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Use of Gene-Expression Profiles to Predict Survival
after Chemotherapy for Diffuse Large-B-Cell
Lymphoma

In a large group of diftuse large-B-cell lymphomas, DNA microarrays
identified three patterns of gene expression that were correlated with
the likelihood of survival after chemotherapy. Individual genes within
these patterns formed molecular signatures that had an even strong-
er correlation with survival after chemotherapy. The predictive power
of the molecular signatures was independent of the international
prognostic index.

DNA microarrays reflect the activity of tens of thousands of genes
in a sample of tissue. This study of the most common lymphoma in
adults focused on more than 12,000 genes expressed by lymphoid
tissue and found 17 that were strongly related to the outcome. This
work is an example of how microarray technology is leading to clin-
ically useful insights into the molecular genetics of cancer.

see page 1937 (editorial, page 1998)

Copyright © 2002 Massachusetts Medical Society.

Abnormal Subendocardial Perfusion
in Cardiac Syndrome X

Patients with cardiac syndrome X have angina and abnormal exercise-
test results but normal findings on coronary angiography. Although
myocardial ischemia has been suspected to be the cause, this has been
difficult to document. In this study, myocardial-perfusion magnetic
resonance imaging demonstrated abnormal subendocardial perfusion
during adenosine infusion in 20 patients with the syndrome.

Perfusion magnetic resonance imaging is a very sensitive technique
for the detection of myocardial ischemia. The findings are important
because they point clearly to ischemia as the cause of cardiac syn-
drome X and provide new insight into approaches to treatment.

see page 1948 (Perspective, page 1934)
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Myocardial Ischemia
and the Pains
of the Heart

ngina pectoris is usually

caused by myocardial is-

chemia due to atheroscle-
rotic narrowing of the epicardial
coronary arteries, with or without
local vasoconstriction or a super-
imposed thrombus, that limits the
supply of blood to the myocardi-
um. This leads to the stimulation
of pain receptors that trigger the
patient’s perception of anginal
symptoms (see Figure). Therefore,
when a physician cares for a patient
with chest pain whose coronary
anatomy is unknown, the main
question is whether the symptoms
are due to coronary atherosclerosis.
This question is relevant for two
reasons. First, atherosclerotic heart
disease is the chief cause of death in
Western societies. Second, the pa-
tient’s symptoms and prognosis
may be improved with drugs or re-
vascularization.

However, in up to 20 percent of
patients with anginal chest pain, the
coronary angiogram, usually ob-
tained because of “positive” find-
ings on one or more noninvasive
tests, does not show clinically signif-
icant narrowing of the vessel lumen.
In these cases, the physician must
answer several important questions
posed by the patient: Why do I have
chest pain? Do I have heart disease?
Can my condition be effectively
treated, and if so, how? Will my
problem worsen with time? Is my
life expectancy shortened?

In this issue of the Journal, Pant-
ing et al. (see pages 1948-1953) at-
tempt to answer the first two ques-
tions. The results of their study,
performed with magnetic reso-
nance imaging during infusion of
adenosine, suggest that chest pain
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Possible Mechanisms of Cardiac Pain

Mechanism in coronary artery disease

Proposed mechanism in
cardiac syndrome X

Luminal narrowing due to
atherosclerotic plaque

Compensatory vasodilatation
of coronary microvessels

Normal nociception mediated
through stimulation of pain
receptors

Another possible mechanism in
cardiac syndrome X

Normal epicardial coronary
artery

Inappropriately increased vascular

tone of coronary microvessels
leading to myocardial ischemia

Appropriate stimulation of pain
receptors

Normal epicardial coronary

in these patients is explained by is-
chemia secondary to diminished (or
absent) vasodilatation of the coro-
nary microvasculature, leading to
relative underperfusion of the sub-
endocardium (see Figure). On the
basis of these findings, one would
conclude that patients with chest
pain, abnormal electrocardiographic
changes during exercise, and nor-
mal coronary angiograms do in-
deed have a form of cardiac disease
that accounts for their symptoms.
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artery

Normal vascular tone of
coronary microvessels

Abnormally enhanced

sensitivity of myocardial pain
receptors, leading to pain without
myocardial ischemia

However, as the term used to
describe this condition (cardiac
syndrome X) conspicuously im-
plies, the evidence that myocardial
ischemia is the responsible mecha-
nism is far from conclusive. Several
previous studies of patients with
cardiac syndrome X have appeared
to demonstrate the presence of is-
chemia on the basis of abnormal
results of various tests performed
under conditions of stress. In turn,
each study was found not to be re-
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Before angioplasty

& /4

producible. Even in the study by
Panting et al., none of the patients
with cardiac syndrome X had the
perfusion defects consistent with
myocardial ischemia on thallium
scanning that were reported in
previous studies. Studies with
stress echocardiography consis-
tently demonstrated that, despite
the provocation of chest pain, pa-
tients had no impairment in con-
tractility — usually an early phe-
nomenon in the cascade of events
that follow myocardial ischemia.
Although reasonable explana-
tions for these discrepancies are
provided, certain issues remain
unresolved. For example, given
that adenosine is a vasodilator that
causes only small increases in myo-
cardial oxygen demand, why would
a lack of increase in perfusion,
without any additional form of
stress, lead to such severe ischemia
and to the severe chest pain that
the patients experienced? Is it pos-
sible that the images obtained rep-
resent true heterogeneity in trans-
mural perfusion but not necessarily
myocardial ischemia? Finally, stud-

Endothelial Function and Oxidative Stress
in Renovascular Hypertension

Renovascular hypertension activates the renin—angiotensin system,
which can increase oxidative stress and vascular endothelial dysfunc-
tion. This study examined forearm blood flow as a marker of endothe-
lial dysfunction before and after transluminal renal-artery angioplasty
in 15 affected subjects and in 15 controls. The response of forearm
blood flow to acetylcholine, an endothelium-dependent vasodilator,
was diminished in subjects with renal-artery stenosis as compared with
controls, and it improved after angioplasty. Responses to isosorbide
dinitrate, an endothelium-independent vasodilator, were similar in all
conditions in both groups. Indexes of oxidative stress such as urinary
8-hydroxy-2'-deoxyguanosine and serum malondialdehyde-modified
low-density lipoprotein decreased after angioplasty.

These findings suggest that increased oxidative stress is involved in
impaired endothelium-dependent vasodilatation in patients with re-

novascular hypertension.

ies demonstrating abnormal test re-
sults have been limited to a small
number of patients, a fact that rais-
es questions about the generaliz-
ability of the findings.

To complicate matters further,
previous studies have shown that
the typical chest pain reported by
patients with normal coronary an-
giograms can be evoked by electri-
cal stimulation of the right ventri-
cle, which clearly does not cause
myocardial ischemia. These and
other studies that have used posi-
tron-emission tomographic scan-
ning of the brain point toward an
abnormally sensitive perception of
cardiac pain in at least some of
these patients (see Figure).

What about therapy and progno-
sis? Patients with normal coronary
angiograms usually have a poor re-
sponse to conventional antiischem-
ic therapy, which may lead to the
unnecessary performance of re-
peated coronary angiography over
the years because of recurrence of
chest pain. Blocking cardiac noci-
ception with low doses of tricyclic
antidepressants may alleviate the

N Engl ] Med, Vol. 346, No. 25

see page 1954 (editorial, page 1999)

symptoms. With regard to prog-
nosis, studies have consistently
shown that these patients have a
life expectancy similar to that of the
general population, with conduc-
tion abnormalities or mild left ven-
tricular dysfunction developing in a
minority of them during follow-up.

Thus, cardiac syndrome X (i.e.,
the presence of anginal chest pain
despite angiographically normal
coronary arteries) remains an enig-
ma. The study by Panting et al. is
important because, if confirmed by
subsequent studies, it may make
possible the accurate identification
of patients who truly suffer from is-
chemia and who therefore require
closer observation and more ag-
gressive therapy. For the time be-
ing, most patients with chest pain
and normal coronary angiograms
need only appropriate risk-factor
modification and reassurance that
their symptoms are not caused by
the same disease that kills millions
of people every year.

Jurio A. Panza, M.D.

Washington Hospital Center
Washington, DC 20010
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« Dum'ng a median Fumagillin Treatment of Intestinal Microsporidiosis

1l This double-blind trial involved 12 immunocompromised patients with
f oliow-up Of chronic diarrhea and Enterocytozoon bieneusi infection. Treatment with
fumagillin (60 mg per day orally for two weeks) led to some sympto-
matic improvement and to clearance of the parasite in six of six pa-
on ly two Velapses. » tients, as compared with none of six in thc' placebo group (P=0.002).
All patients were eventually treated with fumagillin, but severe
thrombocytopenia or neutropenia developed in three patients.

10 months theve weve

There has been no effective treatment for intestinal microsporidiosis,
which is a cause of chronic diarrhea, malabsorption, and wasting in
severely immunocompromised patients. Fumagillin, which was once
used to treat malaria, is an effective treatment against this opportun-
istic parasitic infection.

see page 1963

Clinical Practice: Pleural Effusion

A 70-year-old man with an 80-pack-year history of smoking and a his-
tory of congestive heart failure presents with increasing shortness of
breath. He also has aching chest pain on the right side that worsens
with deep inspiration. He is afebrile. The chest radiograph reveals
asymmetrical bilateral pleural effusions, with more fluid on the right.
How should this patient be evaluated?

see page 1971

Coagulation Response to Heat Stroke Medical Progress: Heat Stroke

- ! Decrease in =~ Knowledge of the molecular and cellular events in heat stroke has
! g:gig:: g advanc§d steadily duripg t.h? past decadg. It ig now known that heat
} antithrombin Ill stroke is associated with injury to multiple tissues and organs as a
TissUe factor < e O g result not only of the cytotoxic effect of heat, but also of the inflam-
v v matory and coagulation responses of the patient. Altered expression
Thrombin of heat-shock proteins may also have a role in the pathogenesis of
. heat stroke. This article reviews current understanding of the patho-
Fibrin monomers : :
Clot Monocyte physiology of heat stroke and advances in therapy.
oF ’? 3 J'Rg'rmgf;‘sg see page 1978
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