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PET Prediction of Response to Trastuzumab in
ErbB2-Positive Human Xenograft Model

TO THE EDITOR: Recently, Kramer-Marek et al. (1) published
a very interesting study about the use of Affibody-based PET to mon-
itor response to trastuzumab in a human xenograft breast carcinoma
model overexpressing ErbB2. The study provides specific informa-
tion on ErbB2 receptor expression upon treatment.
We completely agree with the authors that noninvasive detection

of ErbB2 expression by novel imaging molecules such as ErbB2-
specific Affibody molecules represents an important tool for in vivo
identification of ErbB2-positive tumors and for significant infor-
mation on disease dissemination, including brain metastasis. More-
over, in patients with ErbB2-negative primary breast tumors, this
approach may enable identification of those with ErbB2-positive
metastasis and thus relevant information in considering trastuzumab
treatment.
Nevertheless, the authors’ claim that the N-[2-(4-18F-fluoro-

benzamido)ethyl]maleimide (18F-FBEM-HER2:342) Affibody (Affi-
body AB) may be used to determine whether trastuzumab treatment
induces early ErbB2 downmodulation and a consequent decrease in
efficacy of continued therapy should be carefully considered. The
significant reduction of tracer uptake in human breast carcinoma
BT474 xenografts after trastuzumab treatment could be related
more to tumor size reduction than to ErbB2 downregulation. Indeed,
although the authors observed a decrease in ErbB2 levels on the
tumor cell membrane in some trastuzumab-treatedmice, a large over-
lap of ErbB2 staining was also found between the trastuzumab-
treated and control groups, suggesting that trastuzumab-induced
ErbB2 internalization in the tumor cell is followed rapidly by
receptor reexpression, with no global changes in ErbB2 levels.
Consistent with this suggestion, a dramatic decrease of 111In-
diethylenetriaminepentaacetic acid-trastuzumab and 125I-C6.5
diabody in trastuzumab-treated MDA MB-361 (2) and SKOV3
(3) xenografts, respectively, without ErbB2 downmodulation has
been reported. Moreover, most immunohistochemical studies
performed on ErbB2-positive tumors have revealed no changes
in ErbB2 status after exposure to trastuzumab. In our pilot study
of preoperative trastuzumab as monotherapy in patients with
primary operable ErbB2-overexpressing breast tumors (4), the
weekly administration of trastuzumab for 4 wk before surgery
led to binding of ErbB2 receptors present on tumor cells but not
to a change in ErbB2 expression levels; in all patients with re-
sidual tumor, the intense staining with biotinylated trastuzumab
in the core biopsies was almost completely abrogated in the
surgical specimens, whereas no change in ErbB2-positive stain-
ing was observed using monoclonal antibody CB11 directed
against a synthetic peptide corresponding to the internal domain
of ErbB2. In addition, no changes in ErbB2 receptor status
were detected immunohistochemically in most patients with op-
erable (5) or locally advanced (6) ErbB2-positive breast cancers
after neoadjuvant exposure to trastuzumab in combination with

chemotherapy. ErbB2-overexpressing tumors described as be-
coming negative on trastuzumab treatment appear to reflect the
selection of ErbB2-negative cells rather than trastuzumab-
induced ErbB2 downmodulation, as suggested by the loss of
ErbB2 gene amplification detected by fluorescent in situ hybrid-
ization in 30%–40% of patients for whom enough residual tissue
was available at the time of surgery to reassess ErbB2 after
neoadjuvant therapy containing trastuzumab (7,8). If xenografts
in which the authors found significantly downmodulated ErbB2
expression were only those with loss of HER2 amplification and
Affibody uptake, then Affibody-based PET may actually provide
a useful strategy for monitoring tumor response to trastuzumab.
However, it should also be noted that trastuzumab-induced in-

hibition of tumor vascularization has been documented in preclin-
ical models (9), and the authors described a correlation between
18F-FBEM-HER2:342 Affibody uptake and high vessel count. Thus,
impaired Affibody localization in xenografts may be due to de-
creased vascularization rather than to loss of ErbB2 expression.
Finally, tumor shrinkage induced by trastuzumab-containing

therapy can sometimes be followed by an inflammatory reaction
that masks any decrease in neoplastic mass. In those patients,
a decrease in labeled Affibody uptake could be related to a reduced
number of tumor cells instead of reduced ErbB2 levels, a hypoth-
esis strongly supported by our recent report (10) of significant
survival benefit in ErbB2-positive metastatic patients apparently
nonresponsive on first-line trastuzumab treatment but in whom
trastuzumab treatment was continued.
Overall, and in agreement with the authors, further intensive

investigations are needed before one can conclude that this new
noninvasive PET-based method represents a valuable strategy to
evaluate changes in ErbB2 expression levels as an avenue to
predicting response to trastuzumab.
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REPLY: The work that we have recently described tested the
feasibility of the use of Affibody molecules (Affibody AB) and
PET to predict tumor response to ErbB2-targeted therapy. It is
clear that additional studies will be needed to dissect the mecha-
nistic events underlying the observed changes. Differences among
tumor cell lines could affect responses as well.
Clinical studies show that the assessment of ErbB2 level by

immunohistochemistry produces variable results among laboratories.
This variation may be due to differences in immunohistochemistry
staining techniques and scoring criteria (1). For antigen-retrieval pro-
cesses, the solution used (e.g., citrate buffer or ethylenediaminetetra-
acetic acid and their pH), the duration of heating, and antigen retrieval
may all affect detection of the ErbB2 antigen by immunohistochem-
istry (2). Different anti-ErbB2 antibodies used for immunohistochem-
istry staining have also been shown to produce different degrees of
ErbB2 staining in tumors, even in the presence of gene amplification
(3), although applying calibration may help in minimizing those dif-
ferences (4). The HercepTest (Dako) using Dako antibody was pro-
posed as the standardized immunohistochemistry method to overcome
the problem of interlaboratory variations. The scoring system uses the
intensity of ErbB2 staining as its basis, and an ErbB2-positive tumor
is defined as a tumor with greater than 10% of cells stained 31 (5).
Despite use of the HercepTest, there still was a high discrepancy
between local and central ErbB2 testing in the N9831 Intergroup
Adjuvant Trial, with a concordance of only 81.6% for a diagnostic
test for the presence of the ErbB2 protein (6). The American Society
of Clinical Oncology and College of American Pathologists recom-
mended an algorithm defining positive, equivocal, and negative values
for both ErbB2 protein expression and gene amplification. A positive
ErbB2 result from immunohistochemistry staining is defined by uni-
form, intense membrane staining of more than 30% of invasive tumor
cells instead of the original 10% (5). However, despite this new
algorithm and definition, not all laboratories have adopted this new
guideline and there still are variable results in ErbB2 testing among
laboratories. Furthermore, both the old and the new “ErbB2 counting”
definitions have problems in detecting subtle ErbB2 changes induced
by the treatment. For example, if trastuzumab decreases ErbB2 stain-
ing from 100% of the cells to 40%, both the old and the new ErbB2
definition will score pre- and post-treatment samples as “positive” and
may fail to detect ErbB2 changes after trastuzumab treatment.
After trastuzumab treatment, we found in human breast

carcinoma BT474 xenografts a significant reduction of tracer
uptake related to ErbB2 decrease rather than tumor size reduction
(7). The observable reduction in PET signals could be due to

partial-volume effect, but this possibility is rather unlikely since
the images were acquired with high contrast and in the absence of
background activity. When large enough regions are drawn around
the tumor, the partial-volume effect does not cause any loss of signal,
and the signal that is measured indicates the actual activity distribu-
tion. Moreover, for PET quantification, we deliberately chose the
value related to maximum counts per pixel within the tumor that
is least affected by partial-volume effect. Importantly, we have also
shown that tumor ErbB2 membrane staining and PET changes cor-
related with tumor volume after 5 doses of trastuzumab treatment
(7). There was a correlation between PET and immunohistochemis-
try, and the radionuclide concentrations measured with PET agreed
with the radioactivity concentrations obtained by g-counting (data
were not presented). Although there was a large overlap in ErbB2
staining between the trastuzumab-treated and control groups, we
found a significant reduction of ErbB2 downregulation after 5 doses
of trastuzumab. This finding is consistent with several cell line ex-
periments from different groups finding that trastuzumab downreg-
ulates ErbB2 receptors (8–10). After a single dose of trastuzumab, we
could clearly see the differences in ErbB2 membrane staining be-
tween control and trastuzumab-treated samples, but the intensity per-
centage scoring failed to detect these changes (7).
The dose and duration of trastuzumab will clearly affect the

amount of ErbB2 downregulation and the detection of ErbB2
changes by immunohistochemistry. In our paper, the dose of
trastuzumab was deliberately high (50 mg/kg loading dose
followed by 4 more doses of 25 mg/kg each) to ensure that
changes in receptor expression ErbB2 would be possible (7).
Reddy et al. (11) treated BT474 xenografts with a lower dose of
10 mg/kg for only 6 d. They found a decrease in PET tracer using
C6.5 diabody but could not detect any ErbB2 changes by immu-
nohistochemistry. They concluded that “The exact mechanism by
which trastuzumab treatment inhibits C6.5db binding is not yet
understood.” On the other hand, McLarty et al. (12) reported that
trastuzumab reduced ErbB2 membrane staining in SKBR3 cells
and in MDAMB361 and MDAMB361 xenograft models. In this
case, mice were treated only with 4 mg of trastuzumab per kilo-
gram for 3 d or 3 wk. At 3 d, the authors did not see ErbB2
membrane changes, but 3 wk later immunohistochemistry analysis
of tumor tissues indicated significant ErbB2 downregulation, as-
sociated with almost complete eradication of viable tumor cells.
This finding is consistent with our study as we did not see a dif-
ference in intensity percentage scoring after a single dose of
trastuzumab (7); we observed differences in ErbB2 membrane
staining after 5 doses of the drug (7). We believe that the differ-
ences seen in ErbB2 staining between Reddy et al. (11), McLarty
et al. (12), and our study (7) may be related to the dose and
duration of trastuzumab used. However, the differences may also
be related to the ErbB2 testing methods and the scoring criteria,
which could not detect subtle ErbB2 changes after trastuzumab
treatment.
Trastuzumab was used as monotherapy before surgery in

patients with primary operable ErbB2-positive breast tumors in
a pilot study by Gennari et al. (13). They observed no change
in ErbB2-positive staining using monoclonal antibody CB11 in
the trastuzumab-treated samples. However, they provided figures
from only 1 patient, as shown in their Figures 2A and 2B (13).
Although these figures suggest some changes between pre- and
posttreatment samples, the authors found no variations in the
ErbB2 status (13). Furthermore, the use of a different anti-ErbB2
antibody and different scoring criteria may also have contributed
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to failure to detect ErbB2 changes between pre- and posttreat-
ment samples.
Tagliabue et al. state in their letter that no changes in ErbB2

receptor status evaluated by immunohistochemistry were found
in most patients with operable (14) or locally advanced (15)
ErbB2-positive breast cancers after neoadjuvant exposure to
trastuzumab in combination with chemotherapy. In the neoadju-
vant study by Harris et al. (14), the ErbB2 status was based on
the HercepTest, and 4 of 18 patients had lower immunohisto-
chemistry scores. It is important to emphasize that HerceptTest
criteria (i.e., 10% of cells positive) are not sensitive in detecting
subtle ErbB2 changes induced by treatment. Therefore, it is
possible that the HerceptTest could pick up ErbB2 changes in
only a few patients because of the scoring criteria used. Mohsin
et al. (15) used the Allred scoring system for ErbB2 changes
between baseline and after 1 or 3 wk of treatment and did not see
a difference. However, this is not the standard method for ErbB2
testing and may not be able to differentiate between a weak
ErbB2 intensity present in the whole tumor mass and a high
ErbB2 intensity in just certain parts of the tumor, further under-
scoring the problems of using immunohistochemistry as the only
screening test.
Mittendorf et al. (10) reported ErbB2 gene amplification loss in

1 of 3 patients, although the protein level measured by immuno-
histochemistry was not shown. It could be interesting to correlate
gene level with protein expression. Tagliabue and colleagues ar-
gued that this loss of ErbB2 amplification is due to selection
of ErbB2-negative cells rather than trastuzumab-induced ErbB2
downmodulation. Although we agree that selection of ErbB2-negative
cells is a possibility, it is also possible that trastuzumab down-
regulates ErbB2 receptors resulting in tumor shrinkage but there
is clonal expansion of the other ErbB2-negative cells.
We did not find a correlation between the impaired Affibody

localization in xenografts and decreased vascularization. In fact,
we saw the highest vessel count in those tumors with greater
ErbB2 loss as assessed by PET although an elevated number
of vessels was found only in the group of animals showing
a dramatic decrease in 18F-FBEM-HER2:342-Affibody uptake
(PET [%ID/g] # 0.55). We confirmed that the tumor size was
not related to the average vessel count per field, and thus, we did
not simply select tumors that responded to trastuzumab because
of a better vascularization.
Regarding the comment by Tagliabue et al. citing their recent

report that “tumor shrinkage induced by trastuzumab-containing
therapy can sometimes be followed by an inflammatory reaction
that masks any decrease in neoplastic mass” (16), that report was
a retrospective study assessing the use of trastuzumab beyond pro-
gression, and therapy included a variety of additional chemotherapy
agents. ErbB2 levels were not evaluated in progressing tumors.
In summary, we agree that there have been various controversial

reports on the effect of trastuzumab on ErbB2 receptor down-
regulation in cell lines, xenograft models, and human studies.
Modeling the therapeutic activity of any antibody in human
xenografts is challenging. Their vascular system is derived from
the host. Subcutaneous transplants do not recapitulate the systemic
and metabolic effects of spontaneous cancers, and they fail to
capture the contribution of the immune system, which is saved in
syngeneic systems. Therefore, these models may not completely
mimic the response in human patients.
The particular animal model, the dose of trastuzumab, and the

duration of trastuzumab could all affect the amount of ErbB2

downregulation by trastuzumab observed in preclinical studies.
Furthermore, differences in immunohistochemistry staining tech-
niques, antibodies used, and scoring criteria could account for
differing results in the assessment of ErbB2 status by immuno-
histochemistry in both animal and human studies.
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The Value of 18F-FDG PET/CT in the Assessment
of Cardiac Malignancy Remains to Be Defined

TO THE EDITOR: We read with great interest the recent article
by Rahbar et al. titled “Differentiation of Malignant and Benign

Cardiac Tumors Using 18F-FDG PET/CT” (1). The paper is in-
teresting because diagnosis of cardiac malignancy is difficult and
poorly defined. For example, it has been estimated that in most

melanoma patients with cardiac metastases, the metastases remain
undiagnosed (2). However, several concerns in this paper need to

be discussed and clarified.
The first is that special patient preparation is required for

detecting cardiac malignancy. It is well known that 18F-FDG
uptake in the heart is highly heterogeneous. Fasting for 6 h, as

used in the study of Rahbar et al., is not enough to significantly
suppress physiologic 18F-FDG uptake of the heart and thus does
not offer the ability to differentiate malignancy from physiologic

activity (3). We personally examined the 18F-FDG PET/CT
images of 27 patients who had fasted overnight (10–14 h), and

we found that 18F-FDG uptake in the myocardium (the lateral
wall of the left ventricle) varied significantly, with maximum

standardized uptake value (SUV) ranging from 2.1 to 27.15
(mean 6 SD, 11.22 6 7.71; with 13/27 having an SUV . 10

and only 8/27 having an SUV , 5), consistent with reports in the
literature (3,4). It is likely that the difference between benign

and malignant cardiac tumors is less than the variation in myocar-
dial 18F-FDG uptake in healthy persons. To solve this problem,
a low-carbohydrate, high-fat, high-protein diet has been proposed

in addition to overnight fasting to minimize background 18F-FDG
uptake in the myocardium (2,5–7). This diet significantly reduces

but still does not allow complete suppression of myocardial 18F-
FDG uptake.
The authors performed a receiver-operating-characteristic anal-

ysis and obtained cutoff maximum SUVs of 3.5 (with a sensitivity

of 100% and specificity of 86%) and 4.6 (with a sensitivity of 94%
and specificity of 100%) with high diagnostic accuracy. The authors
did not specify for what category the sensitivity and specificity were,

and we assume that these sensitivity and specificity values were for
identifying malignant cases from a total of benign and malignant

cardiac tumor cases. However, these seemingly excellent results are
misleading and have limited clinical value. The receiver-operating-

characteristic analysis was performed on patients with known car-
diac tumors. As such, the sensitivity and specificity obtained in this

paper are applicable only to a patient population with known car-
diac tumors and cannot be applied to a general patient population

or even to patients with suspected cardiac malignancy. Because
the prevalence of cardiac malignancy is low in the general patient

population, these cutoff SUVs as described in this article would
lead to high false-positive results, although use of these criteria in
patients highly suspected of having cardiac malignancy is possible

and worth further investigation. Even in patients prepared with
a low-carbohydrate, high-fat, high-protein diet and overnight

fasting, variation in 18F-FDG uptake in the heart remains high.
For example, Williams et al. (5) reported a cardiac maximum SUV

of 3.9 6 3.6 (average 6 SD) in 60 patients, with 16 patients
(26.7%) having a maximum SUV above 4 and 3 patients (5%)

having a maximum SUV above 15. The heterogeneity of cardiac
18F-FDG uptake and the low prevalence of cardiac tumors make

the accurate detection of cardiac tumors (either benign or ma-
lignant) on 18F-FDG PET problematic. More useful would be

a receiver-operating-characteristic analysis performed on a patient
population representative of clinical practice.
Other causes of increased cardiac 18F-FDG uptake should also be

considered. For example, sarcoidosis lesions often have increased
18F-FDG uptake comparable to that of malignancy. With an esti-
mated prevalence of cardiac involvement of at least 25% (8), car-
diac sarcoidosis is probably a more common cause of increased
uptake in the heart, further complicating the interpretation of an
18F-FDG PET study of the heart. Correlation with the patient’s
history and other imaging findings will be critical for accurate di-
agnosis on 18F-FDG PET.
Finally, the authors did not clarify whether biopsy of heart lesions

was performed on all patients and whether biopsy was performed
before or after 18F-FDG PET. The authors stated that the grouping
of patients was based on “the histologic characterization of the
surgically resected cardiac tumors or tumor biopsies.” Apparently,
then, the pathologic findings were available for this analysis, which
may lead to significant bias in this study.
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REPLY: We thank Drs. Cheng and Alavi for adding and corrob-
orating interesting points of discussion. We completely agree with
the authors that the sensitivity and specificity of 18F-FDG PET
would be much lower in patients without a prior diagnosis of a car-
diac tumor by morphologic imaging. Our results are restricted
to patients with known cardiac tumors. 18F-FDG PET is certainly
not going to be the first-line procedure for excluding cardiac involve-
ment in patients with known or suspected malignancy elsewhere.
Physiologic myocardial uptake was not so great an obstacle

as suggested in the letter. It has to be kept in mind that the location
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of the tumor was known by morphologic imaging. In some cases,
regional physiologic uptake in the myocardium was observed, but
as reported, the vicinity of the tumors showed a mean myocardial
uptake of as low as 2.1 6 0.6 standardized uptake value (SUV)
(1). Peritumoral myocardial dysfunction might be discussed as an
explanation of this finding, but in the absence of further evidence
this assumption was not discussed in the article.
Nevertheless, we support the concept of a prolonged fasting

period.
Sarcoidosis is certainly a condition that may mimic malignant

disease. Patient inclusion criteria were primarily based on mor-
phologic imaging. The probability of sarcoidosis was low accord-
ing to imaging and clinical information. The differential diagnosis
was therefore no major problem in this series of patients. In that
context it has to be emphasized that sufficient results in functional
imaging can be obtained only with state-of-the-art morphologic
imaging techniques in the background.
Tumor biopsy was performed before 18F-FDG PET/CT in 3

of 24 patients: almost 2 mo before PET/CT in one of these
patients and within 1 wk in the other two. In all patients, the
tumors had a malignant histology, and the smallest tumor had
a maximum diameter of 5.6 cm. There is no evidence that in-
clusion of these 3 patients systematically affect the results of
the study.

We completely agree with Drs. Cheng and Alavi that the
proposed cutoff of 3.5 SUV cannot be applied to an unselected
population to screen for myocardial malignancy. Maximum SUV
depends on many factors such as scanner resolution, lesion size,
scan delay after injection, and the use of motion correction. The
cutoff is valid only in the technical and clinical setting described
in detail in the article. We thank Drs. Cheng and Alavi for em-
phasizing this important issue.
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Erratum

The authors of “Impact of Dynamic 18F-FDG PET on the Early Prediction of Therapy Outcome in Patients with
High-Rish Soft-Tissue Sarcomas After Neoadjuvant Chemotherapy: A Feasibility Study” (Dimitrakopoulou-Strauss
et al. J Nucl Med. 2010;51:551–558) regret that Table 2 contained some errors. The corrected table appears below.

TABLE 2
Results of Linear Discriminant Analysis with Equal Prior Probabilities Based on 18F-FDG Parameters of

First PET Study (1) or Second PET Study (2) or Combination of Both Studies

Parameter PPV NPV Sensitivity Specificity Accuracy

1: SUV 9/15 (60.00%) 7/10 (70.00%) 9/12 (75.00%) 7/13 (54.00%) 16/25 (64.00%)

1: SUV, VB, k1, k3, FD 9/11 (81.81%) 11/14 (78.57%) 9/12 (75.00%) 11/13 (84.62%) 20/25 (80.00%)

2: SUV 10/16 (62.5%) 6/8 (75.00%) 10/12 (83.33%) 6/12 (50.00%) 16/24 (66.70%)

2: SUV, influx 8/10 (80.00%) 10/14 (71.43%) 8/12 (67.00%) 10/12 (83.30%) 18/24 (75.00%)
2: FD, k4 9/11 (81.81%) 10/13 (76.92%) 9/12 (75.00%) 10/12 (83.30%) 19/24 (79.20%)

1 + 2: SUV 9/14 (64.30%) 7/10 (70.00%) 9/12 (75.00%) 7/12 (58.33%) 16/24 (66.70%)

1 + 2: SUV, influx 11/14 (78.60%) 9/10 (90.00%) 11/12 (91.67%) 9/12 (75.00%) 20/24 (83.33%)
% change SUVmax 8/14 (57.14%) 6/10 (60.00%) 8/12 (66.67%) 6/12 (50.00%) 14/24 (58.33%)

Groups were defined according to histologic classification of 10% variable tumor tissue.
PPV = positive predictive value; NPV = negative predictive value.
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