
breast cancer (3). We still need drug- or regimen-specific response
predictors with clinically useful predictive accuracy (4).
Predictive markers are used as indicators of the likely benefit

of a specific treatment before it begins, without the need for
follow-up marker studies. Clinical validation of the ability of
18F-fluoroestradiol PET/CT to predict a beneficial response in
subjects and to differentiate responders from nonresponders can be
based on a single neoadjuvant endocrine therapy arm. However,
given the evidence regarding the efficacy of neoadjuvant chemo-
therapy for estrogen receptor–positive disease, a comparison of
neoadjuvant chemotherapy versus neoadjuvant endocrine therapy
is required (5). That is to say, to establish the medical utility of
18F-fluoroestradiol PET/CT as a predictive biomarker of response
to neoadjuvant endocrine therapy, a randomized clinical trial dem-
onstrating that 18F-fluoroestradiol PET/CT distinguishes a subset of
patients who benefit from neoadjuvant endocrine therapy from
those who do not would be required (6). In this study, we focused
on the ability of the functional heterogeneity of 18F-fluoroestradiol
PET/CT–determined estrogen receptor status to predict the patho-
logic response to neoadjuvant chemotherapy and neoadjuvant
endocrine therapy in randomized postmenopausal patients with es-
trogen receptor–rich breast cancer. 18F-fluoroestradiol PET/CT was
used as a stratification factor. We classified patients into groups based
on their 18F-fluoroestradiol PET/CT status and compared the two
treatments separately in the two marker groups. This approach may
be useful for demonstrating the clinical utility of 18F-fluoroestradiol
PET/CT as a predictive marker. Our study indicated that there may
be an interaction between 18F-fluoroestradiol uptake status and
treatment (7). 18F-fluoroestradiol PET/CT has potential clinical
implications in the selection of either neoadjuvant chemotherapy
or neoadjuvant endocrine therapy in postmenopausal women with
estrogen receptor–rich breast cancer.
We agree with Dr. Groheux that tumors with high 18F-fluoroestradiol

uptake may need a second 18F-fluoroestradiol PET/CT examination
during treatment or additional 18F-FDG PET/CT to improve the
ability to predict the response to neoadjuvant endocrine therapy. A
second 18F-fluoroestradiol examination as a surrogate or pharma-
codynamic marker for outcome may more accurately predict clinical
benefit from fulvestrant than baseline 18F-fluoroestradiol values;
however, this requires an additional follow-up study. It should
also be determined whether and how PET-guided response assess-
ment can be used to modify treatment. 18F-FDG uptake may be
a prognostic marker that provides information on patient outcome
regardless of neoadjuvant chemotherapy or neoadjuvant endocrine
therapy. 18F-FDG PET/CT is most likely to be therapeutically rel-
evant if it can identify patients who have a poor prognosis with
neoadjuvant endocrine therapy (6). Additional study is needed to
determine whether neoadjuvant chemotherapy alone or neoadjuvant
chemotherapy combined or administered sequentially with neoad-
juvant endocrine therapy improves outcome in patients with high
18F-FDG uptake.

REFERENCES

1. Chae SY, Kim S-B, Ahn SH, et al. A randomized feasibility study of 18F-

fluoroestradiol positron emission tomography to predict pathological response

to neoadjuvant systemic therapy in estrogen receptor-rich postmenopausal

breast cancer. J Nucl Med. September 29, 2016 [Epub ahead of print].

2. Gradishar WJ, Anderson BO, Balassanian R, et al. NCCN clinical practice guidelines

in oncology (NCCN guidelines). Breast cancer. Version 2.2016. National Comprehensive

Cancer Network website. https://www.nccn.org/professionals/physician_gls/pdf/

breast.pdf. Accessed January 31, 2017.

3. Colleoni M, Montagna E. Neoadjuvant therapy for ER-positive breast cancers.

Ann Oncol. 2012;23(suppl 10):x243–x248.

4. Kaufmann M, von Minckwitz G, Mamounas EP, et al. Recommendations from

an international consensus conference on the current status and future of

neoadjuvant systemic therapy in primary breast cancer. Ann Surg Oncol. 2012;19:

1508–1516.

5. Palmieri C, Cleator S, Kilburn LS, et al. NEOCENT: a randomised feasibility and

translational study comparing neoadjuvant endocrine therapy with chemotherapy

in ER-rich postmenopausal primary breast cancer. Breast Cancer Res Treat.

2014;148:581–590.

6. Simon R. Clinical trial designs for evaluating the medical utility of prognostic and

predictive biomarkers in oncology. Per Med. 2010;7:33–47.

7. Sargent DJ, Conley BA, Allegra C, Collette L. Clinical trial designs for

predictive marker validation in cancer treatment trials. J Clin Oncol. 2005;

23:2020–2027.

Sun Young Chae
Sung-Bae Kim
Sei Hyun Ahn

Dae Hyuk Moon*
*Asan Medical Center

88, Olympic-ro 43-gil, Songpa-gu
Seoul 05505, Republic of Korea
E-mail: dhmoon@amc.seoul.kr

Published online Dec. 8, 2016.
DOI: 10.2967/jnumed.116.185660

Neither Posttreatment PET/CT Nor Interim
PET/CT Using Deauville Criteria Predicts Outcome
in Pediatric Hodgkin Lymphoma

TO THE EDITOR: With interest we read the article by Bakhshi
et al. (1) that was recently published online ahead of print. Their
study aimed to assess the value of interim 18F-FDG PET (after
2 cycles of chemotherapy) and posttreatment 18F-FDG PET
in predicting treatment failure, event-free survival, and overall
survival. The study prospectively included 57 patients with early-
or advanced-stage Hodgkin lymphoma treated with doxorubicin,
bleomycin, vinblastine, and dacarbazine with or without addi-
tional radiation therapy. 18F-FDG PET scans were interpreted
according to both the Revised International Workgroup criteria
(2) and the Deauville criteria (3). Interim 18F-FDG PET, according
to either the Revised International Workgroup criteria or the Deau-
ville criteria, had no value in predicting event-free survival or
overall survival. End-of-treatment 18F-FDG PET, interpreted
according to the Revised International Workgroup criteria, was
positive in only 7 patients and had a sensitivity of 25% and spec-
ificity of 88% in predicting treatment failure. This group of 7
patients included 4 patients with progressive disease according
to end-of-treatment 18F-FDG PET, 3 of whom (75%) had false-
positive findings (2 biopsy-confirmed and 1 determined by follow-
up imaging), and 3 patients with partial remission according to
end-of-treatment 18F-FDG PET, all 3 of whom (100%) were con-
sidered to have false-positive findings as determined by follow-up
imaging. According to the Deauville criteria (which apply a higher
threshold to determine positivity), only 3 of 52 patients (5.8%)
were considered positive at end-of-treatment 18F-FDG PET. Two
of these 3 cases (66%) were considered false-positive. Bakhshi
et al. (1) concluded that posttreatment 18F-FDG PET using the
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Deauville criteria predicts outcome in Hodgkin lymphoma, partic-
ularly considering the high specificity of this imaging modality.
However, we strongly disagree with this conclusion. First, the

fact that posttreatment 18F-FDG PET had a sensitivity of only
25% indicates that most patients who are not cured actually
have negative posttreatment 18F-FDG PET findings. This is
due to the limited spatial resolution of PET, as a result of which
residual disease can never be excluded (4), as has been shown
by several studies (5). The diagnostic performance of a test
comprises both sensitivity and specificity. Any test with such
a low sensitivity can generate a high specificity if the threshold
to define positivity is simply raised. The combination of the
very low sensitivity and the generally good prognosis of
patients with Hodgkin lymphoma underlines that the number
of patients needed to be scanned in order to detect one case
of residual disease is actually quite high. 18F-FDG PET scans
are expensive, are not available in all institutions, provide
ionizing radiation, and cause discomfort to the patient. Fur-
thermore, according to the study of Bakhshi et al. and several
other studies (6), the false-positive rate of posttreatment 18F-FDG
PET is actually very high. This applies to both the Revised In-
ternational Workgroup criteria and the Deauville criteria, with
false-positive rates of 85.7% and 66.7%, respectively, in the
study by Bakhshi et al. (1). Awareness of this high false-positive
rate is of the utmost importance, because it may result in unjusti-
fied initiation of second-line therapies and erroneous prognostica-
tion (if biopsy confirmation of 18F-FDG–avid lesions is not
possible), lead to a high number of unnecessary conformational
biopsies, and cause unnecessary patient anxiety. The fact that an
early 18F-FDG PET–based detection of residual disease has not
been proven to improve patient outcome further nullifies the need
to acquire posttreatment 18F-FDG PET scans (7).
In conclusion, interim 18F-FDG PET fails to predict outcome in

Hodgkin lymphoma, and posttreatment 18F-FDG PET scans have
a strikingly low sensitivity for the detection of residual disease.
Furthermore, most 18F-FDG–avid lesions seen on posttreatment
18F-FDG PET scans appear to be false-positive findings. There-
fore, neither interim nor posttreatment 18F-FDG PET predicts out-
come in Hodgkin lymphoma.
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REPLY: In reply to Adams et al., we would like to state that our
study assessed the prognostic significance of interim and posttreat-
ment PET with low-dose CT (PET/CT) in pediatric Hodgkin lym-
phoma in comparison to conventional imaging (1). In a disease
with high cure rates, the purpose of evaluation with PET/CT is to
identify high-risk patients and potentially prevent overtreatment of
low-risk patients.
In our study, we found the sensitivity of posttreatment PET/CT

and contrast-enhanced CT (CECT) to be equally low; however, the
specificity of PET/CT was significantly high as compared with
CECT (76.4% vs. 95.7%). This finding was also observed in
a previously reported study by Furth et al. on pediatric Hodgkin
lymphoma (2), establishing the fact that although PET/CT may
not detect minimal residual disease, PET/CT can reasonably rule
out active disease as compared with CECT. In our study, false-
positive posttreatment findings were present in 21.8% of patients
on CECT, as compared with 3.9% of patients on PET/CT; hence,
PET/CT in effect may alleviate unnecessary patient anxiety about
the presence of residual disease in an otherwise curable disease.
In the study cited by Adams et al. (3), the metaanalysis of the

proportion of false-positive posttreatment PET/CT findings in
adults with lymphoma also showed a high false-positive rate,
23.1%; however, unlike our study, comparison with conventional
imaging was not done. In our study, if only posttreatment CECT
had been used for response assessment, 23.6% of the patients
would have required additional further evaluation with biopsy or
(if biopsy was not possible) follow-up imaging to rule out disease.
This percentage is higher than that for PET/CT; by use of the Deau-
ville criteria, 5.8% of patients were PET/CT-positive after treat-
ment. In contrast to the conclusion of Adams et al., posttreatment
PET/CT can decrease unnecessary invasive procedures and patient
anxiety when compared with CECT because of the better specificity
of PET/CT. This observation was also reported in a cost-effectiveness
analysis of posttreatment PET/CT in a study by Cerci et al. (4).
On the basis of two large studies that evaluated the role of PET/

CT in Hodgkin lymphoma using the Deauville criteria, posttreat-
ment PET/CT is more valuable in detecting primary refractory
disease than in predicting relapse (5,6). In those studies, 60% of
patients with positive interim PET/CT findings had primary re-
fractory disease at the end of treatment, suggesting that PET/CT
identified primary refractory disease (disease unresponsive to first-
line chemotherapy) better than it identified patients with minimal
residual disease who would relapse. Response to salvage chemo-
therapy and long-term outcome differ between these two scenarios
(7). This also explains the inferior survival observed in our
patients with positive PET/CT findings after treatment and under-
scores the utility of PET/CT in identifying primary refractory
disease rather than predicting relapse.
We agree that routine use of PET/CT for response evaluation

is not mandatory. However, in patients with risk factors for poor
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