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Purpose: PET/CT is useful in preoperative evaluation of invasive breast cancer (IBC] to predict axillary metastasis and
staging workup. The usefulness is unclear in cases of ductal carcinoma in situ (DCIS) diagnosed at biopsy before surgery,
which sometimes is upgraded to IBC after definitive surgery. The aim of this study is to find out the usefulness of PET/CT
on DCIS as a preoperative evaluation tool.

Methods: We investigated 102 patients preoperatively diagnosed with DCIS who subsequently underwent definitive surgery
between 2010 and 2015. The uptake of °F-fluorodeoxyglucose was graded by visual and semiquantitative methods.
We analyzed the maximum standardized uptake value (SUVmax] of each patient with clinicopathologic variables. We
determined optimal cutoff values for SUVmax by receiver operating characteristic curve analysis.

Results: Fifteen cases out of 102 cases (14.7%) were upgraded to IBC after surgery. The SUVmax was higher in patients
upgraded to IBC (mean: 2.56 vs. 1.36) (P = 0.007). The SUVmax was significantly higher in patients who had symptoms,
palpable masses, lesions over 2 cm in size and BI-RAD category 5. Both visual and semiquantitative analysis were
significant predictors of IBC underestimation. SUVmax of 2.65 was the theoretical cutoff value in ROC curve analysis in
predicting the underestimation of IBC. The underestimation rate was significantly higher in patients with SUVmax >2.65 (P
< 0.001), over the moderate enhanced uptake on visual analysis (P < 0.001).

Conclusion: PET/CT can be used as a complementary evaluation tool to predict the underestimation of DCIS combined with

the lesion size, palpable mass, symptomatic lesion, and BI-RAD category.

[Ann Surg Treat Res 2018;94(2):63-68]
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Underestimation

INTRODUCTION

About 14% of total breast cancer patients were newly
diagnosed with ductal carcinoma in situ (DCIS) in Korea, and
the incidence rate of DCIS has consistently increased every year
[1]. DCIS is defined by malignant epithelial cells confined to
the ductal system of the breast without invasion through the
basement membrane into the surrounding stroma [2]. Axillary
lymph node dissection (ALND) is not recommended for

patients who are diagnosed with DCIS. After definite surgery,
the final diagnosis is often upgraded to invasive breast cancer
(IBC), thus, it is strongly recommended that patients undergo
ALND or sentinel lymph node biopsy (SLNB).

For this reason, several studies have attempted to determine
the preoperative clinical, radiologic, or pathologic risk factors of
invasive cancer to avoid additional surgical treatment. However,
there is still no consensus as to what the correct predictive
factors are based on previous studies of the issue [3,4].
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"*F-fluorodeoxyglucose (°F-FDG) PET/CT has been used
to detect various types of malignant tumors and to evaluate
biological aggressiveness. Many studies have reported
that the level of standardized uptake value (SUV) in IBC is
strongly correlated with clinicopathological parameters and
prognostic factors. Few studies have examined the association
between the level of SUV and the underestimation of IBC in
preoperatively diagnosed DCIS patients [5,6]. We therefore
proposed to evaluate visual and semiquantitative assessments
of "“F-FDG PET/CT to find out the usefulness of "°F-FDG PET/CT
on DCIS patients as a preoperative evaluation tool.

METHODS

Patients
Among 144 patients preoperatively diagnosed with DCIS

who subsequently underwent definitive surgery between
May 2010 and April 2015, we analyzed 102 cases who had
received preoperative “F-FDG PET/CT retrospectively. All of the
patients were asked about their medical history, and received
physical examinations, diagnostic mammographies, and
ultrasonographic examinations. For the preoperative diagnostic
procedure, ultrasound-guided core needle biopsies, ultrasound-
guided vacuum-assisted breast biopsies (VABB), and excisional
biopsies were performed according to the patient's symptoms
and physician's choice. The clinicopathological variables,
definitive treatments, and associated outcomes were reviewed
in the hospital database. The surgical specimens were cut into
serial sections of 5-mm thickness, and the final diagnoses were
determined based on the results of immunohistochemistry
analysis. This study was approved by Inje University Busan
Paik Hospital Institutional Review Board (approval number: 16-
0131) which waived the requirement for informed consent from
individual patients because this study was a retrospective review
of a patient database.

"F-FDG PET/CT
"F-FDG PET/CT images were obtained using a Discovery

PET/CT scanner (GE Healthcare, Chicago, IL, USA). Before
administration of 3-5 MBq/kg of "*F-FDG, patients fasted for
at least 6 hours to ensure a serum glucose level of less than
150 mg/dL. Sixty minutes after administration of *F-FDG,
PET images were obtained containing 3.3-mm axial section
CT scans and 1.25-mm section images were performed in the
craniocaudal direction — the parameters were set to 120 kVp
and 50 mAs using dose reduction software. *F-FDG PET/CT was
acquired with a 2z-minute emission acquisition per bed position
from the mid-thigh to the skull base. CT images were used as a
transmission map for attenuation correction, and PET images
were reconstructed using a conventional iterative algorithm
(ordered subsets expectation-maximization, 2 iterations and 8

subsets with time of flight technique).

Imaging assessment
The ""F-FDG PET/CT scans were analyzed visually and

semiquantitatively by the same person who performed the CT
examinations. Lesions on CT images were localized at the time
of analysis. The intensity of "*F-FDG uptake by breast lesions
relative to the background activity in the uninvolved adjacent
breast parenchyma and the mediastinum was assessed visually,
and the intensities were scored with a 4-point scale (none, faint,
moderate, or high) as follows: none, not visible on the image
display; faint, less intense than mediastinal activity; moderate,
same in intensity to mediastinal activity; and high, more intense
than mediastinal activity. For semiquantitative analysis, a 10-
mm?’ circular volume of interest (VOI) was placed over the area
exhibiting the peak tracer activity. This VOI was used to derive
maximum standardized uptake values (SUVmax). The SUV was
calculated using the following formula: SUV = activity in region
of interest (MBg/mL) / injected dose (MBg/kg body weight).
The SUVmax of breast was measured on a PET/CT data set. The
SUVmax was defined as the maximum SUV in the VOL

Statistical analyses
Data was expressed as median, range, and mean = standard

deviation. Comparisons between the baseline variables were
made with the independent t-test for continuous variables
and the Pearson chi-square test for categorical variables. Recei-
ver operating characteristic (ROC) curves were conducted to
determine the optimal cutoff values for detecting underestima-
tion of invasive breast cancer and confirming axillary lymph
node metastasis. The sensitivity, specificity, and positive and
negative predictive values were determined at the optimal
cutoff values by use of the ROC curves. All statistical tests
were performed 2-sided, and a P-value < 0.05 was considered
statistically significant.

RESULTS

Characteristics of the 102 patients included in this study are
presented in Table 1. The mean age at diagnosis was 49.0 years
(range, 27-82 years). In 7 patients (6.9%), core needle biopsies
were performed as preoperative diagnoses. Thirty-eight
patients (37.3%) underwent vacuum assisted breast biopsies
and 57 patients (55.8%) underwent excision biopsies. Of the
57 patients who underwent excisions, 22 patients underwent
needle localized excisions due to clustered microcalcifications
visible on the mammography, and 4 patients underwent
microdochectomies due to bloody nipple discharge.

Fifteen patients (14.7%) were diagnosed with IBC at final
surgery. We evaluated the association between clinicopatholo-
gical variables and the SUVmax of the tumor (Table 2). The
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Table 1. Patients characteristics

Characteristic Value
Preoperative

Age (yr) 49.6 (27-82)
Presentation

Screening detected 70 (29.4)

Symptomatic 32 (70.6)
Palpable

Yes 23 (22.5)

No 79 (77.5)
Lesion size (cm) 1.8 (0.3-7.0)

>2 30 (29.4)

<2 72 (70.6)
BI-RADS category

3,4 97 (95.1)

5 5(4.9
Biopsy procedure

Core needle biopsy 7 (6.9)

Vacuum-assisted biopsy 38 (37.3)

Excisional biopsy 57 (55.8)
Nuclear grade

1,2 56 (54.9)

3 46 (45.1)
Comedo necrosis

Yes 39 (38.2)

No 63 (61.8)
SUVmax 1.54 (0-8.2)
Axillary FDG uptake

Positive 20 (19.6)

Negative 82 (80.4)
Visual analysis

None & faint 72 (70.6)

Moderate 17 (16.7)

High 13 (12.7)
Resection procedure

Breast conserving surgery 64 (62.7)

Mastectomy 34 (33.3)

Nipple sparing mastectomy 4(3.9)
Axillary lymphnode staging

Sentinel L/N biopsy 38(37.3)

Axillary L/N dissection 61 (59.8)

Not done 3(2.9)

Postoperative

Pathology

DCIS 15 (14.7)

IBC 87 (85.3)
Axillary L/N metastasis 6(5.9)

Values are presented as mean (range) or number (%).

BI-RADS, Breast Imaging Reporting and Data System; SUVmax,
maximum standardized uptake value; FDG, fluorodeoxyglucose;
L/N, lymph node; DCIS, ductal carcinoma in situ; IBC, invasive
breast carcinoma.

SUVmax was significantly higher in the patients who had
symptoms, palpable masses (P = 0.001, P < 0.001), a lesion over
2 cm in size (P < 0.001), and BI-RAD category 5 (P = 0.049).

Table 2. Comparison of clinicopathological variables according
to SUVmax

SUVmax
Variable P-value
Mean 95% ClI
Preoperative

Presentation
Screening detected  1.206 0.862-1.549 0.001
Symptomatic 2.285 1.667-2.903

Palpable
Yes 2.590 1.823-3.356 <0.001
No 1.240 0.921-1.559

Lesion size (cm)
>2 2.766 2.066-3.466 <0.001
<2 1.035 0.764-1.307

BI-RADS category
3,4 1.472 1.156-1.789 0.045
5 2.944 0.685-5.203

Nuclear grade
1,2 1.558 1.156-1.789 0.925
3 1.528 0.685-5.203

Comedo necrosis
Yes 1.749 1.202-2.295 0.314
No 1.418 1.027-1.809

SUVmax, maximum standardized uptake value; Cl, confidence
interval; BI-RADS, Breast Imaging Reporting and Data System.

Table 3. Underestimation rate compared with biopsy methods

Postoperative pathology

Biopsy procedure sz
DCIS(n=87) IBC(n=15 (=102
Core needle 4 (57.1) 3(42.9) 7 (6.9)
Vacuume-assisted 34 (89.5) 4 (10.5) 38(37.3)
Excision 49 (86.0) 8 (14.0) 57 (55.9)

Values are presented as number (%).
DCIS, ductal carcinoma in situ; IBC, invasive breast carcinoma.

There were no significant SUVmax differences with regard
to nuclear grades and comedo necrosis. The upgrade rate by
biopsy method was highest with core needle biopsies (42.9%)
as compared with vacuum assisted breast biopsies (10.5%) and
excision biopsies (14%) (Table 3). The SUVmax was higher in the
patients upgraded to IBC (mean: 256 vs. 1.36), (P = 0.007).

A SUVmax of 2.65 was the theoretical cutoff value in ROC
curve analysis in predicting the underestimation of IBC (Fig. 1).
The underestimation rate was significantly higher in patients
with a SUVmax > 2.65 (P < 0.001), over moderate enhanced
uptake on visual analysis (P < 0.001), and positive axillary
FDG uptake (P = 0.032) (Table 4). The sensitivity, specificity,
and positive and negative predictive values of SUVtumor
(>2.65), visual analysis over the moderate grade were 66.7%,
81.6%, 38.4% and 93.4%, and 66.7%, 77.0%, 33.3% and 93.1%,
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respectively. When SUVmax was added to clinical risk factors
such as symptom presentation, palpability, and more than
2-cm-sized lesion, area under curve increased from 67% to 78%
in multiple logistic regression analysis (Table 5).

We undertook 64 breast conserving surgeries (62.7%), 34
mastectomies (33.3%), and 4 nipple sparing mastectomies. Of 15
patients who were diagnosed with IBC, 6 patients were detected
to have axillary lymph node involvement.

DISCUSSION

This study showed that *F-FDG PET/CT would be helpful
in predicting IDC in patients diagnosed with DCIS. The
underestimation rate was significantly higher in patients with
a SUVmax > 2.65 and patients with over moderate uptake and
positive axillary FDG uptake on visual analysis.

It is widely accepted that axillary lymph node staging
operation (ALND or SLNB) is not necessary during definitive
surgery in pure DCIS patients. However, a proportion of DCIS
patients are upgraded to IBC after definitive surgery because
preoperative biopsies cannot represent the whole lesion [7,8].
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Fig. 1. Receiver operating characteristic curve of maximum
standardized uptake valvue (SUVmax) for predicting
underestimation of invasive breast cancer. Optimal cutoff of
SUVmax was 2.65 (n = 102).

ALND sometimes leads to arm lymphedema, though less
frequently in SLNB. Therefore, it would be more ideal to avoid
axillary staging operations when we can reveal that the primary
breast lesion is pure DCIS.

The DCIS underestimation rate of preoperatively diagnosed
patients showed a widely variable range depending on
imaging modality, needle gauges, and biopsy procedures. DCIS
underestimation rates of 11%-59% have been reported and a
meta-analysis study identified that the random-effects pooled
estimate was 25.9% [4,9-11]. The overall DCIS underestimation
rate of our study was 14.7% (15 of 102). This rate was relatively
lower than other studies. The reason is that our study
contained a large proportion of VABB and excisional biopsies.
Underestimation of IBC is known to be lower in VABB and
excisional biopsies in which the volume of biopsy is much
higher than that of core needle biopsies.

Much effort has been made to determine the key factors
in predicting the underestimation of IBC, such as analyzing
clinicopathologic factors, sonography, and MRL Many studies
have reported that the underestimation of IBC was associated

Table 4. Comparison of SUVmax, axillary FDG uptake, and
visual analysis between DICS and IBC

Postoperative
pathology

Variable Total P-value
DCIS IBC
SUVmax
<2.65 71(93.4) 5(6.6) 76(74.5) <0.001
>2.65 16 (61.5) 10(38.5) 26 (25.5)
Axillary FDG uptake
Positive 14 (70.0) 6(30.0) 20(19.6) 0.032
Negative 73(89.0) 9(11.0) 82 (80.4)
Visual analysis
None & faint 67 (93.1) (6.9) 72(70.6) <0.001
Moderate 15(88.2) 2(11.8) 17(16.7)
High 5(38.5) 8 (61.5) 13(12.7)

Values are presented as number (%).
SUVmax, maximum standardized uptake value; Cl, confidence
interval; BI-RADS, Breast Imaging Reporting and Data System.

Table 5. Multiple logistic regression analysis of clinical risk factors with and without SUVmax on the underestimation of

IBC

Variable Odds ratio (95% Cl)

1.058 (0.113-9.926)
Palpable, yes/no 3.122 (0.311-31.349)
Lesion size, >2 cm 1.390 (0.367-5.269)
SUVmax, >2.6 -

AUC (95% ClI) 0.669 (0.569-0.759)

Presentation, yes/no

P-value Odds ratio (95% Cl) P-value
0.961 0.917 (0.085-9.944) 0.943
0.334 2.066 (0.172-24.870) 0.567
0.628 0.565 (0.122-2.607) 0.464
- 9.270 (2.076-41.391) 0.004
(

0.779 (0.686-0.855)

SUVmax, maximum standardized uptake value; IBC, invasive breast carcinoma; Cl, confidence interval; FDG, fluorodeoxyglucose;

AUC, area under cure.
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with preoperative clinical, radiologic or pathologic variables
[12]. A higher underestimation rate was significantly related to
symptoms, lesion palpability, thin biopsy devices, high BI-RADS
scores, high nuclear grades, and comedo necrosis. Our study
showed that upgraded rates of IBC were significantly higher in
patients with symptoms, palpable masses, a lesion size of over 2
cm, and high BI-RAD scores. However, there were no significant
difference with nuclear grade and comedo necrosis. These
variables related to underestimation are insufficient to skip the
ALND or SLNB in patients diagnosed with DCIS preoperatively
because they lack objectivity. To supplement this problem,
recent studies have focused on the clinical significance of the
biological aggressiveness of DCIS,

"®F-FDG PET/CT is an imaging tool, which can evaluate the
glucose metabolism of tumors. It, therefore, is widely used
for diagnosing tumors, assessing treatment responses, and
patient follow-up in various kinds of tumors including breast
cancer. Furthermore, metabolic parameters such as SUVmax,
metabolically active tumor volume, and total lesion glycolysis
indicating the glucose metabolism of tumors are known as
independent prognostic factors [5,13]. Previous studies have
revealed that the high level of SUVmax was significantly
associated with large tumor size, lymph node involvement,
high nuclear grade, lymphovascular invasion, negative hormone
receptor status, and positive HER2 status in IBC patients. Thus,
the SUVmax of *F-FDG PET/CT has been a poor prognostic
factor [14,15].

Many studies have placed more emphasis on IBC rather
than DCIS. Recently, Shigematsu et al. [16] conducted a study
that showed "F-FDG PET/CT played a major role in predicting
the underestimation of IBC in cases of DCIS at needle biopsy.
They showed that a high SUVmax was significantly related to
symptomatic presentation, palpation, mass formation, high
BI-RADS scores, and core needle biopsy. They concluded that
SUVmax is a significant predictive factor of the underestimation
of IBC. This finding is similar to our results and our study
shows there were no significant differences with nuclear grade
and comedo necrosis. When a proper cutoff value on *F-FDG
PET/CT was identified using an ROC curve, high SUVmax
values had a strong influence on predicting underestimation
of IBC including conventional clinical risk factors, such as
symptomatic presentation, palpability and larger lesion size.
Our optimal SUVmax cutoff value on ROC curve for predicting
underestimation of IBC was 2.65. SUVmax of more than 2.65

was the only significant predictive value of underestimation of
IBC, and clinical risk group with SUVmax had more influence
on predicting underestimation of IBC than without SUVmax
in multiple logistic regression analysis. Our SUVmax cutoff
value was higher than in other studies. In our institution, VABB
and excisional biopsies were performed more frequently to
achieve correct diagnosis. VABB and excisional biopsies increase
inflammatory reaction after procedure and cause increases in
SUVmax values.

In general, *F-FDG PET/CT scans had been analyzed visually
and semiquantitatively. Visual and semiquantitative (SUVmax)
assessments can differentiate malignant from benign lesions
equally regarding other organs [17,18]. We therefore added
visual analysis as a qualitative method and axillary FDG
uptake to increase the negative predictive value, Because breast
physiological activities are variable according to the patient, we
attempted to assess the visual analysis by comparing it with
normal parenchymal activity. There were no underestimated
cases below the moderate uptake cases. Qualitative assessments
by visual analysis would also be a useful predictive factor in the
underestimation of IBC.

Our study has some limitations. First, our current study
was a retrospective review. Second, a relatively small sample
size at a single institution was examined. Therefore, further
investigation will be required to include a larger sample size
at multiple institutions prospectively. Finally, there was the
limitation of using "*F-FDG PET/CT on DCIS patients. Using
"F-FDG PET/CT on DCIS patients is currently still open to
dispute. Therefore, further prospective studies are necessary to
establish the proper indications among the clinicopathological
risk factors.

In conclusion, '*F-FDG PET/CT can be a complementary
diagnostic tool in predicting the underestimation of IBC in
preoperative DCIS patients. Especially high SUVmax values with
symptom presentation, palpability, and larger lesion size can
help clinicians decide whether these patients should undergo
ALND. SUVmax can vary depending on preoperative diagnostic
methods, so further studies are necessary to establish the
appropriate cutoff value of SUVmax on "*F-FDG PET/CT.
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