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Neoadjuvant chemotherapy (NAC) is effective in down-staging a primary tumor before

surgery, and quick differentiation between responders to NAC and nonresponders is

needed. We investigated the utility of [18F]fluorodeoxyglucose positron emission

tomography (FDG-PET) and computed tomography (CT) in evaluating the therapeutic

effectiveness of NAC. We investigated 25 patients who underwent NAC for stage II and

III noninflammatory breast cancer. FDG-PET/CT was undertaken before and after NAC

to determine the maximum standardized uptake value (SUVmax) reduction rate.

Findings were compared with postoperative histopathologic evaluation of therapeutic

response. It was not possible to accurately assess tumor response to NAC using CT.

However, using the SUVmax reduction rate, we noted a significant difference (P¼0.0420)

between patients who were responsive and nonresponsive to NAC. The sensitivity and

specificity were as high as 83.3% and 78.9%, respectively. This study demonstrated that

FDG-PET/CT can differentiate responders from nonresponders. This improves patient

management by avoiding unnecessary chemotherapy.
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Breast cancer is currently the most prevalent
malignant disease affecting women in Japan,

and the incidence rate is increasing rapidly. While
the mortality rate has declined slightly in the United
States and Europe, it is still rising in Japan.

In recent years, neoadjuvant chemotherapy
(NAC) has been increasingly used for the treatment
of locally advanced breast cancer and has improved
the chances of preserving the breast.1–3 Evaluation
of the therapeutic effects after chemotherapy is
important, and modalities used for this purpose
include ultrasound, computed tomography (CT),
and magnetic resonance imaging (MRI). These
diagnostic imaging methods involve the use of
morphologic diagnostic imaging to assess the size
of the tumor.4

Positron emission tomography (PET)-CT scans
have recently gained popularity as an effective
functional diagnostic imaging method in the clinical
management of cancer.5 [18F]fluorodeoxyglucose
(FDG)-PET is superior to other morphologic diag-
nostic imaging methods, including ultrasound, CT,
and MRI, from the perspective of tumor cell activity.
This activity can be quantified and assessed by
means of FDG uptake.

Evaluation of the therapeutic effects of NAC
using FDG-PET/CT is useful, although in the case of
breast cancer, identification of the primary lesion
and diagnosis of lymph node metastasis is limited.5

This is because the number of false positives may be
increased because of FDG accumulation as a result
of inflammation. However, it has been hypothesized
that intercomparison of standard uptake values
(SUV) can be useful in evaluating the effects of
chemotherapy. In the present study, we investigated
the utility of FDG-PET in evaluating the therapeutic
effects of initial NAC for breast cancer patients
treated at our facility.

Patients and Methods

Patient background

A total of 204 patients were pathologically diag-
nosed with breast cancer with clinical stage II (IIA
and IIB) or stage III (IIIA, IIIB, and IIIC) at the
hospital between 2007 and 2010. We investigated 25
patients who underwent NAC. Patients with in-
flammatory breast cancer were excluded. Breast
cancer was diagnosed using core needle biopsy.
Clinical staging of the tumor was described accord-
ing to the TNM classification. PET/CT scans were
carried out before and after NAC and comparatively
examined by means of postoperative histopatholo-

gy. All patients gave informed consent for study
participation as approved by the institutional
review board of the hospital.

Chemotherapy regimens

Chemotherapy drugs were administered as follows:
epirubicin and cyclophosphamide (EC), paclitaxel
(TXL), or docetaxel (TXT) in 15 cases; EC þ TXL þ
trastuzmab (anti-HER2) in 9 cases; and fluorouracil,
epirubicin, and cyclophosphamide (FEC) in 1 case.
Dosage was determined based on the Japanese
Breast Cancer Society clinical practice guidelines
for breast cancer. The doses used in the chemother-
apy regimens were as follows: EC: epirubicin 100
mg/m2 and cyclophosphamide 600 mg/m2 (every 3
weeks); FEC: fluorouracil 500 mg/m2, epirubicin 100
mg/m2, and cyclophosphamide 500 mg/m2 (every 3
weeks); TXL: paclitaxel 80 mg/m2 (every week);
TXT: docetaxel 75 mg/m2 (every 3 weeks); and anti-
HER2: trastuzumab at an initial dose of 8 mg/kg,
and second and subsequent doses of 6 mg/kg
(every 3 weeks), or at an initial dose of 4 mg/kg, and
second and subsequent doses of 2 mg/kg (every
week).

Analysis using PET/CT

The 25 patients enrolled in our study underwent
PET/CT scans before and after NAC. The fasting
period prior to scanning was 6 hours. Blood glucose
concentration was measured immediately before
FDG administration. FDG dosage was based on
body weight. Patients weighing ,55 kg received
FDG intravenously at a dose of 4 MBq/kg, and
those weighing .55 kg received FDG intravenously
at a dose of 222 MBq/kg. PET/CT scans were
obtained at 1 hour after administration of FDG
using a Siemens Biograph LSO/Sensation 16 (Sie-
mens, Erlangen, Germany). Patients were placed in
a supine position with both arms raised above their
heads. The range of imaging included the skull
through to the mid-thigh. Transverse, coronal, and
sagittal section PET/CT images were interpreted by
2 radiologists.

Surgery

Following NAC, partial or radical mastectomy was
performed. In the case of partial mastectomy, a
rapid pathologic diagnosis of the specimen margin
in 4 radial directions was conducted during surgery;
in the event of a positive margin being detected,
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further excision was performed. If a positive margin
was found on further excision, then surgery was not
undertaken, and a total mastectomy was performed.
Axillary dissection was carried out in 11 cases with
positive sentinel lymph node biopsy results or with
positive axillary lymph nodes. Axillary dissection
was not performed in 14 cases with negative
intraoperative sentinel lymph node biopsy results.
Sentinel lymph node biopsy was conducted using
the radioisotope method or indigo carmine staining.

Radiation therapy

Patients who underwent partial mastectomy re-
ceived radiation therapy involving the preserved
breast after surgery. Patients with thoracic wall
invasion (T4a or T4c) prior to NAC underwent
postoperative radiation therapy involving the chest
wall. Patients with over 4 axillary lymph nodes
prior to NAC underwent postoperative radiation
therapy involving the armpit.

Evaluation of the effects of NAC

The therapeutic effects of NAC were evaluated by
means of FDG-PET/CT and postoperative histo-
pathologic findings. Postoperative histopathologic
evaluation was carried out in accordance with the
Clinical Practice Guidelines on Treating Breast
Cancer published by the Japanese Breast Cancer
Society. The therapeutic effects were classified as
follows:

1. Grade 1 (slightly effective)

Grade 1a (mildly effective: when slight changes in
cancer cells are observed irrespective of surface
area; when a high degree of change is observed in
,1/3 of cancer cells.)

Grade 1b (moderately effective: when a high
degree of change is observed in .1/3 and ,2/3
of cancer cells.)

2. Grade 2 (considerably effective)

Grade 2a (highly effective: when a high degree of
change is observed in over 2/3 of cancer cells;
however, a distinct cancer nest is observed.)

Grade 2b (extremely effective: effects are quite
close to those seen in a grade 3 complete response,
but with a few cancer cells remaining.)

3. Grade 3 (complete response: when all cancer cells
have either undergone necrosis or disappeared, and
a transition to granulation tissue or nest fibrosis
occurs.)

As a general rule, the therapeutic effects were
determined by infiltrative changes only, without
regard for the presence or absence of residual cancer
cells in the lactiferous duct.

The maximum diameter of the tumor was
measured before and after NAC on CT to calculate
the tumor reduction rate, as follows:

DMaximum Diameterð%Þ
¼ 100 3ðMaximum Diameter Prior to NAC

�Maximum Diameter After NACÞ
‚Maximum Diameter Prior to NAC

The maximum SUV (SUVmax) before and after
NAC was measured using FDG-PET/CT to calcu-
late the SUVmax reduction rate:

DSUVmaxð%Þ ¼ 100 3ðSUVmax Prior to NAC

� SUVmax After NACÞ
‚ SUVmax Prior to NAC

The mean SUVmax reduction rate was calculated
for each grade and compared. In addition, the mean
tumor reduction rate on CT was calculated for each
grade and compared.

Results

Characteristics of the 25 patients and primary
lesions are shown in Tables 1 and 2. Histologic
classification of tumors included 24 cases of invasive
ductal carcinoma and 1 case of invasive lobular
carcinoma. Hormone receptors comprised the fol-
lowing: 16 ER-positive cases; 11 PgR-positive cases;
and 9 HER2-positive cases.

The mean maximum tumor diameter on CT was
measured as being 30.7 (valve ranges, 13–60) mm
prior to NAC and 6.8 (valve ranges, 10–50) mm after
NAC. The SUV max for the primary lesion on PET
was 7.9 (valve ranges, 2.5–15.6) mm prior to NAC
and 1.6 (valve ranges, 0.8–4.7) mm after NAC (Fig.
1). The therapeutic outcomes evaluated on PET/CT
included 7 cases (28%) with a partial response, 18
cases (72%) with a complete response, 0 cases with
stable disease, and 0 cases with progressive disease.
Clinical evaluation of chemotherapy was described
according to the Response Evaluation Criteria in
Solid Tumors Guidelines (RECIST). Histologic eval-
uation involved 14 cases (56%) with grade 1
therapeutic effects, 5 cases (20%) with grade 2
therapeutic effects, and 6 (24%) cases with grade 3
therapeutic effects.
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A comparison of SUVmax reduction rates be-
tween each grade (1, 2, and 3) is shown in Table 3.
The SUVmax reduction rates for each grade were as
follows (expressed as the mean 6 SD): grade 1,
0.689 6 0.164; grade 2, 0.791 6 0.070; and grade 3,
0.860 6 0.112. No significant difference was ob-
served between grades 1 and 2 (P ¼ 0.2018). In
addition, no significant difference was observed
between grades 2 and 3 (P ¼ 0.2641), although a
significant difference was observed between grades
1 and 3 (P ¼ 0.0325). Moreover, the grades were
divided into 2 groups (grades 1 þ 2 and grade 3,
grade 1 and grades 2 þ 3) and compared (Table 4).
On comparing grades 1þ 2 (19 cases) and grade 3 (6
cases), a significant difference was observed be-
tween the 2 groups (P ¼ 0.0420). Furthermore, on
comparing grade 1 (14 cases) and grades 2 þ 3 (11
cases), a significant difference was also observed (P
¼ 0.0204).

The tumor diameter reduction rates (expressed as
mean 6 SD) using CT for each grade (1, 2, and 3)
were as follows: grade 1, 64.9% 6 29.1%; grade 2,
65.8% 6 28.9%; and grade 3, 54.8% 6 32.0%. No
significant difference in reduction rate was observed
between grades 1 and 2 (P¼ 0.9543), grades 2 and 3

(P ¼ 0.5674), and grades 1 and 3 (P ¼ 0.4960). On
comparing the reduction rates for grades 1 þ 2 (19
cases) and grade 3 (6 cases), no significant difference
was observed (P¼ 0.4540); upon comparing grade 1
(14 cases) and grades 2þ 3 (11 cases), no significant
difference was observed (P ¼ 0.6681).

Furthermore, to predict if subjects were respond-
ers or nonresponders in terms of postoperative
histologic effects using the SUVmax reduction rate,
a receiver operating characteristic curve was plotted
to estimate a cutoff value (Figs. 2 and 3). When
grade 3 patients were identified as responders and
grades 1 and 2 as nonresponders, the cutoff value
was set at an SUVmax reduction rate of 85%; in
detecting responders, the sensitivity and specificity
were 83.3% and 78.9%, respectively, with an area
under the curve (AUC) value of 0.833 (Fig. 2). When
grades 2 and 3 were identified as responders and
grade 1 as nonresponders, the cutoff value was set at
an SUVmax reduction rate of 78%, and in detecting
responders the sensitivity and specificity were
81.8% and 71.4%, respectively, with an AUC value
of 0.776 (Fig. 3).

Discussion

In recent years, an increase in the rate of breast
preservation has come to be expected because of
tumor reduction using NAC for locally advanced
breast cancer.1–3 In addition, a relationship between
pathologic evaluation following NAC and the
postoperative survival rate has been indicated.6,7

Rastogi et al8 reported that patients that achieved a
pathologic complete response (pCR) after NAC had
a higher disease-free survival rate and overall
survival rate than patients who did not. Thus, it is
very important to accurately determine the effects of
NAC.

Modalities used in the evaluation of the effects of
NAC include conventional morphologic diagnostic
imaging such as mammography, ultrasound, CT,
and MRI. These modalities allow the tumor reduc-
tion rate to be measured following completion of
NAC to determine therapeutic outcomes. Vinni-
combe et al9 carried out a comparative study of the
effects of NAC using pathologic evaluation, mam-
mography, or MRI; they reported that MRI was the
most accurate of the three modalities. In another
comparative study of the effects of NAC using
mammography, ultrasound, CT, or pathologic eval-
uation, Kanazawa et al10 found a significant corre-
lation between CR and pCR using CT. However,
after NAC, the disappearance of tumor cells and the

Table 1 Patient characteristics

Characteristics Number of patients (%)

Total number of patients 25
Age, y

Mean 48.6
Range 34~67

TNM stage before chemotherapy
IIA 10 (40)
IIB 10 (40)
IIIA 3 (12)
IIIB 0
IIIC 2 (8)

Estrogen receptor status
Positive 16 (64)
Negative 9 (36)

Progesterone receptor status
Positive 11 (44)
Negative 14 (56)

HER2 status
Positive 8 (32)
Negative 12 (48)
Not evaluable 5 (20)

Histopathological type
Ductal 24 (96)
Lobular 1 (4)

Grade
Grade 1 14 (56)
Grade 2 5 (20)
Grade 3 6 (24)
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transformation to granular or fibrous tissue could be
seen on ultrasound examination at low echo
intensities and in weakly enhancing regions on CT,
and could easily give false-positive results.10

It is impossible to distinguish between tumor
fibrosis caused by chemotherapy and residual lesions
using morphologic diagnostic imaging.4 In recent
years there have been many reports describing the
evaluation of NAC using FDG-PET/CT.4,11–25 FDG-
PET diagnostic imaging involves the simultaneous
uptake of FDG and glucose. Unlike conventional
morphologic diagnostic imaging, FDG-PET is a
functional diagnostic imaging technique that quanti-
fies and evaluates cancer cell activity by measuring
the SUVmax reduction rate before and after chemo-
therapy.

In our study, we performed FDG-PET/CT scans
before and after NAC to calculate the SUVmax
reduction rate using FDG-PET and the reduction
rate of the maximum tumor diameter using CT, and
compared them with postoperative pathologic find-
ings. With regard to the SUV value on FDG-PET, we

noted a significant difference between patients with
grades 1 and 3 therapeutic responses. Furthermore,
on comparing the two groups, we observed a
significant difference between grades 1 þ 2 and
grade 3, and between grade 1 and grades 2 þ 3.

With regard to the reduction rate of the maximum
tumor diameter on CT, grade 2 therapeutic respond-
ers showed the highest reduction rate. However,
there was no significant difference in the reduction
rate of the maximum tumor diameter observed.
Thus, we believe that in FDG-PET examinations, the
use of a relative value such as the SUVmax reduction
rate is useful in the evaluation of chemotherapy.

Avril et al23 evaluated the accuracy of FDG-PET
diagnostic imaging in breast cancer and reported a
rate of 68.2% for pT1, 91.9% for pT2, and 100% for
pT3, depending on the tumor size; they also noted
that small tumors such as pT1 were difficult to
detect on PET scans. In case 11 in their study, the
tumor had almost disappeared on CT following
NAC, and may not have been detectable on FDG-
PET since the lesion was small.

Table 2 Details of clinical, CT, and FDG-PET parameters before and after chemotherapy and correlation with pathologic response

Patient no. Stage

Size of
tumor on

CT pre-chemo,
mm

Size of
tumor on

CT post-chemo,
mm

Tumor
reduction

rate, %

SUV on
FDG-PET
pre-chemo

SUV on
FDG-PET

post-chemo

SUVmax
reduction
rates, %

Chemotherapy
response on

FDG-PET/CT
Pathological

response

1 IIB 27 20 25.9 4.9 1.4 71.4 PR 1
2 IIA 29 12 58.6 5.1 1.9 62.7 CR 1
3 IIB 46 9 80.4 11.1 1.5 86.5 CR 1
4 IIIA 35 12 65.7 9.6 3 68.8 PR 1
5 IIA 26 3 88.4 3.2 1.7 46.9 CR 1
6 IIB 43 3 93 9.8 1.9 80.6 CR 1
7 IIB 33 3 90.9 11 1.4 87.3 CR 1
8 IIA 27 25 7.4 6.6 1.5 77.3 PR 1
9 IIB 55 18 67.3 6.6 2.5 62.1 CR 1
10 IIA 22 10 54.5 4.5 1.5 66.7 PR 1
11 IIB 23 3 87 11.8 1.3 89 CR 1
12 IIB 27 3 88.9 4.1 1.1 73.2 CR 1
13 IIB 60 50 16.7 6.6 4.7 28.8 PR 1
14 IIA 20 3 85 3.9 1.4 64.1 CR 1
15 IIIC 50 3 94 9.3 2 78.5 CR 2
16 IIA 35 3 91.4 10.1 1.4 86.1 CR 2
17 IIA 28 10 64.3 5.7 1.2 78.9 CR 2
18 IIA 13 10 23.1 2.5 0.8 68 CR 2
19 IIB 23 10 56.5 8.8 1.4 84.1 CR 2
20 IIIC 24 10 58.3 3.9 1.4 64.1 CR 3
21 IIB 21 3 85.7 6.8 1 85.3 CR 3
22 IIIA 22 16 27.3 13.5 1.3 90.4 PR 3
23 IIA 27 10 63 10.4 0.6 94.2 CR 3
24 IIA 24 3 87.5 15.6 1.1 92.9 CR 3
25 IIIA 28 26 7.1 12.1 1.3 89.3 PR 3

CR, complete response; CT, computed tomography; FDG-PET, [18F]fluorodeoxyglucose positron emission tomography; post-chemo,
postchemotherapy; PR, partial response; pre-chemo, prechemotherapy; SUV, standard uptake value; SUVmax, maximum standard
uptake value.
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Fig. 1 Axial CT, PET, and PET/CT images of prechemotherapy (upper row) and postchemotherapy (lower row) used in the evaluation

of patient 25. Almost no change in tumor diameter was observed before (28 mm) and after (26 mm) NAC (reduction rate: 7.14), but a

clear reduction in the SUVmax was observed (before NAC, 12.1; after NAC, 1.3; reduction rate, 89.25). Postoperative histologic findings

revealed some inflammatory cells, the appearance of macrophages, edematous changes, and mild degeneration; the therapeutic

response was determined to be grade 3. Although the tumor persisted on CT, tumor cell activity (viability) was almost nil,

demonstrating the usefulness of FDG-PET.

Table 3 Comparison of SUVmax reduction rates between each grade of therapeutic response

Number of patients SUVmax reduction rate (mean 6 SD) P value

Grade 1 14 0.689 6 0.164 Grade 1 versus Grade 2 P ¼ 0.2018
Grade 2 5 0.791 6 0.070 Grade 2 versus Grade 3 P ¼ 0.2641
Grade 3 6 0.860 6 0.112 Grade 1 versus Grade 3 P ¼ 0.0325

SUVmax, maximum standard uptake value.
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In the current study, we plotted a receiver

operating characteristic curve and set an SUV

reduction rate cutoff rate to predict a histologic

response. In a manner similar to the present study,

Kim et al4 comparatively studied the SUV reduction

rate and postoperative histologic findings before

and after NAC. When the cutoff value was set at

79% in diagnosing patients as responders or

nonresponders, these authors noted a sensitivity of
85.2% and specificity of 82.6%.4 Similar sensitivity
and specificity findings were obtained in the present
study.

The criteria for histologic evaluation of therapeu-
tic effects differed between our study and that of
Kim et al.4 These authors divided the histologic
evaluation of therapeutic effects into 3 groups (pNR:
no effect; pPR: gross or microscopic residual tumor;
and pCR: disappearance of tumor cells), with pPR
and pCR indicating a responder and pNR a
nonresponder. We classified our evaluations into
grades 1 to 3 in accordance with the Clinical Practice
Guidelines on Treating Breast Cancer published by
the Japanese Breast Cancer Society. We also deter-
mined cutoff values when grade 3 indicated a
responder and grades 1 and 2 a nonresponder, and
when grades 2 and 3 indicated a responder and
grade 1 a nonresponder. In this way, when the
histologic evaluation was consistent, the cutoff
value may have differed.

Table 4 Comparison of SUVmax reduction rates between the two

therapeutic response groups

Number of
patients

SUVmax reduction
rates (mean 6 SD) P value

Group 1
Grade 1þ2 19 0.716 6 0.164 0.042
Grade 3 6 0.860 6 0.112

Group 2
Grade 1 14 0.689 6 0.164 0.0204
Grade 2þ3 11 0.829 6 0.098

SUVmax, maximum standard uptake value.

Fig. 2 When grade 3 subjects were identified as responders and grades 1 and 2 as nonresponders, the cutoff value was set at an

SUVmax reduction rate of 85%. In detecting responders, the sensitivity and specificity were 83.3% and 78.9%, respectively. The AUC

was 0.833.
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In 1993, Wahl et al11 reported that tumor cell
activity represented by FDG uptake was reduced
before the tumor shrank in chemotherapy for breast
cancer. They carried out FDG-PET and mammogra-
phy on 11 breast cancer patients undergoing their
first, second, and third course of chemotherapy. They
comparatively studied the tumor diameter reduction
rate on mammography and postoperative histologic
findings regarding the SUVmax reduction rate. In the
8 patients judged as having a postoperative histologic
response, it was noted that a reduction in SUV
commenced from day 8 of the first course of
chemotherapy.11 Subsequently, several studies have
conducted FDG-PET during chemotherapy for breast
cancer, and also evaluated the early effects of
chemotherapy using this modality.13–16,18–22 If the
effects of chemotherapy can be evaluated early,
patients who do not respond to treatment can be
extracted early, allowing for the regimen to be altered
or discontinued so that unnecessary chemotherapy
can be avoided.

Rousseau et al15 conducted a study on 64 breast
cancer patients and claimed that FDG-PET/CT
should be carried out after the second course of
NAC. They also reported that if the SUVmax
reduction rate had a cutoff value of 40% after the
second course, in diagnosing responders and non-
responders the sensitivity, specificity, and accuracy
rates were 89%, 95%, and 87%, respectively. A study
involving 104 breast cancer patients who underwent
FDG-PET scans after the first and second NAC
course reported that if the SUVmax reduction rate
after the first course of NAC had a cutoff value of
45%, then responder detection had a sensitivity and
specificity of 73% and 63%, respectively; if the SUV
reduction rate after the second course of NAC was
55%, then sensitivity and specificity were 69% and
63%, respectively.19 A study conducted on 34 breast
cancer patients and involving FDG-PET scans after
the second course of NAC found that if the SUV
reduction rate had a cutoff value of 50%, then
sensitivity, specificity, and accuracy rates were

Fig. 3 When grade 2 and 3 patients were identified as responders and grade 1 as nonresponders, the cutoff value was set at an SUVmax

reduction rate of 78%. In detecting responders, the sensitivity and specificity were 81.8% and 71.4%, respectively. The AUC was 0.776.
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100%, 30%, and 44%, respectively, in diagnosing
responders and nonresponders.22

While there have been a considerable number of
reports that have discussed whether FDG-PET
should be carried out to evaluate the effects of
chemotherapy after each course, the prevailing
opinion is that it should only be carried out after
the first and second courses. However, the cutoff
value for the SUV reduction rate regarding the
diagnosis of responders and nonresponders varies
in different reports. The main reason for this is that
the histologic criteria used to evaluate therapeutic
effects vary in different studies. The Miller-Payne,
Honkoop, and Stalatoff criteria are commonly used
in these evaluations. Rousseau et al15 used the
Sataloff criteria, Schwarz-Dose et al19 used the
Honkoop criteria, and Martoni et al22 used the
Miller-Payne criteria to conduct histologic evalua-
tions of therapeutic effects. Moreover, Martoni et al22

not only evaluated the therapeutic effects on the
main lesion, but also took into consideration the
effects on axillary lymph nodes.

In the future, when carrying out early evaluations
on the effects of NAC by means of FDG-PET scans,
we will need to standardize the histologic evalua-
tion criteria as well as whether the effects on axillary
lymph nodes should be included. We should also
include more subjects in future studies.

Conclusion

This study demonstrated the predictive value of
FDG-PET for the assessment of the histologic
response of primary breast cancer after NAC.
However, the optimum cutoff value for the SUV
reduction rate is still not clearly defined. So, we will
need to standardize the histologic evaluation crite-
ria.
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