Kelli P A MacDonald, Siok-Keen Tey, Geoff rey R Hill

Summary
Background Interleukin 6 mediates graft-versus-host disease (GVHD) in experimental allogeneic stem-cell 
transplantation (allogeneic SCT) and represents an attractive therapeutic target. We aimed to assess whether the 
humanised anti-interleukin-6 receptor monoclonal antibody, tocilizumab, could attenuate the incidence of acute GVHD.

Methods We undertook a single-group, single-institution phase 1/2 study at the Royal Brisbane and Women’s Hospital 
Bone Marrow Transplantation unit, QLD, Australia. Eligible patients were 18–65 years old and underwent T-replete 
HLA-matched allogeneic SCT with either total body irradiation-based myeloablative or reduced-intensity conditioning 
from unrelated or sibling donors. One intravenous dose of tocilizumab (8 mg/kg, capped at 800 mg, over 60 mins’ 
infusion) was given the day before allogeneic SCT along with standard GVHD prophylaxis (cyclosporin [5 mg/kg per 
day on days –1 to +1, then 3 mg/kg per day to maintain therapeutic levels (trough levels of 140–300 ng/mL) for 
100 days plus methotrexate [15 mg/m² on day 1, then 10 mg/m² on days 3, 6, and 11]). The primary endpoint was 
incidence of grade 2–4 acute GVHD at day 100, assessed and graded as per the Seattle criteria. Immunological profi les 
were compared with a non-randomised group of patients receiving allogeneic SCT, but not treated with tocilizumab. 
This trial is registered with the Australian and New Zealand Clinical Trials Registry, number ACTRN12612000726853.

Findings Between Jan 19, 2012, and Aug 27, 2013, 48 eligible patients receiving cyclosporin and methotrexate as 
GVHD prophylaxis were enrolled into the study. The incidence of grade 2–4 acute GVHD in patients treated with 
tocilizumab at day 100 was 12% (95% CI 5–24), and the incidence of grade 3–4 acute GVHD was 4% (1–13). Grade 2–4 
acute GVHD involving the skin developed in fi ve (10%) patients of 48 treated with tocilizumab, involving the 
gastrointestinal tract in four (8%) patients; there were no reported cases involving the liver. Low incidences of 
grade 2–4 acute GVHD were noted in patients receiving both myeloablative total body irradiation-based conditioning 
(12% [95% CI 2–34) and fl udarabine and melphalan reduced-intensity conditioning (12% [4–27]). Immune 
reconstitution was preserved in recipients of interleukin-6 receptor inhibition, but qualitatively modifi ed with 
suppression of known pathogenic STAT3-dependent pathways.

Interpretation Interleukin 6 is the main detectable and dysregulated cytokine secreted after allogeneic SCT and its 
inhibition is a potential new and simple strategy to protect from acute GVHD despite robust immune reconstitution; 
a randomised, controlled trial assessing tocilizumab in addition to standard GVHD prophylaxis in these patients is 
warranted.

Funding National Health and Medical Research Council and Queensland Health.

Introduction
Allogeneic stem-cell transplantation (SCT) remains the 
curative therapy for a range of malignant conditions. 
Allogeneic SCT acts by mediating immunological graft-
versus-leukaemia eff ects directed against residual 
leukaemia after transplantation. Unfortunately, these 
immune responses can also be directed towards normal 
host organs and tissues, resulting in acute graft-versus-
host disease (GVHD) in the skin, gut, and liver, which 
causes substantial mortality and morbidity.

Pro-infl ammatory cytokines have been recognised as 
mediators of acute GVHD in experimental systems, 
particularly interleukin 1, tumour necrosis factor (TNF), 
interferon γ (IFNγ), and interleukin 6.1 These cytokines 

are generated by both conditioning-induced tissue 
damage and donor T-cells, the latter perpetuating GVHD 
via direct cytotoxic eff ects on host tissue and the 
promotion of pathogenic alloantigen-specifi c Th1 and 
Th17 diff erentiation.1 To date, interleukin 1 and TNF have 
been extensively targeted in clinical allogeneic SCT with 
varying success.2,3 Interleukin 6 has recently been 
proposed as a key mediator in the pathogenesis of GVHD 
in experimental systems.4,5 Interleukin 6 can be produced 
by most cell types with T-cells and myeloid cells secreting 
large quantities.6 Interleukin 6 signals via an interleukin-6 
receptor/gp130 heterodimer and, while the interleukin-6 
receptor has restricted tissue distribution (T cells, 
monocytes, neutrophils, and hepatocytes), the gp130 
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component is ubiquitously expressed. The interleukin-6 
receptor is cleaved by metalloproteases into a soluble 
form that then binds interleukin 6 and signals in-trans in 
any tissue expressing gp130.6 The in-trans signalling 
pathway is highly infl ammatory, while classic signalling 
in cells directly expressing the interleukin-6 receptor is 
crucial for the diff erentiation of donor T-cells down a 
Th17 pathway, which is capable of mediating GVHD.6,7 
A  humanised anti-interleukin-6 receptor monoclonal 
antibody, tocilizumab, has been extensively studied in 
humans; it inhibits both classical and trans-signalling, 
and is approved for clinical use for treatment of 
rheumatoid arthritis.8

No articles had been published that used interleukin-6 
inhibition for prevention of GVHD in patients undergoing 
haemopoietic stem-cell transplantation when we planned 
this study or subsequently. However, we and others had 
published preclinical data suggesting that interleukin 6 
was an important pathogeneic cytokine mediating 
GVHD.4,5 We thus hypothesised that tocilizumab could 
attenuate the incidence of acute GVHD.

Methods
Study design and participants
In this prospective, single institution, single group phase 
1/2 study, eligible patients were enrolled from the Royal 
Brisbane and Women’s Hospital (RBWH BMT unit), 
Brisbane, QLD, Australia and were aged 18–65 years. 
Patients underwent T-replete HLA-matched allogeneic 
SCT with either myeloablative or reduced-intensity 
conditioning from matched-unrelated or matched-sibling 
donors. Eligible patients also had to have an Eastern 
Cooperative Oncology Group performance status of 2 or 
less, total bilirubin 30 μmol/L or less, aminotransferases 
3·0 × upper limit of normal or less, creatinine clearance 
50 mL per min/1·73 m² or greater, left ventricular ejection 
fraction 40% or greater, and pulmonary diff usion capacity 
40% predicted or greater. Unrelated donors were matched 
at both alleles of HLA–A, B, C, DRB1, and DQ loci with 
high-resolution sequence-based typing (10/10 match); 
sibling donors were matched at both alleles of HLA–A, B, 
and C loci with intermediate resolution sequence-specifi c 
primers, and at HLA-DRB1 loci with sequence-based 
typing methods (8/8 match). A control cohort of patients 
derived from consecutive matched participants in an 
observational study (RBWH ethics approval, code LR 
09/10) also undertaken at our institution was used 
to examine the immunological consequences of 
interleukin-6 inhibition. This study examined the 
relationship between plasma cytokine levels and cellular 
immune function after allogeneic SCT at identical time 
points to those used in the tocilizumab trial. Recruitment 
to this study began in December 2009 and continued in 
parallel to the end of recruitment for the tocilizumab trial, 
with all included patients during this time receiving 
allogeneic SCT with myeloablative total body irradiation-
based conditioning or fl udarabine and melphalan 

reduced-intensity conditioning, but without the 
administration of tocilizumab. Patients were off ered 
participation in either the observational or interventional 
tocilizumab phase 1/2 trial during this time period; 
participation was chosen by the patient.

The trial protocol was approved by both the QIMR 
Berghofer Medical Research Institute and RBWH Human 
Research Ethics Committees (HREC/11/QRBW/345) with 
written informed consent obtained from all patients.

Procedures
Patients receiving myeloablative conditioning were given 
cyclophosphamide (60 mg/kg per day for days –5 and –4, 
where day 0 was day of allogeneic SCT plus total body 
irradiation (12 Gy total over days –3 to –1). Those receiving 
reduced-intensity conditioning were given fl udarabine 
25 mg/m² per day for days –7 to –3 plus melphalan 
120 mg/m² given on day –2. Granulocyte-colony 
stimulating factor (G-CSF) mobilised peripheral blood 
stem cells (PBSC) were transplanted in all patients 
without anti-thymocyte globulin, campath-1H, or ex-vivo 
T-cell depletion. GVHD prophylaxis was cyclosporin 
(5 mg/kg per day on days –1 to +1, then 3 mg/kg per day 
to maintain therapeutic levels (trough levels of 
140–300 ng/mL) for 100 days (with weaning thereafter at 
clinician discretion) plus methotrexate (15 mg/m² on 
day 1, then 10 mg/m² on days 3, 6, and 11).

One intravenous dose of tocilizumab (8 mg/kg, capped 
at 800 mg, over 60 mins’ infusion) was given the day 
before allogeneic SCT. The timing of administration was 
based on preclinical data5 and systemic interleukin-6 
dysregulation in patients on the observational study 
(appendix p 5) that occurred only after conditioning and 
allogeneic SCT.

To confi rm that interleukin-6 receptor monoclonal 
antibody blocked receptor signalling in vivo, we examined 
the expression of phosphorylated-STAT3 (pSTAT3) in 
CD14 monocytes, CD4 T-cells, and CD8 T-cells (where 
fresh cells were available) from patients both untreated 
and treated with tocilizumab at day 30. Exogenous 
recombinant interleukin 6 and G-CSF were used as 
positive controls to induce pSTAT3 expression. Chimerism 
was determined via short-tandem-repeat analysis of 
FACS-sorted populations in peripheral blood. We 
undertook non-hypothesis driven microarray-based RNA 
transcription profi ling of monocytes (NCBI GEO 
accession number GSE61201) and hypothesis-driven 
MiSeq-based (Illumina, version 2) profi ling in CD4 T-cells 
30 days after allogeneic SCT, when interleukin 6 signalling 
was functionally inhibited as determined by pSTAT3 
expression. The reasons for the two diff erent experimental 
approaches refl ect the fact that we hypothesised that 
interleukin-6 receptor inhibition would result in altered 
Th17 diff erentiation and the targeted MiSeq approach 
allowed us to focus our analysis on relevant transcription 
factors and cytokines with the highest level of sensitivity. 
By  contrast, we had very little understanding of the 

For the protocol see http://www.
qimrberghofer.edu.au/page/Lab/
Bone_Marrow_Transplantation/

Clinical_Trial_Protocols

See Online for appendix
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potential eff ects of interleukin-6 receptor inhibition on 
myeloid cells and thus used a non-hypothesis driven 
approach. We excluded patients with acute GVHD 
(grade 2–4) from the mRNA analysis at day 30 to avoid this 
being a confounding variable. Monocyte gene expression 
analysis was done with nucleic acid hybridisation to 
Illumina array technology (Human HT12v4 expression 
BeadChip) and scanned by an iScan Microarray Scanner 
(Illumina). Gene expression was determined using 
GenomeStudio (Illumina) and GeneSpring GX v12.5 
(Agilent Technologies) software (appendix pp 3–4). 
Cytokine analyses including interleukin-6 concentrations 
were determined by immun oassay (appendix p 2).

Outcomes
The primary endpoint was incidence of moderate to severe 
(grade 2–4) acute GVHD at day 100, assessed and graded 
as per the Seattle criteria.9 Secondary endpoints included 
time to engraftment (where neutrophil engraftment was 
defi ned as the fi rst day of neutrophil count post nadir of 
greater than 0·5 cells × 10⁹ per L on 3 consecutive days, and 
platelet engraftment was the fi rst day of platelet count post-
nadir of greater than 20 cells × 10⁹ per L [unsupported] on 
5 consecutive days, respectively), grade 2 or greater 
infection (as per the Common Terminology Criteria for 
Adverse Events criteria, version 4.03), grade 3 or greater 
liver toxicity (liver enzymes >5 × upper limit of normal or 
bilirubin >3 × upper limit of normal), chronic GVHD (as 
per the Seattle criteria),9 transplant-related mortality, 
progression-free survival, and overall survival.

Statistical analysis
Analysis of historical T-replete allogeneic SCT cohorts 
showed an incidence of grade 2–4 acute GVHD of about 
60%. To detect a 33% reduction in incidence of grade 2–4 
acute GVHD (to <40%) with 80% power and a two-sided 
signifi cance level of 5%, we calculated that a sample size 
of 48 patients was required. Survival analyses were done 
with Kaplan-Meier methods. Relapse and non-relapse 
mortality were competing risks for each other, while 
relapse and death were competing risks for GVHD. 
Competing risk regression was used to estimate 
cumulative incidence of GVHD and relapse (R software, 
version 2.15.3).10 The non-parametric Mann-Whitney U 
test (Graphpad Prism version 6.05) was used for 
comparisons of two groups and the paired Wilcoxon-rank 
sum test corrected with the Benjamini & Hochberg 
method used for multiple comparisons (R software, 
version 2.15.3). p<0·05 was considered statistically 
signifi cant. Array data were processed in GenomeStudio 
(Illumina) and analysed with Lumi11 and BRB ArrayTools12 
as described previously.13 Data were transformed by 
variance stabilisation transformation14 and then 
normalised by robust spline normalisation.15 Diff erentially 
expressed genes were identifi ed by unpaired t-test with 
univariate permutation correction.12 Additional methods 
can be found in the appendix (pp 2–4).

Role of the funding source
This was an investigator-driven and funded study without 
any involvement by a commercial sponsor. The 
corresponding author had full access to all of the data 
and the fi nal responsibility to submit for publication. 
GAK, AV, PZ, JL, ES, JA, SKT, and GRH had access to the 
primary clinical data.

This trial is registered with the Australian and 
New Zealand Clinical Trials Registry, number 
ACTRN12612000726853.

Results
Between Jan 19, 2012, and Aug 27, 2013, 48 eligible 
patients receiving cyclosporin and methotrexate as 
GVHD prophylaxis were enrolled into the study. Two 
patients who did not receive GVHD prophylaxis with 
cyclosporin and methotrexate were major protocol 
violations and thus excluded and replaced. Table 1 shows 

Interleukin-6 receptor 
monoclonal antibody treated 
population (n=48)

Age (years) 48 (22–64)

Sex

Men 30 (62%)

Women 18 (38%)

Woman donor to man recipient 10 (21%)

Disease

Acute myeloid leukaemia 26 (54%)

Acute lymphoblastic leukaemia 10 (21%)

Myelodysplasia 5 (10%)

Lymphoproliferative disorder 5 (10%)

Myeloproliferative disorder 2 (4%)

Disease status

Early 25 (52%)

Advanced 23 (48%)

Donor source

Related PBSC 22 (46%)

Unrelated PBSC 26 (54%)

Conditioning

Cy/TBI 16 (33%)

Flu/Mel 32 (67%)

Cytomegalovirus status

Recipient+/donor+ 17 (35%)

Recipient+/donor– 14 (29%)

Recipient–/donor+ 7 (15%)

Recipient–/donor– 10 (21%)

Data are median (range) or number (%). Advanced disease defi ned as 
acute leukaemia beyond fi rst complete remission, secondary leukaemia, and 
chronic myeloid leukaemia beyond fi rst chronic phase. Lymphoproliferative 
disorders included chronic lymphocytic leukaemia, multiple myeloma, 
Hodgkin’s disease, and non-Hodgkin’s lymphoma. Myeloproliferative disorders 
included chronic myeloid leukaemia and myelofi brosis. PBSC=peripheral blood 
stem cells. Cy/TBI=cyclophosphamide/total body irradiation. Flu/Mel=fl udarabine/
melphalan.

 Table 1: Patient characteristics
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patient characteristics. Enrolment is complete with a 
median follow-up of 497 days (IQR 310–622).

Cytokine dysregulation after allogeneic SCT was 
determined in a separate cohort of patients enrolled in an 
immune profi ling study of recipients conditioned with 
myeloablative (n=27) or reduced-intensity conditioning 
(n=26) receiving standard GVHD prophylaxis without 
tocilizumab treatment. Interleukin 6 concentrations 
peaked at day 7 with a fall at day 14 and returned to 
baseline by day 30 (appendix p 5). Interleukin-6 
dysregulation was equivalent in recipients of matched 
sibling or unrelated donor grafts (data not shown), but 
was proportional to the intensity of conditioning 
(appendix p 5).

Pharmacokinetic analysis of eight consecutive patients 
confi rmed high concentrations of interleukin-6 receptor 
monoclonal antibodies at day 3 (mean 64·7 μg/mL), 
which persisted in all patients 3 weeks after allogeneic 
SCT (mean 9·8 μg/mL) and remained above the level of 
detection (100 ng/mL) in six (75%) patients at day 30 
(mean 1·9 μg/mL; fi gure 1A). Soluble interleukin-6 
receptor concentrations at day 30 correlated with residual 
antibody concentrations in serum (appendix p 5). 
Interleukin-6 receptor blockade in vivo prevented STAT3 
phosphorylation in both monocytes and T-cells in 
response to interleukin 6 (fi gure 1B; appendix p 5). 

Monocytes from interleukin-6 receptor monoclonal 
antibody treated patients still phosphorylated STAT3 in 
response to G-CSF confi rming the specifi city of 
interleukin-6 blockade.

All 48 patients treated with tocilizumab achieved 
neutrophil engraftment at a median of 16 days (range 
12–32), and 47 (98%) achieved platelet engraftment at 
18 days (range 13–43). Time to engraftment in patients 
given interleukin-6 receptor monoclonal antibodies 
appeared similar to our own historical and published 
data (fi gure 1C).16,17 39 (87%) of 45 assessable patients 
achieved full donor T-cell chimerism and six were mixed 
T-cell chimeric with 81–87% donor CD3 T cells by day 30. 
By day 90, 44 (94%) of 47 surviving patients had achieved 
full donor T-cell chimerism; by 6–12 months all 
40 surviving patients in remission were fully donor T-cell 
chimeric. No graft rejection was observed.

The incidence of grade 2–4 acute GVHD in patients 
treated with tocilizumab at day 100 was 12% (95% CI 
5–24; fi gure 2A), and the incidence of grade 3–4 acute 
GVHD  was 4% (1–13; fi gure 2B). Grade 2–4 acute GVHD 
involving the skin developed in fi ve (10%) patients of 
48 treated with tocilizumab, involving the gastrointestinal 
tract in four (8%) patients; there were no reported cases 
involving the liver. Low incidences of grade 2–4 acute 
GVHD were noted in patients receiving both 

Figure 1: Interleukin-6 receptor inhibition after allogeneic stem cell transplantation
Interleukin-6 receptor monoclonal antibody concentration in sera of eight consecutive patients treated with tocilizumab up to 30 days after allogeneic SCT; each line represents one patient (A). 
Representative pSTAT3 expression in CD14 monocytes, CD4 T cells, and CD8 T cells in 26 untreated recipients compared with 11 patients treated with tocilizumab (B). Interleukin-6 and G-CSF 
recombinant proteins were used as positive and negative controls for interleukin-6 receptor stimulation. Note neither CD4 T cells nor CD8 T cells respond to G-CSF, consistent with the known low or 
absent expression of the G-CSF receptor on T-cells. Grey histograms represent isotype control stained cells. Quantitative data for each patient is shown in appendix p 5. Cumulative absolute neutrophil 
count and platelet engraftment in all 48 patients treated with tocilizumab over time (C).
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myeloablative total body irradiation-based conditioning  
(12% [95% CI 2–34]; appendix p 6) and fl udarabine and 
melphalan reduced-intensity conditioning (12% [4–27]; 
appendix p 6).

With a median follow-up of 497 days (IQR 310–622), 
the cumulative rate of relapse was 27% (95% CI 15–41; 
fi gure 2C). With a median follow-up of 474 days (IQR 
233–581), 51% (95% CI 35–65) of individuals developed 
chronic GVHD (fi gure 2D) and 22% (11–36) developed 
extensive stage chronic GVHD (fi gure 2E). Overall 
transplant-related mortality in patients receiving 
tocilizumab was 4%, comprising two non-relapse related 
deaths occurring on-study due to complications of MRSA 
infection (on day 30) and chronic liver GVHD (day 300), 
respectively. Overall survival at 24 months was 84% 
(95% CI 74–96; fi gure 2F) and overall progression-free 
survival at 24 months was 68% (95% CI 56–84; 
appendix p 6).

No signifi cant tocilizumab-related infusion reactions 
were noted. 20 episodes of grade 3 liver toxicity were 
noted in 12 (25%) of 48 treated patients before day 40 

(the period of tocilizumab antibody exposure): one (5%) 
was possibly related to tocilizumab, other toxicities 
occurred in patients who had sepsis (fi ve [25%]), or azole 
administration (14 [70%]). By day 100, 28 episodes of 
grade 3 liver toxicity were noted in 15 patients (table 2). 
No cases of grade 4 liver toxicity or veno-occlusive 
disease were identifi ed. 120 separate grade 2–4 infectious 
events occurred in 44 patients (table 2); 49 grade 2 
infections in 30 patients, 62 grade 3 infections in 
40 patients, and nine grade 4 infections in nine patients. 
59 episodes of grade 3–4 bacterial infection in 39 patients 
were recorded in the fi rst 100 days, mainly during the 
neutropenic period. Three patients developed invasive 
fungal infections: aspergillosis in two and disseminated 
fusarium in one. Cytomegalovirus reactivation occurred 
in only fi ve (16%) of 31 seropositive recipients. Other 
documented viral infections were rotavirus (fi ve [10%]), 
adenovirus (one [2%]), human metapneumovirus (one 
[2%]), respiratory syncytial virus (one [2%]), infl uenza 
(one [2%]), BK virus (one [2%]), and herpes simplex 
virus (one [2%]).

Figure 2: Eff ect of interleukin-6 receptor inhibition on transplant outcome
Eff ect of tocilizumab treatment on incidence of grade 2–4 acute GVHD (A), grade 3–4 acute GVHD (B), relapse (C), overall chronic GVHD (D), extensive chronic GVHD (E), and overall survival (F) in all 
48 treated patients. GVHD=graft-versus-host disease. SCT=stem-cell transplantation.
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Analysis of plasma cytokine concentrations shows 
that interleukin 6 concentrations were greatly increased 
(relative to baseline and the group of patients not 
treated with tocilizumab) between days 0 and 30 
(fi gure 3A). High interleukin 6 levels are probably due 
to reduced consumption as a result of the low level of 
available interleukin-6 receptor in patients treated with 
tocilizumab. Interleukin 6 levels remained elevated at 

day 30 and returned to baseline by day 60, consistent 
with eventual antibody clearance. Soluble interleukin-6 
receptor concentrations in untreated patients 
progressively decreased in the fi rst 2 weeks after 
transplant; by contrast in patients who were treated 
with tocilizumab, soluble interleukin-6 receptor 
concentrations increased after allogeneic SCT, 
returning to baseline concentrations by day 60 
(fi gure 3B). Soluble gp130 concentrations remained 
similar in treated and untreated patients and increased 
predominantly in response to transplantation 
(fi gure 3C). IFNγ and interleukin 8 concentrations 
seemed to be increased early after allogeneic SCT 
(fi gure 3D, E) in patients receiving interleukin-6 
receptor monoclonal antibody, whereas concentrations 
of interleukin 17 (fi gure 3F) and TNF, interleukin 1β, 
and interleukin 4 (appendix p 7) in the plasma did not 
increase. Interestingly, concentrations of interleukin 17 
increased in both groups beyond day 90 during the 
period in which chronic GVHD characteristically 
develops.

To understand the eff ect of interleukin 6 inhibition on 
immune reconstitution and function, we enumerated  
innate and adaptive cell populations in patients after 
allogeneic SCT. Interleukin-6 inhibition was associated 
with accelerated plasmacytoid dendritic cell and B-cell 
reconstitution (appendix p 8) with similar numbers of 
T-cell (appendix p 8) and myeloid dendritic cell subsets in 
the fi rst 100 days (appendix p 8). Cytokine (IFNγ, 
interleukin 17A, TNF, and interleukin 4) protein 
expression was similar in CD4 T-cells in the presence or 
absence of interleukin-6 receptor inhibition 2 weeks after 
allogeneic SCT (appendix p 9). We performed microarray 
analysis to determine diff erential gene expression in 
monocytes, and confi rmed diff erential regulation of a 
large number of molecules, including inhibition of 
SOCS3 (the downstream physiological inhibitor of 
STAT3 phosphorylation18), together with the interleukin-6 
receptor and cytokines or chemokines and receptors 
involved in diff erentiation, infl ammation, and migration 
(appendix p 10).18–22

The mRNA analysis of sort-purifi ed donor CD4 T-cells 
quantifi ed predetermined expression of genes 
associated with T-cell diff erentiation and function which 
are shown in appendix p 11. This analysis showed that 
SOCS3 mRNA was also reduced (and interleukin 18 
increased) in patients treated with tocilizumab 
(appendix p 12). However, unsupervised hierarchical 
clustering did not delineate other interleukin-6 receptor 
monoclonal antibody-dependent changes, including Treg 
(FoxP3), Th1 (t-bet), Th2, (GATA3), and Th17 (RORC) 
transcription factors or lineage-associated cytokines or 
chemokines (appendix p 12). Thus, the eff ects of 
interleukin-6 inhibition correlate with inhibition of the 
STAT3 pathway in monocytes and T-cells, but seem to 
be independent of T-cell diff erentiation in peripheral 
blood.

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

Serious adverse events

Infection (bacterial) .. .. 13* 6† ..

Infection (fungal) .. .. .. 2‡ ..

Infection (viral) .. .. 2 .. ..

Diff use alveolar haemorrhage .. .. .. 1 ..

Acute kidney injury .. .. 1 .. ..

Multiorgan failure .. .. .. 1§ ..

Pneumothorax .. .. .. .. 1§

Syncope .. .. 3 .. ..

Diarrhoea 1 1 2 .. ..

Delayed platelet engraftment .. .. 1¶ .. ..

Adverse events||

Infection (bacterial) .. 18 39 1 ..

Infection (fungal) .. 15** 1†† .. ..

Infection (viral) .. 16 7‡‡ .. ..

Hyperbilirubinaemia .. .. 5§§ .. ..

Increased activity of liver enzymes .. .. 23¶¶ .. ..

Diff use alveolar haemorrhage .. .. 2 .. ..

Pulmonary oedema .. .. 1§ .. ..

Upper gastrointestinal haemorrhage .. .. 1§ .. ..

Typhlitis .. .. 1 .. ..

Oral mucositis .. .. 24 .. ..

Nausea .. .. 1 .. ..

Anorexia .. .. 1 .. ..

Hypokalaemia .. .. 6 1 ..

Hyperglycemia .. .. 7 .. ..

Hypertriglyceridemia .. .. 1 .. ..

Hypertension .. .. 2 .. ..

Syncope .. .. 1 .. ..

Data are number of events. Serious adverse events met one or more of the following criteria: required admission to 
hospital or prolongation of existing admission to hospital, resulted in a persistent or major disability or incapacity, was 
fatal or life-threatening, resulted in a congenital malformation, or required medical or surgical intervention to prevent 
the above outcomes. *Hospital admission with non-neutropenic fevers (three), line-related infection (three), sinusitis 
(two), bronchitis (one), urinary tract infection (one), leg ulcer (one), Clostridium diffi  cile infection (one), and 
gastrointestinal infection (one). †Admission to intensive care unit with bacterial sepsis: Klebsiella pneumoniae (three), 
Staphylococcus aureus (two), and Granulicatella adiacens (one). ‡Fusarium solani sepsis (one) and invasive pulmonary 
aspergillosis (one). §These represent the same individual who developed Staphyloccous aureus sepsis, followed by acute 
kidney injury, pulmonary oedema, and fi nally bilateral pneumothoraces in the setting of respiratory syncytial virus 
infection. The patient had morbid obesity (body-mass index 62) and died from the consequences of an iatrogenic 
chest-wall haemorrhage. ¶Patient had a donor-specifi c HLA-DP antibody. ||Toxicities are routinely encountered in all 
allogeneic stem-cell transplantation recipients and expected procedural grade 1–2 adverse events were not reported. 
All grade 3 or greater toxicities were reported. Additionally, all grade 2 or greater infections were also reported. **Oral 
candidiasis (12), vaginal candidiasis (two), and fusarium sinusitis (one). ††Aspergillus terreus skin infection. 
‡‡Cytomegalovirus reactivation (four), rotavirus (two), and respiratory syncytial virus (one). §§All occurred within day 
40, one patient also had grade 3 liver enzyme elevation. ¶¶Liver enzymes (alanine aminotransferase, aspartate 
aminotransferase, alkaline phosphatase, and γ glutamyltransferase) were considered separately. 23 events were noted 
in 11 patients, of which 15 events in eight patients occurred within day 40 (the period of exposure to tocilizumab).

 Table 2: Serious adverse events and adverse events up to day 100 after transplant
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Discussion
We show that addition of tocilizumab to standard GVHD 
prophylaxis for patients who have received HLA-matched 
allogeneic SCT is safe, and associated with a very low 
incidence of signifi cant acute GVHD. This incidence was 
well below published data from our own and other 
centres for acute GVHD, which is between 40% and 60% 
in this setting (panel).16,17

The eff ector pathways inducing tissue injury in acute 
GVHD have been attributed to both cytokines and the 
cytolytic pathways of donor T-cell and NK cells. The 
relative contribution remains debated, but certainly 
infl ammatory cytokines (interleukin 1, TNF, and IFNγ) 
play a major part in experimental systems in which 
GVHD is described as a cytokine storm.1 Here, we show 
that interleukin 6 is the major detectable dysregulated 
and pathogenic cytokine early after clinical allogeneic 
SCT. With regards to the aforementioned cytokines, 
interleukin 1 neutralisation is not eff ective in preventing 
GVHD in randomised clinical trials.2 By contrast, TNF 
inhibition seems to be eff ective,23 but confi rmatory 
randomised studies have not been done, probably 
because of the unknown ability to inhibit graft-versus-
leukaemia eff ects.24 Subsequent studies have also 
suggested effi  cacy for TNF inhibition in the initial25 or 
third-line treatment of steroid refractory acute GVHD,26 

but there are inconsistencies such as restricted effi  cacy in 
some studies.3 Here, we have shown that IFNγ does not 
seem to be systemically dysregulated in clinical allogeneic 
SCT recipients. Furthermore, the increase in IFNγ after 
interleukin-6 inhibition, despite a reduction in acute 
GVHD, could be consistent with the regulatory properties 
attributed to this cytokine27 and is associated with high 
levels of protective immunity to cytomegalovirus.

The fact that clinical interleukin-6 dysregulation 
mirrors that observed in experimental systems suggests 
that most of the cytokine is generated in response to 
conditioning, and is not subject to inhibition by 
cyclosporin. Thus, inhibition of interleukin 6 and 
standard immune suppression seem to act synergistically, 
suggesting that interleukin-6 inhibition as an adjunct to 
GVHD prophylaxis is likely to be most eff ective after 
intensive conditioning. However, despite the decreased 
concentrations of interleukin 6 seen after reduced-
intensity conditioning, interleukin-6 inhibition in this 
setting also led to a very low incidence of acute GVHD. 
Whether this is true after non-myeloablative conditioning 
remains to be determined. The incidence of chronic 
GVHD of any stage seemed similar to our own historical 
levels in this setting and published metadata.17 This 
fi nding is intriguing in view of the eff ect on acute GVHD 
and the tight relationship between the development of 

Figure 3: Eff ect of interleukin-6 receptor inhibition on systemic cytokine concentrations with time
Concentrations of interleukin 6 (A), soluble interleukin-6 receptor (B), soluble gp130 (C), interferon γ (D), interleukin 8 (E), and interleukin 17 (F) in plasma of 53 untreated patients compared with 
48 patients treated with tocilizumab. ****p<0·0001, **p<0·01, *p<0·05, increased in interleukin-6 receptor monoclonal antibody-treated versus untreated (ie, blue vs red stacked bars). Data are mean (SEM, 
error bars). Blue ‡p<0·05, blue ‡‡p<0·01, blue ‡‡‡p<0·001, blue ‡‡‡‡p<0·0001, increased cytokine concentrations in interleukin-6 receptor monoclonal antibody-treated recipients  versus respective baseline 
day –7 concentrations. Red †p<0·05, red ††p<0·01, red †††p<0·001, red ††††p<0·0001, increased cytokine concentrations in untreated recipients versus respective baseline day –7 concentrations.
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acute and chronic GVHD. Larger data sets with longer 
follow up are thus required to fully ascertain eff ects on 
chronic GVHD.28 Likewise, although relapse was well 
within published norms,17 further data are needed. 
Possibly, longer term interleukin-6 inhibition through 
tocilizumab treatment by repeated dosing could be 
needed to mediate an eff ect on chronic GVHD, but 
interleukin 6 does not seem to be systemically 
dysregulated beyond day 90 after allogeneic SCT when 
chronic GVHD manifests (concentrations beyond day 
100 are not above baseline in controls). Importantly, 
acute GVHD, although T-cell dependent, is known to be 
mediated, at least in part, by infl ammatory cytokines.1 By 
contrast, the mechanistic pathway in chronic GVHD 
involves Th17 diff erentiation29 and germinal centre B 
cells.30 The increase in interleukin 17 noted late after 
transplant both in patients receiving interleukin-6 
inhibition and controls is thus intriguing, and potentially 
explains why interleukin-6 inhibition does not seem to 
aff ect chronic GVHD. Thus, chronic GVHD and graft-
versus-leukaemia could be interleukin 6-independent, 
the latter being consistent with data from in-vivo mouse 
studies.5

Finally, experimental studies suggest that interleukin 6 
has direct pathogenic eff ects that mediate acute GVHD 
independently of CD4 T-cells in addition to its ability to 
promote pathogenic Th17 diff erentiation.4,5 Despite the 
protective eff ects of interleukin-6 inhibition on acute 
GVHD and the inhibition of STAT3 signalling in 
monocytes and T-cells, we were unable to show 
quantitative or qualitative eff ects on T-cell diff erentiation 
in peripheral blood. By contrast, monocytes were highly 
modifi ed, with transcriptional changes in multiple 
pathways. Although we cannot exclude eff ects of 

interleukin-6 inhibition on T-cell migration and 
diff erentiation specifi cally within GVHD target organs, 
our results argue that modifi cation of myeloid cells and 
inhibition of interleukin 6-induced tissue damage 
directly could exert a major protective aff ect. Notably, the 
eff ects of cyclosporin almost certainly aff ect the ability of 
interleukin-6 receptor inhibition to alter T-cell 
diff erentiation and it is possible that alternative immune 
suppression (eg, with rapamycin) could modify this 
eff ect. Finally, and importantly, although all patients 
reported in our study were maintained on therapeutic 
cyclosporin to day 100, thereafter immune suppression 
was withdrawn at the discretion of the clinician. Thus, 
the cytokine and immune reconstitution data beyond 
day 100 are subject to infl uences by diff erential levels of 
immune suppression and should thus be interpreted 
with caution and this caveat in mind.

In summary, the addition of interleukin-6 inhibition to 
standard GVHD prophylaxis seems to be safe and results 
in a very low incidence of acute GVHD. Further testing 
in randomised, controlled trials is therefore warranted.
Contributors
GAK designed the study, enrolled the patients, provided clinical care of 
patients in the study, analysed the data, and wrote the report. AV 
generated and analysed the patients and immunological data and wrote 
the report. SV, KHG, SDO, and ML generated and analysed the 
immunological data. PZ analysed the patients and immunological data. 
GT, LA, GB, LL, NC, and KPAM generated and analysed the mRNA data. 
JL, ES, and JA coordinated and collected the patient samples and data. 
AKM, AJM, STSD, ES, JPB, and CIC enrolled and provided clinical care of 
patients in the study. CH did the engraftment analysis. SKT enrolled and 
provided clinical care of patients in the study, analysed the data, and wrote 
the report. GRH designed the study, and enrolled and provided clinical 
care of patients in the study, analysed the data, and wrote the report.

Declaration of interests
We declare no competing interests.

Acknowledgments
This study was funded by the National Health and Medical Research 
Council and QLD Health, Australia.

References 
1 Markey KA, MacDonald KP, Hill GR. The biology of graft-versus-

host disease: experimental systems instructing clinical practice. 
Blood 2014; 124: 354–62. 

2 Antin JH, Weisdorf D, Neuberg D, et al. Interleukin-1 blockade does 
not prevent acute graft-versus-host disease: results of a randomized, 
double-blind, placebo-controlled trial of interleukin-1 receptor 
antagonist in allogeneic bone marrow transplantation. Blood 2002; 
100: 3479–82. 

3 Alousi AM, Weisdorf DJ, Logan BR, et al. Etanercept, mycophenolate, 
denileukin, or pentostatin plus corticosteroids for acute graft-versus-
host disease: a randomized phase 2 trial from the Blood and Marrow 
Transplant Clinical Trials Network. Blood 2009; 114: 511–17. 

4 Chen X, Das R, Komorowski R, et al. Blockade of interleukin-6 
signaling augments regulatory T-cell reconstitution and attenuates 
the severity of graft-versus-host disease. Blood 2009; 114: 891–900. 

5 Tawara I, Koyama M, Liu C, et al. Interleukin-6 modulates graft-
versus-host responses after experimental allogeneic bone marrow 
transplantation. Clin Cancer Res 2011; 17: 77–88. 

6 Scheller J, Chalaris A, Schmidt-Arras D, Rose-John S. The pro- 
and anti-infl ammatory properties of the cytokine interleukin-6. 
Biochim Biophys Acta 2011; 1813: 878–88. 

7 Serody JS, Hill GR. The IL-17 diff erentiation pathway and its role in 
transplant outcome. Biol Blood Marrow Transplant 2012; 18: S56–61. 

8 Singh JA, Beg S, Lopez-Olivo MA. Tocilizumab for rheumatoid 
arthritis: a Cochrane systematic review. J Rheumatol 2011; 38: 10–20. 

Panel: Research in context

Systematic review
We searched PubMed for articles published between June 1, 1950, and June 1, 2010, 
without language restrictions and using the keywords “graft versus host disease”, 
“tocilizumab”, “interleukin-6”, and “hematopoietic stem-cell transplantation”. In 2010, 
when planning the study and subsequently, no articles had been published that used 
interleukin-6 inhibition for prevention of graft-versus-host disease (GVHD) in patients 
undergoing haemopoietic stem-cell transplantation. However, at that time, we and 
others had published preclinical data suggesting that interleukin 6 was an important 
pathogeneic cytokine mediating GVHD.4,5 Furthermore, we generated correlative 
observational clinical data showing interleukin-6 dysregulation early after transplant and 
together these fi ndings justifi ed and instructed the design of the phase 1/2 trial 
undertaken here. The study was thus designed to examine the ability of blocking 
interleukin-6 signalling early after transplant to attenuate the development of signifi cant 
acute GVHD.

Interpretation
Our study represents to our knowledge, the fi rst clinical trial examining the addition of 
tocilizumab to standard GVHD prophylaxis, and we show that it is safe and seems to 
reduce the incidence of moderate to severe acute GVHD. A randomised controlled trial of 
this therapeutic approach is now warranted.



Articles

www.thelancet.com/oncology   Vol 15   December 2014 1459

9 Glucksberg H, Storb R, Fefer A, et al. Clinical manifestations 
of graft-versus-host disease in human recipients of marrow from 
HL-A-matched sibling donors. Transplantation 1974; 18: 295–304. 

10 Klein JP, Rizzo JD, Zhang MJ, Keiding N. Statistical methods 
for the analysis and presentation of the results of bone marrow 
transplants. Part 2: regression modeling. Bone Marrow Transplant 
2001; 28: 1001–11. 

11 Du P, Kibbe WA, Lin SM. lumi: a pipeline for processing 
Illumina microarray. Bioinformatics 2008; 24: 1547–48. 

12 Simon R, Lam A, Ming-Chung L, Ngan M, Menenzes S, Zhao Y. 
Analysis of gene expression data using BRB-array tools. 
Cancer Inform 2007; 3: 11–17. 

13 Duan R, Leo P, Bradbury L, Brown MA, Thomas G. 
Gene expression profi ling reveals a downregulation in 
immune-associated genes in patients with AS. Ann Rheum Dis 2010; 
69: 1724–29. 

14 Lin SM, Du P, Huber W, Kibbe WA. Model-based 
variance-stabilizing transformation for Illumina microarray data. 
Nucleic Acids Res 2008; 36: e11. 

15 Workman C, Jensen LJ, Jarmer H, et al. A new non-linear 
normalization method for reducing variability in DNA microarray 
experiments. Genome Biol 2002; 3: research0048. 

16 Morton J, Hutchins C, Durrant S. Granulocyte-colony-stimulating 
factor (G-CSF)-primed allogeneic bone marrow: signifi cantly less 
graft-versus-host disease and comparable engraftment to 
G-CSF-mobilized peripheral blood stem cells. Blood 2001; 
98: 3186–91. 

17 Stem Cell Trialists’ Collaborative G. Allogeneic peripheral blood 
stem-cell compared with bone marrow transplantation in the 
management of hematologic malignancies: an individual patient 
data meta-analysis of nine randomized trials. J Clin Oncol 2005; 
23: 5074–87. 

18 Hill GR, Kuns RD, Raff elt NC, et al. SOCS3 regulates 
graft-versus-host disease. Blood 2010; 116: 287–96. 

19 Jankovic D, Ganesan J, Bscheider M, et al. The Nlrp3 
infl ammasome regulates acute graft-versus-host disease. 
J Exp Med 2013; 210: 1899–910. 

20 Seillet C, Belz GT. Terminal diff erentiation of dendritic cells. 
Adv Immunol 2013; 120: 185–210. 

21 Springer TA. Traffi  c signals for lymphocyte recirculation and 
leukocyte emigration: the multistep paradigm. Cell 1994; 76: 301–14. 

22 Lou Y, Liu S. The TIPE (TNFAIP8) family in infl ammation, 
immunity, and cancer. Mol Immunol 2011; 49: 4–7. 

23 Holler E, Kolb HJ, Mittermueller J, et al. Modulation of acute 
graft-versus-host disease after allogeneic bone marrow 
transplantation by tumor necrosis factor a (TNFa) release in the 
course of pretransplant conditioning: role of conditioning regimens 
and prophylactic application of a monoclonal antibody neutralizing 
human TNFa (MAK 195F). Blood 1995; 86: 890–99. 

24 Hill GR, Teshima T, Gerbita A, et al. Diff erential roles of IL-1 
and TNFa on graft-versus-host disease and graft-versus leukemia. 
J Clin Invest 1999; 104: 459–67. 

25 Levine JE, Paczesny S, Mineishi S, et al. Etanercept plus 
methylprednisolone as initial therapy for acute graft-versus-host 
disease. Blood 2008; 111: 2470–75. 

26 Kennedy GA, Butler J, Western R, Morton J, Durrant S, Hill GR. 
Combination antithymocyte globulin and soluble TNFalpha 
inhibitor (etanercept) +/- mycophenolate mofetil for treatment 
of steroid refractory acute graft-versus-host disease. 
Bone Marrow Transplant 2006; 37: 1143–47. 

27 Robb RJ, Hill GR. The interferon-dependent orchestration of 
innate and adaptive immunity after transplantation. Blood 2012; 
119: 5351–58. 

28 Flowers ME, Inamoto Y, Carpenter PA, et al. Comparative analysis 
of risk factors for acute graft-versus-host disease and for chronic 
graft-versus-host disease according to National Institutes of Health 
consensus criteria. Blood 2011; 117: 3214–19. 

29 Hill GR, Olver SD, Kuns RD, et al. Stem cell mobilization with 
G-CSF induces type 17 diff erentiation and promotes scleroderma. 
Blood 2010; 116: 819–28. 

30 Srinivasan M, Flynn R, Price A, et al. Donor B-cell alloantibody 
deposition and germinal center formation are required for the 
development of murine chronic GVHD and bronchiolitis 
obliterans. Blood 2012; 119: 1570–80.


	Addition of interleukin-6 inhibition with tocilizumab to standard graft-versus-host disease prophylaxis after allogeneic stem-cell transplantation: a phase 1/2 trial
	Introduction
	Methods
	Study design and participants
	Procedures
	Outcomes
	Statistical analysis
	Role of the funding source

	Results
	Discussion
	Acknowledgments
	References


