
This issue has ramifications
for patient safety. For example, our
third patient presented to the
emergency department with epi-
gastric abdominal pain. After the
spurious ethanol was reported, a
presumptive diagnosis of alcoholic
gastritis was made, and the diagno-
sis of acetaminophen toxicity and
therapy with N-acetylcysteine was
substantially delayed.

Until the manufacturer can
address this issue, we have imple-
mented a policy requiring alanine
aminotransferase (ALT) to be
measured in all patients with etha-
nol concentrations �5 mmol/L.
Out of concern that hepatocellular
necrosis may have cause spurious
ethanol elevation, when the ALT
is �500 U/L, we refer the specimen
to another local hospital for etha-
nol analysis using their Dade
Behring RXL MAX to get a rapid
preliminary confirmation and by
gas chromatography (GC) for a fi-
nal confirmation. Our experience
serves as a reminder that laborato-
ries should inquire how the manu-
facturers of their ethanol assays
have addressed the issue of dehy-
drogenase interference.
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Rapid Detection of Intact
FGF-23 in Tumor Tissue from
Patients with Oncogenic
Osteomalacia

To the Editor:

Oncogenic osteomalacia (OOM)1

is a rare tumor-induced disease
characterized by hypophosphate-
mia due to a decreased renal
threshold of phosphate reabsorp-
tion, low 1,25-dihydroxyvitamin
D concentrations, and osteomala-

cia (1 ). Determining the location
of OOM tumors, which often
produce excess amounts of the
phosphaturic hormone fibroblast
growth factor-23 (FGF-23), can be
difficult, and confirmation of suc-
cessful tumor removal may require
prolonged postoperative observa-
tion until the return of serum in-
dicators to reference-interval con-
centrations (2 ). Here, we report
the modification of a commercially
available intact FGF-23 assay (3 ),
which enabled us to rapidly docu-
ment high FGF-23 content in OOM
tumor extracts. The assay takes
�30 min to complete, and visual
inspection of the test plate is suffi-
cient to distinguish positive from
negative samples, therefore allow-
ing fast intraoperative assessment
of FGF-23 content in OOM tumor
extracts.

Tumor tissue from 6 patients
with OOM was used in this study.
Tumor 1 tissue was from a 63-year-
old woman with biochemical ab-
normalities characteristic of OOM.
Ten years before the current study,
this patient underwent resection of
a small mesenchymal tumor in the
maxilla, and thereafter her blood
and urine chemistry indicators re-
turned to reference intervals. The
patient again developed hypophos-
phatemia, however, and under-
went a second operation. During
this procedure, tissue from the re-
grown tumor was obtained for this
study. We also obtained tissue
from 5 tumors that have previously
been described (4 ): tumor 2 from
the mandible (mixed connective
tissue tumor), tumor 3 from the
thigh (angiodysplastic tumor), tu-
mor 4 from the nose (hemangio-
pericytoma), tumor 5 from the
thigh (hemangiopericytoma), and
tumor 6 from the foot (hemangio-
pericytoma). All tumors had been
immediately frozen after surgical
removal and stored at �80° C. In
healthy individuals, FGF-23 is pre-
dominantly produced by bone,
and therefore bone was chosen as a

1 Nonstandard abbreviations: OOM, oncogenic os-
teomalacia; FGF-23, fibroblast growth factor-23.
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control tissue; in addition, tissue
was obtained from an ovarian can-
cer tumor. The Partners Human
Research Committee approved the
use of discarded human tissue.

Small amounts of tissue (32–
160 mg per tumor; Table 1) were
removed from the frozen tumors
and placed into 800 �L of ice-cold
0.9% NaCl containing protease in-
hibitors (Sigma protease inhibitor
cocktail P2714, 1 �L/10 mg tissue).
Tissue was crushed by hand using a
pestle. In a tabletop centrifuge (Ep-
pendorf centrifuge 5415C), sam-
ples were spun at room tempera-
ture for 1 min at 16 000g in
microfuge tubes, and FGF-23 was
measured in the supernatants. Ex-
tracts from the 2 control tissues
and from each of the 6 tumors were
measured using 2 variations of an

assay for intact human FGF-23
(Immutopics) (3 ). The capture an-
tibody was coated onto a 96-well
plate, and the detection antibody
was conjugated with horseradish
peroxidase. The regular assay with
an upper calibrator of 400 ng/L
takes about 4 h to complete, and
dilutions of tumor extract with 0
ng/L calibrator were required to
yield results within the calibration
curve. For the rapid assay, 3 cali-
brators (0, 120, and 400 ng/L) or
undiluted tumor extracts were in-
cubated with the 2 FGF-23–spe-
cific antibodies for 10 min (instead
of the 3-h period used in the regu-
lar assay) on a rocking platform at
room temperature. After rinsing,
incubation with the horseradish
peroxidase substrate was per-
formed for 10 min (instead of 30

min), the plate was visually in-
spected, and photographs were
taken. The absorbance at 450 nm
was measured by a spectropho-
tometer after the addition of 50 �L
of 1 mol/L sulfuric acid. When
measured by regular protocol,
OOM tumor extracts had intact
FGF-23 concentrations of 3609 to
11 187 ng/L, whereas concentra-
tions in extracts from bone and
ovarian tumor were much lower
(Table 1). The modified rapid
FGF-23 assay revealed in all undi-
luted tumor extracts an intense sig-
nal visible to the naked eye. The
highest concentration calibrator
(400 ng/L) and extract from bone
tissue showed only small visible
signals, whereas extracts from the
ovarian cancer tumor and from the
0 and 120 ng/L calibrators were in-

Table 1. Results of FGF-23 measurements for 2 control tissues (ovarian cancer and normal bone) and 6 OOM
tumors.a

Tissue
Tissue used

for extraction, mg

Standard assay:
intact FGF-23

concentration in
800 �L extract, ng/L

Rapid assay:
photographs of

test plate
Rapid assay:

absorbance (450 nm)

Calibrator, 0 ng/L 0.089

Calibrator, 120 ng/L 0.135

Calibrator, 400 ng/L 0.211

Bone 160 304 0.203

Tumor 1 32 5639 0.528

Tumor 2 38 11 187 1.188

Tumor 3 59 3609 0.547

Tumor 4 50 4620 0.767

Tumor 5 138 4696 0.652

Tumor 6 86 1446 0.508

Ovarian cancer 92 46 0.166

a Photographs show the test plate of the rapid FGF-23 assay before adding sulfuric acid as well as mean absorbance for duplicate wells in the rapid assay after
adding sulfuric acid. The OOM tumor extracts showed, compared to extracts from control tissues or calibrators, readily visible differences in color intensity before
and after adding sulfuric acid; however, the yellow color after adding sulfuric acid was difficult to capture photographically and is therefore not shown.
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distinguishable. When measured
by spectrophotometer, readings
for all samples were higher than
those for the 0 ng/L calibrator;
OOM extracts provided signals
that were well above those of the
400 ng/L calibrator.

In summary, simple aqueous
extracts from small portions of 6
different OOM-associated tumors
revealed very high FGF-23 concen-
trations as assessed by the calibra-
tor assay; FGF-23 concentrations
were also readily detectable by a
modified rapid test that takes �30
min to complete. Like intraopera-
tive parathyroid hormone assays
(5 ), this rapid assay could be per-
formed in or near the operating
room, especially because visual in-
spection of the test plate was suffi-
cient to detect FGF-23 in all 6 tu-
mors tested. The assay may
furthermore help define, intraop-
eratively, the disease-free margins
of tumors located in areas that are
difficult to access surgically.
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More Studies on Outcomes
Using Biochemical Diagnostic
Tests Are Needed: Findings
from the Danish Society of
Clinical Biochemistry

To the Editor:

The results of biochemical tests of-
ten lead to diagnostic and thera-
peutic interventions, and the real
value of a test can be assessed only
by taking into account the subse-
quent health outcomes. The im-
portance of outcomes studies, and
the challenges in performing them,
was reviewed by Bruns in 2001 (1 ),
who argued that this type of study
should be performed more fre-
quently, and that such studies

should be used to determine
whether new tests should be imple-
mented in clinical practice.

To investigate the extent to
which this recommendation has
been realized, a working group on
evidence-based clinical biochemis-
try established by the Danish Soci-
ety of Clinical Biochemistry under-
took a pilot study to record the
number and type of reports of
diagnostic biochemical outcome
studies published from January
2005 to January 2006 in 4 medical
journals: Clinical Chemistry, Clini-
cal Chemistry and Laboratory Med-
icine, Lancet and the New England
Journal of Medicine. To be included
as an outcome study, the reported
study had to be designed to inves-
tigate outcomes in relation to a
clinical or an economical variable
of a well-defined clinical applica-
tion of a biochemical test.

To identify reports of out-
come studies, 2 authors manually
went through reports published in
each of the journals within a 12-
month period. Detailed informa-
tion on original full-length reports
considered diagnostic biochemical
outcome studies was registered to-
gether with the total number of
original articles. Technical Briefs,
Letters, Short Communications,
Editorials, and Reviews were not
included. When there were dis-
crepancies in report selection by
the 2 authors scrutinizing the same
journal issues, a consensus deci-
sion was made in the entire author
group. Selected outcomes reports
were classified as investigating (A)
direct clinical mortality or morbid-
ity; (B) other clinical variables such
as length of hospital stay, readmis-
sion rate, or satisfaction with care;
or (C) economic outcomes.

A total of 829 original articles
were registered, of which only 7
studies (0.8%) were classified as
diagnostic biochemical outcome
studies (Table 1). Six (of 231) of
these original articles were pub-
lished in the New England Journal
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