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To the Editor: In the report by Olaussen et al., 
the data were not stratified according to age, sex, 
smoking status, or histologic type. Will a sig-
nificant survival benefit persist after adjustment 
for all these factors?
Tal Grenader, M.D.
Linda Shavit, M.D.
Shaare Zedek Medical Center
91031 Jerusalem, Israel
talgrenader65@hotmail.com

The authors reply: Our analyses addressed, in 
three steps, the question of whether the character-
istics of the tumors or of the patients influenced 
the observed differential effect of chemotherapy 
on survival among patients with ERCC1-negative 
tumors and those with ERCC1-positive tumors. 
First, we verified that there was no significant 
interaction between the treatment effect and any 
of the demographic and clinical characteristics 
of patients included in the IALT Biology (IALT Bio) 
study, a subgroup of the IALT study population.1 
This step was also taken in the analyses performed 
in the IALT. The absence of an interaction was 
verified in particular for such factors as histologic 
type, stage of disease, and the assigned treatment 
(P = 0.64, P = 0.45, and P = 0.26, respectively). Sec-
ond, when studying the interaction between ERCC1 
status and treatment, we adjusted not only for 
stratification and prognostic factors but also for 
factors associated with ERCC1 status (histopatho-
logical type, the presence or absence of pleural 
invasion, and age). Third, we verified that the in-
teraction with ERCC1 status would not disappear 
when any other interaction was added to the Cox 
model (P values for an interaction with ERCC1 sta-
tus remained below 0.009 in the presence of an 
interaction with histologic type, stage of disease, 
or assigned treatment). Thus, the interaction be-

1. tween the ERCC1 status and treatment was robust 
enough to withstand the addition of any other 
interaction.

Wilcox points out the different histologic types 
of carcinoma among the patients with ERCC1-
negative and ERCC1-positive tumors (P<0.001, in 
Table 1 of our article). As shown above, this dif-
ference does not explain the interaction between 
ERCC1 status and the treatment effect.

Cecere and colleagues request clarification of 
the role of the assigned drug and the stage of 
disease in the interaction between ERCC1 status 
and treatment. Our analysis shows that this inter-
action is the only one that remains significant 
when the model includes either of these two in-
teractions (drug or stage of disease).

Grenader and Shavit are concerned that strat-
ification according to age, sex, smoking status, 
and histologic type was not performed. Our analy-
sis took all these factors into account, except 
smoking status. Data on smoking status were not 
collected in the trial. Smoking may affect the 
prognosis for patients with lung cancer and may 
be related to ERCC1 expression. However, since 
the proportion of smokers is quite high among 
patients with non–small-cell lung cancer (around 
90%), only a very wide variation in the treat-
ment effect between smokers and nonsmokers 
could explain the observed significant interac-
tion between treatment and ERCC1 status. More 
important, adjustments for histologic type and 
sex (which are classically associated with smok-
ing) and the corresponding interactions with 
treatment do not change the results.
Ariane Dunant, M.S.
Pierre Fouret, M.D., Ph.D.
Jean-Charles Soria, M.D., Ph.D.
Institut de Cancérologie Gustave Roussy
94805 Villejuif CEDEX, France
soria@igr.fr
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Cytokine Storm and an Anti-CD28 Monoclonal Antibody
To the Editor: The events of the phase 1 trial of 
TGN1412, as detailed by Suntharalingam et al. 
(Sept. 7 issue),1 are a sobering reminder of the risks 
that research volunteers take when they participate 
in trials, but the article did not contain any com-

ments on the subjects’ mental state as they emerged 
from this near-death experience. The volunteers 
did not just suffer insults to kidney and pulmonary 
function; they were afflicted emotionally and per-
haps intellectually as well. When an experimental 
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drug has such serious adverse effects, it is worth 
reporting the psychological effects, which inform 
the ethical impact of testing experimental regimens 
and advance our understanding of the manage-
ment of psychological harm. Without mention 
of the afflicted subjects’ ability to return to their 
normal lives and their jobs or of psychological 
counseling offered to them, I view the article by 
Suntharalingam et al. as incomplete.
Keri Gardner, M.D., M.P.H.
UCLA School of Medicine
Los Angeles, CA 90024
kerik@ucla.edu

Suntharalingam G, Perry MR, Ward S, et al. Cytokine storm 
in a phase 1 trial of the anti-CD28 monoclonal antibody TGN1412. 
N Engl J Med 2006;355:1018-28.

To the Editor: We believe that the cytokine-release 
syndrome strongly resembles the toxic shock syn-
drome, which is induced by a staphylococcal super-
antigen that activates T cells, through their anti-
gen receptor, to induce massive cytokine release.1 
However, mice with deletion of the CD28 gene are 
protected from superantigen-induced, toxic shock 
syndrome–like disease.2 In addition, peptides that 
block binding to CD28 also block superantigen-
dependent cytokine secretion by T cells.3 Together, 
these observations indicate that T cells activated 
by superantigen binding to both CD28 and the an-
tigen receptor mediate the toxic shock syndrome.

CD28-deficient mice are protected from lethal 
superantigen challenge through the selective ab-
rogation of the release of tumor necrosis factor 
(TNF).2 Because TNF is also strongly induced by 
anti-CD28 antibodies and TNF infusion can in-
duce toxic shock syndrome–like disease,4 short-
term use of anti-TNF agents may benefit patients 
with the toxic shock syndrome and related syn-
dromes involving “cytokine storm.”
David B. Corry, M.D.
Dorothy E. Lewis, Ph.D.
Baylor College of Medicine
Houston, TX 77030
dcorry@bcm.tmc.edu
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To the Editor: CD28 expression by human neu-
trophils has been documented, and its activation 
alone results in the secretion of interferon-γ.1 We 
now find that a subgroup of human neutrophils 
expresses the T-cell receptor (Fig. 1). We have also 
shown that costimulation of the T-cell receptor 
and CD28 triggers the release of interleukin-8 in 
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Figure 1. Human Neutrophils Expressing the T-Cell 
Receptor.

Expression of the T-cell receptors α and β (indicated in 
red) is shown in a normal human peripheral-blood neu-
trophil (Panel A) and in a lymphocyte from the same 
person, used as a control cell (Panel B). Cells were dou-
ble-stained with a monoclonal antibody against the T-cell 
receptors α and β (red) and the neutrophil marker CD15 
(green); the nuclei were counterstained with 4′,6-diami-
dine-2-phenylidole dihydrochloride (blue). Panel C shows 
the presence of the T-cell receptors α and β on the sur-
face of a peripheral-blood neutrophil on immunogold 
electron microscopy. Arrows indicate T-cell receptor 
heterodimers (pairs).
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these cells.2 Therefore, neutrophils may represent 
a quantitatively important target of TGN1412 and 
may link the pathogenesis of the cytokine-release 
syndrome to the innate immune system.
Kerstin Puellmann, M.D.
Alexander W. Beham, M.D.
University of Regensburg
93053 Regensburg, Germany
kerstin.puellmann@web.de

Wolfgang E. Kaminski, M.D.
University of Heidelberg
68167 Mannheim, Germany
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tion and restriction of Leishmania growth. J Immunol 2002;169:
920-8.
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To the Editor: The TGN1412-exposed patients 
described by Suntharalingam et al. had many of 
the clinical and laboratory features of the macro-
phage activation syndrome, also known as second-
ary hemophagocytic lymphohistiocytosis, a severe 
and sometimes fatal condition.1,2 Unfortunately, 
important diagnostic criteria for the macrophage 
activation syndrome,3,4 such as increased ferritin 
and soluble CD25 levels, enhanced activity of nat-
ural killer cells, and specific histologic character-
istics of bone marrow, were not reported in these 
patients. Also, hepatosplenomegaly and lymph-
adenopathy, which are classic features of the mac-
rophage activation syndrome, were absent in the 
volunteers exposed to TGN1412, perhaps because 
of the very acute nature of the reaction. If charac-
terized further, TGN1412 may provide insight into 
the mechanisms that lead to the macrophage acti-
vation syndrome in other clinical settings, such as 
juvenile idiopathic arthritis or sepsis. This under-
standing may also help in the handling of future 
situations similar to the one described by Suntha-
ralingam et al., in which evidence from clinical 
trials, including those involving patients with the 
macrophage activation syndrome, could help guide 
the care of the affected patients.3

Facundo Garcia-Bournissen, M.D.
Mariana Boragina, M.D.
Shinya Ito, M.D.
Hospital for Sick Children
Toronto, ON M5G 1X8, Canada
facundo.garciabournissen@sickkids.ca
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To the Editor: Suntharalingam et al. report se-
vere adverse events in the phase 1 study of  
TGN1412. Monoclonal antibodies, which cannot 
be metabolized in the liver and cannot be elimi-
nated from the kidney, usually have long half-
lives.1 Double filtration plasmapheresis, which 
selectively removes high-molecular-weight sub-
stances, including immunoglobulins and immune 
complexes, has been proven to be effective for the 
clearance of circulating monoclonal antibodies,2 
and some studies have shown the usefulness of 
continuous hemofiltration or continuous hemo-
diafiltration for ameliorating cytokine storm.3,4 
We would like the authors to comment on wheth-
er these therapeutic measures might be beneficial 
for the treatment of severe adverse events associ-
ated with monoclonal antibodies.
Morihito Takita, M.D.
Tomoko Matsumura, M.D.
Masahiro Kami, M.D.
University of Tokyo
Tokyo 108-8639, Japan
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The Authors Reply: The psychological effect of 
serious adverse events on healthy subjects involved 
in clinical trials is important; critical illness has 
its own known neuropsychological consequenc-
es.1,2 Our institution does provide follow-up after 
discharge of patients who stay in the intensive 
care unit for more than 3 days. However, our ar-

1.

2.

3.

4.

1.

2.

3.

4.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 12, 2009 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;24 www.nejm.org december 14, 20062594

ticle was limited to the physiological and immu-
nologic events that occurred within 30 days after 
exposure; the omission cited by Gardner does not 
make the report incomplete.

Corry and Lewis suggest that the cytokine 
storm induced by TGN1412 is similar to that re-
sulting in the toxic shock syndrome, on the basis 
of the activation of CD28 on T cells. Although 
T cells were the intended targets of TGN1412, it is 
still unclear whether T-cell activation induced the 
cytokine storm. The trigger may have been on 
another type of cell expressing CD28, as suggest-
ed by Puellmann et al., or may have involved liga-
tion of Fc receptors. Hence the macrophage acti-
vation syndrome was also considered. Since the 
neutrophil count was preserved and, as noted by 
Garcia-Bournissen et al., there was neither hepa-
tosplenomegaly nor lymphadenopathy, we thought 
that the macrophage activation syndrome as a 
separate entity should be ruled out. Our article 
was a clinical report of the unintended conse-
quences of a phase 1 trial and subsequent emer-
gency care. Laboratory investigations were limited 
to those that were of direct clinical benefit.

Anti-TNF therapy was considered. When trans-
fer to our care took place 12 to 16 hours after 
TGN1412 infusion, we decided that the TNF peak 
was likely to have passed and that downstream 
events had already been triggered. As cytokine 
data became available, showing persistently high 
TNF levels, this decision was reviewed. In our 
minds, in the setting of severe lymphopenia and 
monocytopenia of unknown duration, treatment 
with high-dose corticosteroids and anti–interleu-
kin-2 receptor antagonist antibody, and the in-
creased risk of secondary infections in the pa-
tients, the risk of anti-TNF therapy still outweighed 
its potential benefit. We would be yet more cau-

tious with a cause associated with infection, such 
as the toxic shock syndrome.

We agree with Takita et al. Plasmapheresis was 
considered, but the known pharmacokinetics of 
a low IgG4 antibody level suggested that the drug 
would be tissue-bound. We also agree that there 
may be a role for continuous venovenous hemo-
diafiltration in blunting the cytokine storm asso-
ciated with a severe systemic inflammatory re-
sponse. Furthermore, high dialysate rates3 and 
high-cutoff filters4 have previously been suggest-
ed for use in treating sepsis. Our patients received 
continuous venovenous hemodiafiltration at an 
initial dialysate rate of 1 liter per hour, which was 
subsequently raised to 4 liters per hour, using 
standard membranes. In our opinion, aggressive 
multiorgan support and early institution of high-
volume diafiltration and treatment with high-dose 
corticosteroids, combined with the phys iological 
resilience of these six young, healthy re search 
volunteers, were key to their survival.
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Ganesh Suntharalingam, F.R.C.A.
Northwick Park and St. Mark’s Hospital
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T-Cell Costimulation
To the Editor: In their Perspective article, Sharpe 
and Abbas (Sept. 7 issue)1 discuss possible expla-
nations for the adverse events associated with a 
phase 1 trial of the anti-CD28 monoclonal anti-
body TGN1412, as reported by Suntharalingam 
et al.2 Sharpe and Abbas suggest that a difference 
in affinity for CD28 between species may be im-
portant.1 However, an alternative explanation re-
lates to differences in Fc-receptor binding between 

species, which is dependent on the isotype of the 
monoclonal antibody.3 It is for this reason that 
anti-CD3 monoclonal antibodies (signal 1) have 
been engineered to reduce Fc-receptor binding. 
This process results in less cross-linking of CD3 
on the T-cell surface (through Fc-receptor binding) 
and consequently in little release of cytokines.4 
TGN1412 is a human IgG4 monoclonal antibody. 
Previous studies in nonhuman primates have dem-
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