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To evaluate the prognostic value of a volume-based met-
abolic tumor response to neoadjuvant chemotherapy in
patients with locally advanced breast cancer.

This study was approved by the institutional review board,
with waivers of informed consent. One hundred sixty-sev-
en patients (mean age, 44 years; range, 22-68 years) with
clinical stage Il or III breast cancer who underwent fluo-
rine 18 fluorodeoxyglucose positron emission tomography/
computed tomography scans at baseline and after com-
pletion of neoadjuvant chemotherapy between July 2006
and June 2013 were selected. The association between
the metabolic response parameters and the disease-free
survival was assessed by using a Cox proportional hazards
regression model and time-dependent receiver operating
characteristic curve analysis. Metabolic response param-
eters included the maximum standardized uptake value
(SUV,..), the total metabolic tumor volume (MTV
and the relative decrease in SUV_ __and MTV

to(al) &

) total®

In the Cox model, posttreatment SUV, (P = .029) and
MTV, . (P = .028) and relative decreases in SUV (P
= .032) and MTV,_ (P = .005) after neoadjuvant che-
motherapy were significantly associated with disease-free
survival after adjusting for pretreatment clinical stage, yp
stage, and tumor subtype. In the time-dependent receiver
operating characteristic curve analysis, MTV _ after neo-
adjuvant chemotherapy had the highest association with
outcome compared with the other parameters (P < .001).
MTV,_ . of up to 0.2 cm?® after neoadjuvant chemother-
apy was significantly associated with a favorable outcome
in patients who did not achieve pathologic complete re-
sponse after neoadjuvant chemotherapy.

The volume-based metabolic tumor response to neoadju-
vant chemotherapy is associated with an increased risk of
recurrence, regardless of tumor subtype and pathologic
tumor response.

©RSNA, 2014
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n patients with breast cancer, neo-

adjuvant chemotherapy (NAC) is a

treatment option not only for unre-
sectable locally advanced disease but
also for large operable breast cancer,
because it may reduce tumor size and
allow for breast-conserving surgery (1).
Although NAC itself did not improve
survival compared with postoperative
treatment, achievement of pathologic
complete response in the primary tu-
mor and regional lymph nodes after
NAC is widely accepted as the most
powerful surrogate marker for longer
disease-free survival (DFS) and overall
survival (1,2).

Noninvasive assessment of response
to NAC may guide further treatment
strategies. Identifying nonresponders
earlier may allow patients to avoid
further ineffective chemotherapy. Ac-
curate evaluation of residual disease
facilitates planning of the most optimal
surgery. Furthermore, improved prog-
nostication of partial responders may

Advances in Knowledge

B In patients with locally advanced
breast cancer who undergo neo-
adjuvant chemotherapy (NAC)
followed by surgical resection,
posttreatment maximum stan-
dardized uptake value (SUV
=.029) and total metabolic
tumor volume (MTV,_ ., P=
.028) and relative decreases in
SUV, . (P=.032) and MTV__ (P
= .005) after completion of NAC
were significantly associated with
disease-free survival, indepen-
dent of tumor subtype and yp
stage.

P

max’

B The volume-based metabolic
tumor response (MTV _  after
NAC) had the highest association
with treatment outcome com-
pared with the other metabolic
response parameters (P < .001);
the metabolic tumor response
(MTV,, after NAC = 0.2 cm?)
was significantly associated with
a favorable outcome in patients
who did not achieve pathologic
complete response (P < .001).

guide additional adjuvant treatment
planning.

The most widely studied role of fluo-
rine 18 ('8F) fluorodeoxyglucose (FDG)
positron emission tomography (PET)/
computed tomography (CT) in the re-
sponse assessment of breast cancer dur-
ing or after NAC was whether it could
be used to predict pathologic response
earlier (3). The investigators of a meta-
analysis concluded that 'F-FDG PET
or PET/CT imaging conducted after the
first or second cycles of NAC has mod-
erately high sensitivity, specificity, and
positive predictive value in the early
prediction of response (4,5). However,
most of the PET studies in patients who
have undergone NAC have common lim-
itations of small patient numbers, vari-
able cutoff value of percentage change
in the standardized uptake value (SUV),
and limited use of metabolic response
parameters with only SUV. Recent stud-
ies showed that the relative decrease in
volume-based PET parameters after two
cycles of NAC could be used to predict
pathologic complete response more ac-
curately than SUV (6-8). Many investi-
gators studied only the association be-
tween PET parameters and pathologic
complete response and did not evaluate
the relationship between PET parame-
ters and prognosis in patients who failed
to achieve pathologic complete response.

Our purpose was to evaluate the prog-
nostic value of the volume-based meta-
bolic tumor response to NAC in patients
with locally advanced breast cancer.

Materials and Methods

Patients and Treatment

Our institutional review board approved
this retrospective study, and informed
consent was waived. We retrospectively
reviewed data from all patients with

Implication for Patient Care

B The volume-based metabolic
tumor response to NAC could be
a new method for assessment of
response to enable stratification
of prognosis in patients with lo-
cally advanced breast cancer.

histologically proven breast cancer (clin-
ical stage II or III) who underwent NAC
between July 2006 and June 2013. We
identified 484 eligible patients from the
tumor registry database. Among these
patients, we excluded 14 patients who
did not undergo at least three cycles
of NAC before surgery. Patients were
required to have undergone 'SF-FDG
PET/CT scans at baseline and after
completion of NAC (n = 201). Patients
who did not undergo breast surgery af-
ter NAC (n = 34) were excluded. The
final study population consisted of 167
women (mean age, 44 years; range,
22-68 years) (Fig 1).

Clinical-pathologic characteristics
and survival data were obtained from
the patients’ medical records. Post-
therapy stage (yp stage) was obtained
from surgical pathology reports. Sub-
type of breast cancer was determined
by means of immunohistochemical
testing for estrogen receptor (ER), pro-
gesterone receptor (PR), and human
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Abbreviations:

AUC = area under the ROC curve
Cl = confidence level

DFS = disease-free survival

ER = estrogen receptor

FDG = fluorodeoxyglucose

MTV = metabolic tumor volume
MTV,,, = total MTV

NAC = neoadjuvant chemotherapy
PR = progesterone receptor

ROC = receiver operating characteristic
SUV = standardized uptake value
SUV_, = maximum SUV
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Patients with histologically proven
breast cancer (clinical stage Il or Ill)
undergoing NAC (n=484)

Exclusion:
NAC < 3 cycles (n=14)
No baseline or post-NAC PET/CT (n=269)

Patients with baseline and post-
treatment PET/CT scans after
completion of NAC (n=201)

Exclusion:
No surgery performed after NAC (n=34)

Final study population (n=167)

Figure 1:  Flowchart shows study population
selection, with exclusion criteria.

epidermal growth factor receptor 2
(HER2). HER2 status was considered
positive when the immunohistochemi-
cal result was 3+. When the immuno-
histochemical result for HER2 was 2+,
HER2 amplification was confirmed by
means of silver in situ hybridization
or fluorescence in situ hybridization
analysis.

NAC included the following regi-
mens: doxorubicin and cyclophospha-
mide, doxorubicin and cyclophospha-
mide followed by taxane, doxorubicin
and docetaxel, or taxane with anti-
HERZ2 agents. Pathologic complete re-
sponse after NAC was defined as the
absence of invasive carcinoma in the
breast and the lymph nodes.

18F-FDG PET/CT

All patients fasted for at least 6 hours
before the PET/CT study. Blood glucose
levels were measured and were required
to be less than 200 mg/dL (11.1 mmol/L).
Whole-body PET and unenhanced CT
images were acquired by using a PET/CT
scanner (Discovery STE; GE Healthcare,
Milwaukee, Wis). Whole-body CT was
performed by using a 16-section helical
CT scanner with 30-170 mAs adjusted
to the patient’s body weight at 140 kVp
and 3.75-mm section width. After the CT
scan, an emission scan was performed
from the thigh to the head for 2.5 mi-
nutes per frame in three-dimensional

mode, 60 minutes after the intravenous
injection of 'F-FDG (5.5 MBq per kilo-
gram of body weight). PET images were
reconstructed by using CT for attenua-
tion correction with the ordered subsets
expectation maximization algorithm (20
subsets, two iterations) with a voxel size
of 3.9 X 3.9 X 3.3 mm. SUV was normal-
ized to the patient’s body weight.

Assessment of Metabolic Tumor Response

Assessment of metabolic tumor re-
sponse with the volume viewer software
on a GE Advantage Workstation version
4.4 (GE Healthcare) was performed inde-
pendently by two investigators (S.H.H.,
a nuclear medicine physician with 9
years of clinical experience in PET/CT
imaging; and a nonauthor, a research
technician with 3 years of experience
in PET/CT image analysis), who were
unaware of clinical information. One
data set measured by S.H.H. was used
for all subsequent analyses. The other
data set measured by the nonauthor
was used only for the assessment of
interobserver variability. We placed a
volume of interest over target lesions
around the highest centers of metabolic
activity in the primary tumor and all
metastatic lymph nodes and then used
software to measure the maximum SUV
(SUV, ) and metabolic tumor volume
(MTV). The baseline images were used
to guide the volume of interest place-
ments on the posttreatment images.
MTV was defined as the tumor volume
segmented with '®F-FDG uptake above
a threshold SUV of 2.5. We measured
the SUV  of the primary tumor and
the total MTV (MTV ) of the primary
tumor and all metastatic lymph nodes
on the baseline images (baseline SUV
and baseline MTV  , respectively) and
posttreatment images (posttreatment
SUV,  and posttreatment MTV . re-
spectively). We also calculated the rela-
tive decreases in SUV___ (ASUV ) and
MTV, . (AMTV,_ ). Relative decrease
parameters were calculated with the
following equations: ASUV = (base-
line SUV_ — posttreatment SUV_ )/

baseline SUV_ X 100% and AMTV
= (baseline MTV _  — posttreatment
MTV, )/baseline MTV, = X 100%. If

the target lesion was not visualized or

could not be distinguished from the
background after NAC, SUVmax was
measured with a 20-mm-diameter
spherical volume of interest at the same
position as the baseline target lesion. If
the SUV__ of the target lesion was less

than 2.5, MTV was set as a single voxel
with a volume of 0.05 cm?.

Statistical Analysis

Univariable and multivariable analyses
conducted by using a Cox proportional
hazards regression model were per-
formed for assessment of the relation-
ship between the metabolic response
parameters and DFS. Continuous PET
parameters were examined for normal-
ity and skewness. A log, transformation
was applied to the skewed variables,
SUV, . and MTV. Metabolic response
parameters were analyzed in each sep-
arate model (SUV, ., ASUV __ MTV .,
and AMTV,_ = models) because there
was multicollinearity between MTV and
SUV, .. The overall discriminatory ca-
pacity of the Cox model was assessed
by using the Harrell concordance index
(C index), which was validated by boot-
strapping with 1000 replications (9).

DFS was defined as the time from
the date of surgery to the date of local-
regional or distant recurrence, death
from breast cancer, or the last follow-up
date. Survival curves were estimated by
using the Kaplan-Meier method and
compared by using the log-rank test.
We applied maximally selected rank
statistics to identify an optimal cutoff of
the metabolic response parameter (10).
To assess and compare the predictive
performance of the metabolic response
parameters, we used the time-depen-
dent receiver operating characteristic
(ROQ) curve for censored survival data
and the area under the ROC curve
(AUC) as criteria (11). We derived the
integrated AUC as a measure of overall
prediction from the results of the time-
dependent ROC curves.

The “maxstat” package for maxi-
mally selected rank statistics, the “surv-
comp” package for time-dependent
ROC curve, and the “rms” package for
boot-strapped internal validation in the
R open source statistical software (R
Foundation, Vienna, Austria; http://
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www.R-project.org) were used. Inter-
observer variability for the measure-
ment was assessed by using the concor-
dance correlation coefficient in MedCalc
version 13.1 (MedCalc Software, Mar-
iakerke, Belgium) (12). Differences
of metabolic response parameters be-
tween the two independent groups were
determined by using a Mann-Whitney
U test. All tests were two sided, all con-
fidence intervals (Cls) were reported at
the 95% level, and P values less than
.05 were considered to indicate a statis-
tically significant difference. To account
for multiple testing, we used Bonferroni
correction, and P values less than .0125
(.05/4 = .0125) were considered to in-
dicate a significant difference.

Patient Characteristics

Patient characteristics are summarized
in Table 1. All patients had clinical stage
IT or III disease at baseline and under-
went NAC with a median of eight cycles
of regimens that contained anthracy-
cline or taxane. There was no primary
tumor that showed an SUV __ less than
2.5 at staging (range, 2.5-30.4). The
mean interval between the baseline and
post-NAC scans was 5 months, with a
range of 2-7 months. A post-NAC scan
was performed a mean of 19 days after
the completion of NAC, with a range of
1-49 days. After the completion of NAC,
103 patients (61.7%) underwent breast-
conserving surgery, and the other 64
patients (38.3%) underwent modified
radical mastectomy or total mastectomy
a mean of 10 days after the post-NAC
scan, with a range of 1-29 days.
Additional adjuvant chemotherapy
was performed in 89 patients, includ-
ing 31 of 43 patients who had received
only anthracycline as NAC and were
then treated with additional taxane as
adjuvant treatment. Among 45 patients
with HER2-positive breast cancer, 16
patients received anti-HER2 treatment
preoperatively, and 34 patients were
additionally administered HER2-target-
ed chemotherapy postoperatively. Adju-
vant radiation therapy was performed
in 161 patients (96.4%), and adjuvant

endocrine therapy was administered for
all hormone receptor—positive disease.

There was excellent agreement be-
tween the two observers for measure-
ment of baseline SUV _ (concordance
correlation coefficient = 0.999; 95% CI:
0.998, 0.999), posttreatment SUV
(concordance correlation coefficient =
1.000; 95% CI: 0.999, 1.000), baseline
MTV ., (concordance correlation coef-
ficient = 0.982; 95% CI: 0.977, 0.985),
and posttreatment MTV,__~ (concor-
dance correlation coefficient = 0.996;
95% CI: 0.993, 0.998).

Prognostic Factors for DFS

The median follow-up duration was 19
months, with a range of 3-85 months.
At the time of analysis, 33 patients
(19.8%) had local-regional or dis-
tant recurrence, and no patients had
died. In the univariable analyses, clin-
ical stage at diagnosis, yp stage after
neoadjuvant treatment, breast cancer
subtype, posttreatment SUV ., ASU-
Vnm, baseline MTV posttreatment
MTV ., and AMTV . were significant
prognostic factors for DFS (Table 2). In
the multivariable analyses, posttreat-
ment SUV  (hazard ratio = 1.51 for a
doubling of posttreatment SUV _, P =
.029), ASUV,_ (hazard ratio = 0.98, P
=.032), posttreatment MTV _  (hazard
ratio = 1.14 for a doubling of posttreat-
ment MTV . P=.028), and AMTV
(hazard ratio = 0.99, P = .005) were
significantly associated with DFS after
adjusting for clinical stage, yp stage,
and tumor subtype. Baseline MTV
was not a significant prognostic fac-
tor. However, if the multiple testing
had been taken into account, AMTVmlal
would have remained significant after
adjustment for a family-wise error rate
via Bonferroni correction (Table 3). The
Cox model with posttreatment MT-
V. (C index, 0.790; bootstrap cor-
rected, 0.765) had a higher discrimi-
native ability than the AMTV _ model
(C index, 0.768; bootstrap corrected,
0.750).

Time-dependent ROC curve analysis
showed the AUC at a given follow-up time
from the date of surgery (Fig 2). Inte-
grated AUC as a measure of overall pre-
diction was the best with posttreatment

total”

Clinical Characteristics of Patients
with Breast Cancer

No. of Patients

Characteristic (n=167)
Median age (y)* 44 (22-68)
Histologic finding

Invasive ductal 158 (94.6)
carcinoma
Invasive lobular 4(2.4)
carcinoma
Other 5(3.0
Clinical T stage before
NAC
T1/T2/T3/T4 6/76/71/14
Clinical N stage before
NAC
NO/N1/N2/N3 20/63/38/46
ypT stage after NAC
TO/Tis/T1/T2/T3/T4 19/17/56/38/33/4
ypN stage after NAC
NO/N1/N2/N3 66/50/28/23
Clinical stage before
NAC
Stage Il 53 (31.7)
Stage IIl 114 (68.3)
yp stage after NAC
Stage 0 29 (17.4)
Stage | 25 (15.0)
Stage Il 53 (31.7)
Stage Ill 60 (35.9)
Tumor subtype
ER and PR positive, 67 (40.1)
HER2 negative
ER and PR positive, 18(10.8)
HER2 positive
ER and PR negative, 27 (16.2)
HER2 positive
ER and PR negative, 55 (32.9)
HER2 negative
Type of surgery
Breast-conserving 103 (61.7)
surgery
Mastectomy 64 (38.3)
NAC regimens
Anthracycline and 107 (64.1)
taxane based
Anthracycline based 43 (25.7)
Taxane based 17 (10.2)
Anti-HER2 treatment in
45 patients with
HER2-positive status
Neoadjuvant and 16 (35.6)

adjuvant
Table 1 (continues)
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Table 1 (continued)

Clinical Characteristics of Patients with

Univariable Cox Regression Analysis for DFS

Breast Cancer
Variable Hazard Ratio 95% Cl PValue
No. of Patients
Characteristic (n=167) Age (1-year increase) 0.982 0.942,1.024 400
Adjuvant only 18 (40.0) Clinical stage group before NAC
None 11 (24.4) Stage lllvs Il 2.482 1.024,6.018 .044
yp stage group after NAC
Note.—Data are numbers of patients, with percentages Stage 0 or | 1.000 .. .001
in parentheses, unless specified otherwise. Stage Il 2860 0.737. 11.092 129
*The age range appears in parentheses. Stage 11 7.916 2375‘ 26.383 001
Tumor subtype
ER and PR positive, HER2 negative 1.000 .026
ER and PR positi tive, 0.814 0.301,2.204 .686
MTV, . of 0.740, followed by AMTV,_ :';R ) p(?;:'\,;ve or negative
of 0.713, ASUV,,, of 0.702, posttreat- ER and PR negative, HER2 negative 2.367 1,007, 5.111 028
ment SUV,,, of 0.645, baseline MTV,,,, Baseline SUV_* 0.965 0.627,1.485 872
lf;f 0.611, dﬁ}“d bas;IEl’T‘e SUV,,,, of 0.484. Posttreatment SUV_* 1863 1381,2.514 <.001
t t ter: t- ; *
ostneoacjuvan Paramerers (pos Baseline MTV,,, 1.223 1.012,1.477 037
treatment SUV,  — and posttreatment Posttreatment MTV,, * 1262 1.151,1.383 <001
MTV ) demonstrated better predictive ASUV_ (%) 0.977 0.968, 0.986 <001
performance than pretreatment PET pa- AMTV, ., (%) 0.993 0.989, 0.996 <.001

rameters (baseline SUV  and baseline

MTV ). Relative decrease parameters

(ASUV =~ and AMTV showed good

X toml)
predictive performance. Posttreatment
MTV , was a significantly better meta-

bolic response parameter than the other
PET parameters (P < .001).

* Continuous variables in log, scale.

Multivariable Cox Regression Models for DFS

Model and Variable Hazard Ratio 95% Cl PValue

Prognostic Stratification according to MTV,,, model

Posttreatment M1V, ,, Baseline MTV, ,* 1.002 0.815,1.231 984
The optimal cutoff value of posttreat- Posttreatment MTV, ,_* 1.135 1.014,1.270 028
ment MTV_ that allowed risk strati- Suv_ model

fication was 0.2 cm® on the basis of Baseline SUV__* 0.722 0.419,1.243 242
the result of this study by using maxi- Posttreatment SV, * 1.511 1.043,2.188 .029
mally selected rank statistics. Patients AMTV,, (%) 0.995 0.992,0.998 .005
were classified as metabolic responders ASUV,_,. (%) 0.989 0.978, 0.999 032

(posttreatment MTV, =~ = 0.2 cm?®) or
metabolic nonresponders (posttreat-
ment MTV > 0.2 cm?®) (Fig 3). SUV,__
and MTV before and after NAC were
significantly higher in metabolic nonre-
sponders than in metabolic responders.
ASUV, and AMTV showed a signif-
icant difference between metabolic re-
sponders and metabolic nonresponders
(Table 4).

Pathologic complete response was
achieved in 29 patients (17.4%). None
of these patients had local-regional or
distant failure during the follow-up pe-
riod. In the subgroup of patients (n =
138) who did not achieve pathologic
complete response, posttreatment MT-
V. of up to 0.2 cm?® was significantly

total

Note.—These models were adjusted for pretreatment clinical stage, yp stage, and tumor subtype.

* Continuous variables in log, scale.

associated with a favorable outcome
(P < .001). DFS was significantly longer
in metabolic responders in each stratum
of tumor subtype (Fig 4) and yp stage
(Fig 5), except for the subgroup with
the ER- and PR-negative, HER2-negative
subtype and those with yp stage [. A
subgroup analysis with a more homo-
geneous population was performed on
patients (n = 78) without pathologic
complete response after the same NAC
(with eight cycles of anthracycline and

cyclophosphamide, followed by taxane).
The multivariable analysis showed that
the metabolic nonresponse after NAC
was significantly associated with worse
DEFS after adjusting for clinical stage, yp
stage, and tumor subtype (Table 5).

In this study, the volume-based meta-
bolic tumor response was a significant
prognostic factor for DFS, independent
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0.8

0.6

AUC

Parameters = IAUC

0.4
— MTV,,,,=0.740
— AMTV, . =0713
— ASUV, =0702
0-21 — Suv__,=0645
MTV ., = 0.611
— 8UV,_, =0.484
0 ‘ : : ‘
0 5 10 15 20

Follow up time (mo)
Figure 2:  Graph shows time-dependent ROC
curve analysis for prediction of DFS. JAUC =
integrated AUC, MTV___ = baseline MTV.__, MTV

totall total” total2

= posttreatment MTV,_, SUV. = baseline SUV__,

fotal” max1

Suv..,= postireatment SUV_ .

max2

of tumor subtype and yp stage in pa-
tients with locally advanced breast
cancer. MTV,__ of up to 0.2 cm?® after
NAC was significantly associated with
a favorable outcome in patients who
did not achieve pathologic complete
response. MTV after NAC was used
to predict disease outcome more ac-
curately than were SUV  parameters.

Since pathologic complete re-
sponse is the most powerful prognostic
marker for longer survival after NAC,
most studies on the use of imaging mo-
dalities after NAC have focused on pre-
dicting pathologic complete response
accurately before surgery. MR imaging
was reported to have high accuracy for
prediction of pathologic complete re-
sponse (13) and is currently the stan-
dard imaging modality recommended
by the National Comprehensive Can-
cer Network for response evaluation
in patients with breast cancer who
are undergoing NAC (14). SUV at PET
after completion of NAC is associated
with pathologic complete response;
however, this PET parameter demon-
strated inferior accuracy in the predic-
tion of pathologic complete response
compared with MR imaging (15,16),
which suggests that improvements in
PET/CT analysis will be important to
better demonstrate the benefit of !8F-
FDG PET/CT in clinical practice.

Figure 3

b.
Figure 3:

Baseline (left) and post-NAC (right) '8F-FDG PET/CT images in (a) a 36-year-old woman with

ER- and PR-positive, HER2-negative breast cancer and (b) a 57-year-old woman with ER- and PR-negative,
HER2-negative breast cancer. These two patients with ypT1NO breast cancer underwent NAC with eight
cycles of anthracycline and cyclophosphamide, followed by taxane and breast-conserving surgery. Axial
fused PET/CT images show (@) a metabolic responder (baseline SUV, = 23.4, posttreatment SUV = 3.2,

ASUV,_ = 86.3%, baseline MTV,

total

=59.9 cm?, posttreatment MTV

= 015 0M?, AMTV, _, = 99.7%)

and (b) a metabolic nonresponder (baseline SUV, = 15.7, posttreatment SUV, =19, ASUV = —21%,

baseline MTV,

total

=12.5 cm®, posttreatment MTV,

fotal

=9.2 cmd, AMTV

= 26.4%).

fotal

Table 4

Comparisons of Metabolic Response Parameters between Metabolic Responders and

Metabolic Nonresponders

Parameter Responders (n=113) Nonresponders (n = 54) PValue
Baseline SUV_ 8.5 (6.0-11.7) 11.1 (8.8-16.0) <.001
Posttreatment SUV_ 1.6 (1.3-2.0) 5.2 (3.5-10.9) <.001
Baseline MTV, . 19.7 (8.5-41.7) 26.3 (12.7-48.7) .028
Posttreatment MTV, 0.05 (0.05-0.05) 21(0.7-11.8) <.001
ASUV_ . (%) 80.0 (69.9-87.3) 51.9 (12.5-68.5) <.001
AMTV, ., (%) 99.7 (99.2-99.9) 89.8 (69.1-97.4) <.001

Note.—Data are median values, with interquartile ranges in parentheses.

In most of the previous '8F-FDG
PET/CT studies regarding the early
prediction of tumor response, the
PET/CT scan was performed only af-
ter several cycles of NAC, not after

completion of all planned cycles. A
meta-analysis showed that the pooled
sensitivity and specificity of SUV in
the prediction of tumor response was
80.5% (95% CI: 75.9%, 84.5%) and
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78.8% (95% CI: 74.1%, 83.0%), re-
spectively (4); however, it is hard to
standardize the optimal timing of PET/
CT evaluation and the SUV threshold
value of interval change between base-
line and after NAC. The previously sug-
gested optimal timing of F-FDG PET/
CT evaluation varies from one to four
cycles of NAC. Various SUV threshold
values of interval change were also
suggested. Another limitation of pre-
vious studies is that SUV was the only
analyzed PET parameter. Although
SUV___ is a widely used index for '8F-
FDG uptake of the tumor, it represents
only the highest single-voxel value in
the tumor and has limitations in the
evaluation of heterogeneous tumor
activity and the total tumor burden.

SUV, _ is also highly sensitive to noise
and is affected by many factors (17-
20). Volume-based PET parameters
such as MTV incorporate total tumor
burden, as well as tumor metabolic ac-
tivity. Many investigators have there-
fore studied the value of the volume-
based PET parameters for treatment
response assessment and prognosis
prediction. In various tumor types, a
volume-based PET parameter was sig-
nificantly associated with prognosis,
though all were retrospective studies,
and the extent of the target lesion var-
ied from primary tumor only to all ma-
lignant lesions, including regional or
distant metastases (21-24).

In several studies, early clinical re-
sponse after several cycles of NAC was

a response-guided strategy was associ-
ated with improved DFS, especially in
patients with hormone receptor—pos-
itive status (27). The early response
was assessed clinically by means of
physical examination, ultrasonography,
and mammography after two cycles of
NAC.

Our data suggest that the post-
treatment 'F-FDG PET/CT data pro-
vide additional prognostic information
and allow stratification of the patients
that would benefit from further treat-
ment among the patients without path-
ologic complete response after NAC.
Currently, there is no standard guide-
line for metabolic tumor response-
guided NAC strategy in breast can-
cer. Although our study showed that
metabolic tumor response provided
independent prognostic information in
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addition to yp stage, a metabolic tu-
mor response—guided treatment strat-
egy that optimizes additional adjuvant
treatment is not yet an area of stan-
dard treatment. It is not yet known
whether treatment decisions based
on this information can improve pa-
tient outcomes. Therefore, further
prospective clinical trials in patients
with breast cancer who are undergoing
NAC are warranted to assess the role
of metabolic tumor response in thera-
peutic decision making.

There are several limitations to this
study. First, the patients who did not
respond to NAC enough to proceed to
surgery or the patients who did not un-
dergo both PET/CT scans before and
after NAC were not included in this

study cohort. During the earlier pe-
riod of study, '8F-FDG PET/CT was not
performed routinely for NAC setting in
our institution. Second, our subject
population was heterogeneous because
of various numbers of cycles and reg-
imens of NAC. Third, the relatively
short follow-up duration of this study
is not enough time to determine the
long-term prognostic effect. Fourth,
the choice of an optimal cutoff point
for the risk stratification was based on
the result of this study by using max-
imally selected rank statistics. This
can lead to overestimation of the re-
sults. External validation is therefore
required.

There are still several technical lim-
itations in the method for quantitative

threshold of 2.5 has been used in many
prior studies and is more straightfor-
ward than other methods, such as
gradient-based or background thresh-
old approaches. Although the partial
volume effect is an important issue
for the smaller lesions, we did not
perform the partial volume effect cor-
rection because there was no widely
accepted solution. We assumed that
there was little effect of the plasma
glucose level and uptake time on our
results because we used a standard im-
aging protocol for this study.

In conclusion, in patients with
breast cancer who are undergoing NAC
followed by surgical resection, volume-
based metabolic tumor response to NAC
is associated with an increased risk of
recurrence in locally advanced breast
cancer, regardless of tumor subtype
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Table 5

Multivariable Cox Regression Analysis for DFS in the Subgroup of Patients (n = 78)
Who Did Not Achieve Pathologic Complete Response after the Same Regimen of NAC
(with eight cycles of anthracycline and cyclophosphamide followed by taxane)

Variable Hazard Ratio 95% Cl PValue

Clinical stage before NAC

Stage lllvs Il 1.222 0.194,7.677 .831
yp stage group after NAC

Stage | 1.000 e 445

Stage Il 0.619 0.113, 3.407 .582

Stage Il 1.895 0.360, 9.963 450
Tumor subtype

ER and PR positive, HER2 negative 1.000 .304

ER and PR positive or negative, 2.778 0.586, 13.169 198

HER2 positive

ER and PR negative, HER2 negative 2.737 0.654, 11.456 168

Metabolic nonresponse after NAC 6.277 1.954,20.166 .002
and pathologic tumor response. The 3. Cintolo JA, Tchou J, Pryma DA. Diagnostic

volume-based metabolic tumor response
to NAC could be an aid in stratification
of prognosis in patients with breast can-
cer who did not achieve pathologic com-
plete response after NAC and may guide
treatment planning for those who need
further treatment. Further validation by
using a prospective trial is warranted.
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