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Although endocrine therapy is an effective method to treat
estrogen receptor (ER)-positive breast cancer, approximately
30%-40% of all hormone receptor—positive tumors display de
novo resistance. The aim of our current study was to analyze
whether '8F-labeled fluoromisonidazole (1-(2-nitro-1-imida-
zolyl)-2-hydroxy-3-fluoropropane ['8F-FMISO]) PET/CT could
predict primary resistance to hormonal therapy in ER-positive
breast cancer. Methods: Postmenopausal women who had
ER-a-positive breast cancer, stages II-IV, and had never re-
ceived prior endocrine therapy were prospectively enrolled in
this study. Patients underwent both '8F-FDG and '8F-FMISO
PET/CT scans before and after treatment. The hottest '8F-
FDG standardized uptake value (SUV) in the tumor foci, the
SUVs at 2 and 4 h, and the TBR2 h and TBR4 h for the target
lesions were calculated (TBR2 h = SUV2 h{/SUV2 hg and TBR4
h = SUV4 hy/SUV4 hg [TBR is the tumor-to-background ratio]).
Clinical outcomes of primary endocrine therapy with letrozole
were evaluated according to the criteria of the World Health
Organization after at least 3 mo of treatment. Immunohisto-
chemistry for markers of proliferation (Ki67) and hypoxia-in-
duced factor 1a was performed on a subset of tumors that
had undergone biopsy or surgery. Pearson and Spearman anal-
ysis was used to determine the correlation between the param-
eters of '8F-FDG and '8F-FMISO uptake and clinical or
immunohistochemistry outcomes with a 0.01 threshold for sta-
tistical significance. Results: A total of 45 lesions (13 primary,
32 metastatic) from 20 patients met the inclusion criteria in this
study. Baseline '8F-FDG and '8F-FMISO PET/CT scans were
obtained for 33 lesions from 16 patients. The correlation be-
tween baseline '"8F-FDG uptake and clinical outcome was weak
and did not reach statistical significance (r = 0.37, P = 0.031).
However, there was a significantly positive correlation between
baseline 8F-FMISO uptake (SUV2 hy, TBR2 h, SUV4 hy, and
TBR4 h) and clinical outcomes after =3 mo of primary endo-
crine therapy with letrozole (r = 0.77, 0.76, 0.71, and 0.78, re-
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spectively; P < 0.0001). The application of a TBR4 h cutoff of
=1.2 allowed the prediction of 88% of the cases of progressive
disease (15/17). Despite poor correlation between 8F-FMISO
uptake and hypoxia-induced factor 1a expression, a marginal
positive correlation between TBR4 h and Ki67 expression was
measured (r = 0.51, P = 0.011) in a subset of malignant lesions
acquired by biopsy or surgery. Conclusion: '8F-FMISO PET/CT
can be used to predict primary endocrine resistance in ER-pos-
itive breast cancer.
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Approximately 70% of breast carcinomas are hormone-
dependent and overexpress hormone receptors, such as estro-
gen receptor (ER)-a. As a result, endocrine therapy has
emerged as an important tool to treat ER-positive breast can-
cer. New-generation hormonal therapy (e.g., third-generation
aromatase inhibitors) has performed better than traditional
antiestrogen therapy (i.e., tamoxifen) in both early-stage
and advanced breast cancer in postmenopausal women (7).
However, approximately 30% of ER-positive breast cancer
will unfortunately display primary resistance to hormonal
therapy (2), and some may develop acquired resistance to
the therapy after initial treatment (/).

Hypoxia is a normal phenomenon in solid tumors that
arises, in part, from uncontrolled proliferation and imma-
ture blood vessels (3). Previous studies have demonstrated
that hypoxia and its biomarker, hypoxia-induced factor
(HIF), are strongly associated with tumor propagation, ma-
lignant progression, and resistance to anticancer treatments,
such as radiotherapy (4-6). Kurebayashi et al. (7) first
reported that hypoxia significantly reduced both the
growth-promoting effects of estradiol (E2) and the
growth-inhibitory effects of an antiestrogen on ER-positive
breast cancer cell lines. Cooper et al. (8) observed that re-
gional loss of ER-a expression was consistently present in
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hypoxic regions of breast cancer tissue. A recent study
comparing neoadjuvant letrozole with letrozole plus metro-
nomic cyclophosphamide found that increased levels of
HIF-1a (Novus Biologicals) were significantly associated
with resistance to treatment (9,/0). Taken together, these
data indicate that hypoxia might be associated with endo-
crine resistance in breast cancer.

In 1991, the gold standard—an O,-sensitive electrode—
was first used to measure breast tumors, and 40% of the
tumors investigated contained hypoxic areas (/7). Unfortu-
nately, this method is invasive, indirect, and overall too re-
stricted to become a tool for general clinical practice. With
PET/CT, radiolabeled hypoxia-avid compounds can be
applied to evaluate oxygenation status in experimental or
human tumors. 18F-labeled fluoromisonidazole (1-[2-nitro-
1-imidazolyl]-2-hydroxy-3-fluoropropane ['®F-FMISO]) is
the most widely used nitroimidazole derivative in clinical
PET/CT. Because '8F-FMISO has affinity only for hypoxic
cells with functional nitroreductase enzymes, '8F-FMISO
accumulates in activated cells but not in necrotic cells (/2).
In vivo animal model studies have shown that intracellular
retention of '8F-FMISO depends on oxygen concentration,
and the rate of '8F-FMISO binding under hypoxic conditions
can be up to 28 times greater than binding under normoxic
conditions (/3). Many clinical studies have demonstrated an
excellent correlation between the '8F-FMISO uptake and ox-
ygenation status of gliomas, non—small cell lung cancer, head
and neck cancer, and cervical cancer (14-20).

The major aim of our study was to analyze uptake of '8F-
FMISO in ER-positive breast cancers, which are usually
treated with endocrine therapy, and to predict primary endo-
crine resistance according to baseline '8F-FMISO PET/CT
scans in breast cancer.

MATERIALS AND METHODS

Patients and Treatment

Postmenopausal women (mean age, 65.1 y; age range, 55-82 y)
who had ER-a—positive breast cancer at stages II-IV and had
never received prior endocrine therapy were considered eligible
for this study. Patients were assigned to primary aromatase inhib-
itor treatment with letrozole (Femara; Novartis Pharmaceuticals
Corp.), at 2.5 mg daily for at least 3 mo. Primary sites within the
breast were assessed by ultrasound or MRI, and distant metastases
were assessed by CT. Tumor response was evaluated according to
the criteria of the World Health Organization (27). This prospec-
tive study was approved by the local ethics committee. Written
informed consent was obtained from each candidate patient.

PET/CT Scans

PET/CT Protocol. The baseline '8F-FDG/!'8F-FMISO PET/CT
scans were scheduled before initiation of endocrine therapy. The
follow-up '8F-FDG/!'8F-FMISO PET/CT scans were scheduled at
least 3 mo later, just after the clinical evaluation for the tumor
response to primary endocrine therapy. All PET/CT scans were
obtained on a Biograph 16HR PET/CT (Siemens) operating in
3-dimensional, high-resolution mode. All emission images were
reconstructed with a gaussian-filter iterative reconstruction method
(iterations, 4; subsets, 8; image size, 168; filter, full width at half
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maximum, 5 mm) after corrections for scatter, singles, and random
events, resulting in a spatial resolution of approximately 5 mm. The
tomograph is regularly calibrated to convert counts per minute per
pixel to megabecquerels per milliliter using large vials containing
known activities of '8F imaged separately from the patient and
reconstructed using the same filter as the emission images.
18F-FMISO Static PET/CT Scan. '®F-FMISO was produced by
a cyclotron (RDS Eclips ST; Siemens CTI) and an Explora
FDG4 (Siemens) module using 1-(2’-nitro-1’-imidazolyl)-2-O-
tetrahydropyranyl-3-O-tosyl-propanediol as a labeling precursor.
I8E-FMISO PET/CT scans were acquired 2 or 3 d after the initial
IBE.FDG PET/CT scan. All patients were injected intravenously
with 370 MBq of '8F-FMISO. At 2 and 4 h after injection, static
emission scans were obtained. The data acquisition procedure was
as follows: CT was first performed with 120 kV, CARE Dose
(Siemens) 4-dimensional mode, 80-250 mA, and a pitch of 3.6.
Immediately after CT, a PET emission scan that covered the iden-
tical transverse field of view was obtained. The acquisition time
was 5 min per table position. PET scans were processed using
iterative reconstruction and measured attenuation correction.

I8F.-FDG PET/CT Whole-Body Scan. '®F-FDG was produced
automatically by a cyclotron (RDS Eclips ST; Siemens) and an
Explora FDG4 module (Siemens) in our center. All patients were
required to fast for at least 6 h to ensure glucose blood levels
below 10 mmol/L. Before and after injection, patients were kept
lying comfortably in a quiet, dimly lit room. Scanning was initi-
ated 1 h after administration of the tracer (7.4 MBq/kg). The data
acquisition procedure was as follows: CT was first performed,
from the proximal thighs to head, with 120 kV, CARE Dose 4-
dimensional mode, 80-250 mA, and a pitch of 3.6. Immediately
after CT, a PET emission scan that covered the identical transverse
field of view was obtained. The acquisition time was 2-3 min per
table position. PET image datasets were reconstructed iteratively
by application of the CT data for attenuation correction, and cor-
egistered images were displayed on a workstation.

Image Analysis. Several lesions were evaluated, including
primary lesions within the breast, regional lymph node metastases,
local recurrences, and lung and pleura metastases. ®F-FDG/!8F-
FMISO datasets were reconstructed using the attenuation maps
provided by the low-dose CT dataset measured immediately be-
fore '8F-FDG/'8F-FMISO image acquisition at the same scanner.
All images were analyzed on a clinical Leonardo workstation with
TrueD software. All PET/CT acquisitions from a given !3F-
FDG/'8F-FMISO sequence were coregistered with automatic
methods using the '®F-FDG PET/CT scans as a reference. An
elliptic volume of interest (VOI) was drawn manually around
areas with abnormal '8F-FDG uptake to calculate SUV ey (the
hottest spot in the tumor foci). Finally, 40% of the maximum
SUVpcak threshold was applied to delineate VOL4o, which was then
pasted onto the '8F-FMISO PET/CT images to measure SUV e,k
for 8F-FMISO uptake. When a significant activity could not be
visually distinguished by an experienced nuclear medicine physi-
cian, the SUV ., was calculated in the VOI,o drawn on the initial
PET/CT scan. This occurred when no '3F-FMISO uptake was
visible in a VOI,y. When the initial '8F-FDG hypermetabolism
disappeared on the PET/CT acquisition, the VOI,, at initial data
was copied onto the images at follow-up. The peak values in 8F-
FMISO PET/CT images at 2 and 4 h were noted as SUV2 hr and
SUV4 hr. Additionally, six 0.5 X 0.5 x 0.5 cm small spheres
(background) were located at the triceps brachii muscles, the scap-
ula muscles, and the latissimus dorsi muscles both in the homon-
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ymy and in the opposite side. The mean value of 6 background
VOI peaks was noted as SUV2 hg, TBR2 h = SUV2 h/SUV2 hg,
and TBR4 h = SUV4 hy/SUV4 hg (TBR is the tumor-to-back-
ground ratio).

Outcome

PD
PD
PD
PD
PD
PD

Tissue Specimens and Immunohistochemistry

Each patient underwent diagnostic core-needle biopsy on the
primary site at baseline. A therapeutic surgery (quadrantectomy or
mastectomy in association with sentinel node biopsy or axillary
node dissection) or a second core-needle biopsy on the primary
site was planned in a subset of patients after at least 3 mo of
primary letrozole therapy. Both biopsy and surgical samples of
primary tumors were routinely embedded in paraffin wax and cut
to 3- to 5-pm thickness and dried overnight at 37°C for immu-
nohistochemistry testing. Immunohistochemistry staining for
HIF-1ae (Novus Biologicals) was performed on 3- to 5-um serial
sections on coated slides. After the slides were dried at 80°C
overnight, they were dewaxed in xylene (10 min, 3 times) and
rehydrated using graded alcohol. Antigens were retrieved by cook-
ing in Tris (pH 6.0). The mouse monoclonal antibody H1a67 (at
a dilution of 1:100 in tris-buffered saline with 10% normal bovine
serum) was used to assess the expression of HIF-1a and incubated
overnight at 4°C. Next, an hour-long incubation with a Supervision
Universal (antimouse—antirabbit) Detection Reagent (Dako) (horse-
radish peroxidase) was performed. Slides were then stained with
3,3'-diaminobenzidine chromogen solution for 10 min and then
counterstained with hematoxylin and mounted with Aquamount.
Immunohistochemistry staining for Ki67 was performed on an au-
tomated immunohistochemistry stainer at room temperature.
Known positive and negative controls (obtained by omission of
primary antibodies) were used to ensure quality control of staining.

All immunohistochemistry slides were examined by light
microscopy by 2 observers masked to patient outcome. The
HIF-1a level was assessed within the entire tumor section with
a semiquantitative scale that combined proportional expression
(scored as 0, no expression; 1, <10%; 2, 10%-50%; 3, 50%—
80%; and 4, >80% of cells showing nuclear staining) and staining
intensity(scored as 0, none; 1, weak; 2, intermediate; and 3,
strong) to obtain an a total immunohistochemistry score from
0 to 7 (22). Ki-67 was scored as the percentage of positively
stained cells among 1,000 malignant cells.

TBR2h TBR4 h
1.04 1.98
0.94 0.98
1.14 1.40
1.0 1.11
1.0 1.31
1.86 1.61

Follow-up

SUVFDG
peak
9.58
6.74
8.20
12.90

13.35
8.40

Ki67 HIF-1«
(%) score
85

5

TBR4 h

(Continued)
TBR2 h

TABLE 1
Baseline
SUVFDGpeak

HIF-1a
score

Kie7
(%)

Statistical Analysis

Data were analyzed using SPSS software (version 17.0; SPSS—
IBM). We tested the hypothesis that '®F-FDG and '8F-FMISO up-
take in breast tumors was correlated with response to primary
endocrine therapy. The Pearson correlation coefficient was com-
puted to determine the correlation among the hottest spot in the
tumor foci (SUVepgpeak)» SUV2 hy, SUV4 hy, TBR2 h, and TBR4
h. Spearman rank correlation was used to determine the correlation
among 3 groups (complete and partial responders [PRs], stable
disease, and progressive disease [PD]) and 'F-FDG/'®F-FMISO
uptake with a 0.01 threshold for statistical significance. The optimal
cutoff value was selected according to PD and PR. Other tests were
performed to answer the question of whether '8F-FDG or !8F-
FMISO uptake correlates with expression of either HIF-1a or Ki67.

PR
++
++

EP
+++
+++

Diagnoses
M1
M2
M3
M1
M2
M3

Age
)
77
59

RESULTS

Forty-five lesions (13 primary, 32 metastasis) from 20
patients met the inclusion criteria of the study, including 13
primary sites of breast cancer, 20 regional lymph node

Patient
no

19
20
+++ = strong positive; ++ = intermediate positive; — = negative; + = weak positive; M = metastasis.
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metastases, 8 local recurrences, and 4 lung and pleura
metastases.

18F-FDG/'8F-FMISO Uptake in Primary and
Metastatic Lesions

Twenty lesions from 11 patients (patients 1-11) underwent
both baseline and follow-up '8F-FDG/'8F-FMISO PET/CT
scans. Thirteen lesions from 5 patients (patients 12—16) un-
derwent baseline scans only, and the remaining 12 lesions
from 4 patients (patients 17-20) underwent follow-up scans
only. Therefore, 65 PET/CT scans for 45 lesions were eligible
for analysis (Table 1). The SUVepgpeax Of these sixty-five '8F-
FDG PET/CT scans ranged from 0.90 to 13.49 (mean, 6.40 *
3.44). For '8F-FMISO PET/CT scans, SUV2 hr ranged from
0.48 to 4.76 (mean, 1.85 = 0.69); SUV4 ht ranged from 0.48
to 3.52 (mean, 1.80 = 0.67), TBR2 h ranged from 0.27 to 3.07
(mean, 1.15 %= 0.45), and TBR4 h ranged from 0.21 to 2.29
(mean, 1.22 *+ 0.45). There were weaker correlations for
SUVEpGpeak Versus SUV4 hy (r = 0.46) and SUVepgpeak
versus TBR4 h (r = 0.44). However, strong correlations were
found for SUV2 ht versus SUV4 hy, TBR2 h versus TBR4 h,
SUV2 hy versus TBR4 h, and SUV4 ht versus TBR4 h (r =
0.77, 0.79, 0.79, and 0.94, respectively; P << 0.0001 for all).
SUVEpGpeaks TBR2 h, and TBR4 h were all greater for met-
astatic lesions than for primary lesions, and the differences
were significant (t = 4.51, 3.49, and 3.23, respectively, P <
0.01 for all).

Predictive Value of 8F-FDG/'8F-FMISO

In the current study, baseline '3F-FMISO PET/CT
scans were performed on 33 lesions from 16 patients
(Table 1, patients 1-16). After more than 3 mo of treatment
with letrozole, 0 lesions were considered complete res-
ponders, 11 were PRs, 5 were stable disease, and 17 were
PD (Figs. 1 and 2).The correlation between SUVgpgpeak
and clinical outcome was weak and did not reach statis-
tical significance (r = 0.37, P = 0.031). However, there
was a significantly positive correlation between baseline
IBF_.FMISO uptake (SUV2 hy, TBR2 h, SUV4 hy, and
TBR4 h) and clinical outcome (r = 0.77, 0.76, 0.71,
and 0.78, respectively; P < 0.0001). Application of a cut-
off of TBR4 h = 1.2 allowed prediction of 88% of PDs
(15/17), whereas cutoffs of TBR2 h = 1.2, SUV2 hy =
2.1, and SUV4 ht = 2.1 identified 70% (12/17), 64% (11/
17), and 64% (11/17) of PDs, respectively. However,
SUVEpGpeak could not predict PD or PRs because a clear
cutoff could not be defined (Figs. 3A-3C). After at least 3
mo of follow-up, 20 of 33 lesions underwent an additional
I8F_.FMISO PET/CT scan. Comparing TBR4 h at baseline
and at follow-up indicated that TBR4 h in PRs and stable
disease shows a decreasing trend; in contrast, TBR4 h in
PD did not follow this same trend (Fig. 3D).

Relationship Between '8F-FDG/'8F-FMISO Uptake
and HIF-1« and Ki67

As shown in Table 1, HIF-1a and Ki67 expression were
detected by immunohistochemistry in 14 and 22 samples,

ISE_.FMISO PET/CT anD ENDOCRINE RESISTANCE  ®

FIGURE 1. Metastatic right axillary node in patient 8. Metastatic
lesion (23 x 17 mm) showed high '8F-FMISO uptake at baseline
(red arrow) (TBR4 h = 2.29). After more than 3 mo of treatment with
letrozol, metastatic lesion progressed (30 x 20 mm) and still revealed
high 18F-FMISO uptake (yellow arrow) (TBR4 h = 2.15). (A) CT image
in baseline. (B) CT image in follow-up. (C) PET image in baseline. (D)
PET image in follow-up. (E) Maximum-intensity-projection image in
baseline. (F) Maximume-intensity-projection image in follow-up.

respectively. No correlation was found between '8F-
FDG/'8F-FMISO uptake and HIF-la expression (r =
0.01 and 0.34, respectively; P = 0.81 and 0.62, respec-
tively). Ki67 did not correlate with SUVgpgpear, SUV2
ht, or TBR2 h (r = 0.23, 0.28, and 0.25, respectively;
and P = 0.27, 0.19, and 0.23, respectively). There was
a marginal correlation between Ki67 expression and
TBR4 h (r = 0.51, P = 0.011).

DISCUSSION

Endocrine therapy is suitable for both primary and
recurrent/metastatic hormone receptor (ER)—positive breast

FIGURE 2. Right breast tumor in patient 4. Primary lesion (19 x 18
mm) did not show decreased '8F-FMISO uptake at baseline (green
arrow) (TBR4 h = 1.05). After more than 3 mo of treatment with
letrozole, primary lesion lessened (11 x 10 mm) and still had no
decreased '8F-FMISO uptake (blue arrow) (TBR4 h = 0.84). (A) CT
image in baseline. (B) CT image in follow-up. (C) PET image in
baseline. (D) PET image in follow-up.
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FIGURE 3. Application of cutoff TBR4 h of =
1.2 allowed prediction of 88% (15/17) PDs and
all PRs (C) Although using SUV4hT = 2.1 could
identify 64% (11/17) of PDs and all PRs (B),
SUVFDGpeak could not predict PDs and PRs
because clear cutoff could not be defined (A).
When TBR4 h in baseline and follow-up were
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compared, TBR4 h in stable disease and PRs
showed downtrend, whereas TBR4 h in PDs
did not (D). SD = stable disease.

0.00 0.50

0.00
1.00

TBR4h=12

1.50

Baseline Follow-up

cancer. Unfortunately, however, not all women respond to
treatment. The preoperative endocrine prognostic index is
a comprehensive evaluation score based on multiple param-
eters, including histopathologic tumor size after 3—4 mo of
primary endocrine therapy, nodal status, ER levels, and
Ki67 levels. The index can be used as a tool for individu-
alization of primary endocrine therapy (23). Unfortunately,
according to the preoperative endocrine prognostic index,
approximately 30%—40% of patients with primary resis-
tance to hormonal therapy receive unnecessary treatment.
As a result, their conditions may even worsen. It has been
reported that Ki67 levels measured after a short term (2 wk)
of neoadjuvant endocrine therapy can predict long-term
outcome for individual patients (24), and the same may
be true for pretreatment HIF-1a levels (9,10). However, it
is difficult to obtain biopsies of metastatic lesions in patients
with advanced breast cancer. Thus, it is urgent and valuable
to find a noninvasive means with the same efficacy as histo-
pathologic marker analysis to predict primary hormonal ther-
apy resistance. Our study revealed that '3F-FMISO PET/CT
is a highly effective method that can accurately predict the
clinical efficacy of primary endocrine therapy and has a mar-
ginal positive correlation with Ki67 levels.

For over a decade, !8F-FMISO has been used as a PET
tracer for hypoxia imaging of several solid tumors, includ-
ing non—small cell lung cancer (NSCLC), head and neck
cancer, soft-tissue sarcomas, and renal cell carcinoma. To
our knowledge, no study has examined the role of !8F-
FMISO PET/CT in predicting endocrine resistance in breast
cancer. Therefore, no previous studies could provide opti-
mal parameters and cutoffs. Here, we found that TBR4 h is
an optimal parameter to assess the degree of hypoxia; im-
portantly, this finding agrees with earlier reports (25,26).
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The tumor VOI was delineated using '8F-FDG image data
in 3-dimensional mode with TrueD software to obtain
the SUVgpgpeak—the hottest spot in the tumor. The back
muscle was chosen as reference in both homonymy and
opposite side because the distribution and drainage of tracer
in homonymy muscles may be affected after surgery and
radiotherapy. As a result, we drew 6 background VOIs to
obtain the average background VOI, which was more rep-
resentative and close to real for analysis. Each tumor may
have its own cutoff threshold because blood supply, loca-
tion, and extent of necrosis vary from tumor to tumor. For
example, 1.2 is a cutoff value for head and neck cancer
and soft-tissue sarcomas (/8,27,28), 1.24 is a cutoff value
for nasopharyngeal carcinoma (29), and 1.4 is the cutoff
for NSCLC because the unique structure of the lung paren-
chyma, including its dual blood supply and abundant
oxygen-containing air space, may play a role in NSCLC’s
being less hypoxic than other tumor types (30,31). In
our study, 16 patients with 33 lesions underwent hypoxia
detection at baseline, which was then used to predict endo-
crine therapy outcome. We determined cutoff values ac-
cording to clinical responses previously reported in the
literature (/5) to ensure no false-positives were included.
In our patients, a TBR4 h = 1.2 can predict 88% of PDs
and 100% of PRs. It is better than other parameters (TBR2
h, SUV2 ht, and SUV4 ht) and still correlates well with
them.

Under normal conditions, hypoxia can greatly enhance
glucose uptake through upregulation of glycolytic enzymes.
The results of our study show that SUVgpgpeak does not
correlate with either '8F-FMISO uptake or with the efficacy
of endocrine therapy, suggesting that the alteration of glu-
cose metabolism in breast cancer cells characterized by
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a preference of aerobic glycolysis, known as the Warburg
effect, appears to be caused by more than hypoxia and has
no relationship with endocrine therapy resistance. Thus, the
relationship between hypoxia and endocrine therapy resis-
tance needs further examination.

Like SUVppGpeak,» HIF-lae did not correlate with!8F-
FMISO uptake in our study. This finding is in line with
earlier studies (32-35). HIF-la was mainly expressed in
the cytoplasm (90%—-100%) and was highly sensitive to ox-
ygen partial pressure. Many procedures such as surgery and
sample collection could cause artificial hypoxia, leading to
increased HIF-1a expression and a high false-positive rate.
It was noted that not only in hypoxia but also under nor-
mal oxygen concentrations, HIF-1aw can be induced by
a variety of stimuli, such as growth factors, cytokines,
hormones, and viral proteins. These pathways are often
upregulated in tumor cells because of the activation of
oncogenes and loss of tumor suppressors, notably phos-
phatase and tensin homolog deleted on chromosome 10,
von Hippel-Lindau protein, and p53 (36,37). Another rea-
son for the discrepancy between HIF-la expression and
I8F-FMISO uptake may be that the fluctuation of tumor
oxygenation at pO2 levels of 10 mm Hg or more would not
be detected by '8F-FMISO PET/CT scans but could nev-
ertheless lead to the activation of the HIF system (34).
Ki67 has been used as a tumor marker to predict response
to endocrine therapy. The expression level of Ki67 had been
reported to be negatively correlated with clinical outcome
(24). In theory, an increase in cellular proliferation should be
accompanied by an increase in oxygen supply. When the
oxygen supply cannot adequately meet the needs of locally
advanced tumors, hypoxia will likely develop. Our study
reveals a marginal correlation between Ki67 expression
and '8F-FMISO uptake and retention (r = 0.51, P =
0.012, and r = 0.51, P = 0.011, respectively). However,
there was no correlation between Ki67 expression and '8F-
FDG uptake (r = 0.23, P = 0.27). Similar results were
reported for NSCLC, in which only a weak positive correla-
tion between '8F-FMISO uptake and Ki67 was found (30). It
is possible that hypoxia in breast tumors does not depend on
cellular proliferation and could be an independent predictive
factor of clinical outcome.

We find that the state of hypoxia in ER-positive breast
tumors at baseline could predict resistance to endocrine
therapy. The prognostic value of '83F-FMISO PET/CT per-
formed at baseline will be assessed in future studies with
more patients.

CONCLUSION

Monitoring the effects of endocrine therapy is critical to
determine whether the current treatment should be contin-
ued, stopped, or changed to a more aggressive regimen. An
effective method for monitoring the response to endocrine
therapy is needed to ensure early identification of non-
responders. Our study used a noninvasive and repeatable
method, '8F-FMISO PET/CT, to predict the outcome after

ISE_.FMISO PET/CT anD ENDOCRINE RESISTANCE  ®

endocrine therapy and confirm that TBR4 h = 1.2 is an
optimal cutoff that highly suggests resistance to hormonal
therapy.
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