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Abstract

Background: Accurate preoperative detection of the invasive components of ductal carcinoma in situ (DCIS) is essential for an ap-
propriate treatment. 18F-fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/CT) scan, which can
indicate the metabolic activity and aggressiveness of breast cancer, may be used as one of the predictors of the invasive components
of DCIS in needle biopsy.
Objectives: To determine whether the FDG-PET/CT findings are associated with the histological upgrade of DCIS in biopsy.
Methods: In this retrospective cohort, we reviewed 165 cases of DCIS in 162 patients, who underwent preoperative FDG-PET/CT exam-
inations between April 2008 and September 2015. The clinicopathological characteristics and FDG-PET/CT findings of the patients
were compared with respect to cancer invasion. The predictors of DCIS upgrade to invasive cancer were also examined. Moreover,
the diagnostic performance of visual and semi-quantitative analyses of FDG-PET/CT in predicting invasion was compared. The semi-
quantitative analyses were based on the maximum standardized uptake value (SUVmax), divided by the cutoff point in a receiver
operating characteristic (ROC) curve analysis.
Results: The final pathological findings indicated 119 cases of pure DCIS and 46 cases of DCIS with invasion. The optimal SUVmax

threshold was 1.9 in the ROC curve analysis. Young age, high SUVmax, positivity in the visual analysis of FDG-PET/CT, and large patho-
logical tumor size were significantly more frequent in the DCIS + invasion group. The significant predictors of DCIS histological
upgrade were age (P = 0.011), SUVmax (P < 0.001), visual analysis of FDG-PET/CT (P = 0.004), and pathological tumor size (P = 0.003)
in the univariate analysis. In the multivariate analysis, the SUVmax (odds ratio [OR] = 3.31, P = 0.003) and tumor size (OR = 1.20, P =
0.022) were significant when the model included the SUVmax, age, and size (model 1). On the other hand, age (OR = 0.96, P = 0.032),
visual analysis (OR = 4.67, P = 0.006), and tumor size (OR = 1.25, P = 0.005) were significant predictors when the model included vi-
sual analysis, age, and size (model 2). The sensitivity was significantly higher in the visual analysis, whereas the specificity, positive
predictive value (PPV), and accuracy were significantly higher in the semi-quantitative analysis.
Conclusion: FDG-PET/CT is a potentially useful imaging tool to predict the upgrade of DCIS to invasive cancer.

Keywords: Breast Cancer, 18F-fluorodeoxyglucose (FDG)-Positron Emission Tomography/Computed Tomography

1. Background

Ductal carcinoma in situ (DCIS) is one of the precursor
lesions for invasive breast cancer. The frequency of DCIS
has been increasing due to the widespread use of mam-
mography screening and technical improvements (1-3).
However, a considerable number of patients who are con-
firmed as DCIS in preoperative biopsy (0 - 37%) upgrade to
invasive carcinoma, based on the final surgical pathologi-
cal findings (4-6). Therefore, accurate diagnosis of the inva-
sive components of DCIS is essential for appropriate surgi-
cal planning, including axillary lymph node (LN) staging.

Besides, overdiagnosis and overtreatment are emerging is-
sues in DCIS patients diagnosed via breast cancer screen-
ing. Therefore, in patients diagnosed with DCIS through
biopsy, prediction of invasive cancer seems essential for se-
lecting breast cancer treatment options (7, 8).

Multiple studies have been carried out to define the
clinicopathological characteristics associated with an up-
grade to invasive cancer in patients preoperatively diag-
nosed with DCIS (5-7, 9-15). The possible predictors in-
clude the patient’s age, palpability, tumor size, tumor
grade, biopsy method, and some immunohistochemi-
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cal markers. However, there is no consensus regard-
ing the prognostic biomarkers that can be used to pre-
dict DCIS upgrades. Previous studies have demonstrated
an association between the maximum standardized up-
take value (SUVmax) measured with 18F-fluorodeoxyglucose
(FDG)-positron emission tomography/computed tomogra-
phy (PET/CT) and prognostic factors, such as histological
type and grade, immunohistochemical factors, and prolif-
eration index (16-19). It seems that the sensitivity of FDG-
PET/CT is lower for DCIS than invasive ductal carcinoma
(IDC) (1, 20), thereby limiting its diagnostic application for
primary DCIS lesions. Nonetheless, FDG-PET/CT may be a
potential tool for predicting the invasive components of
DCIS in biopsy.

2. Objectives

This study aimed to evaluate whether the SUVmax and
visual analysis of FDG-PET/CT were associated with the his-
tological upgrade of DCIS in needle biopsy.

3. Patients and Methods

3.1. Patients

This retrospective cohort was approved by the insti-
tutional review board; the requirement for obtaining in-
formed consent was waived. By reviewing the medical
database, a total of 204 patients with a preoperative diag-
nosis of DCIS in biopsy and preoperative FDG-PET/CT scan
were identified between April 2008 and September 2015.
The exclusion criteria were as follows: patients who had
not been treated with definitive surgery (n = 13); patients
who had recently undergone an excisional biopsy (n = 7);
and patients with DCIS and IDC at different sites within the
same breast in biopsy, which were not separately described
in the final pathology (n = 3).

During data collection, patients with at least one of the
immunohistochemical parameters missing were excluded
(n = 19). Five patients had two separate DCIS lesions in
their breasts (three bilateral and two unilateral lesions).
The three bilateral lesions were analyzed separately, while
only representative unilateral lesions were included. Fi-
nally, a total of 165 cases (162 patients) were investigated in
this study. The mean interval from biopsy until FDG-PET/CT
scan was 13.6 days (range: 5 - 52 days).

3.2. FDG-PET/CT Protocol

All patients underwent preoperative FDG-PET/CT exam-
inations, using a dedicated breast PET/CT scanner (Bio-
graph Duo or Biograph True Point, Siemens Medical So-
lutions, Knoxville, TN, USA). The patients were asked to

fast for at least six hours before the examinations. After
measuring the serum glucose levels to confirm euglycemia
(blood glucose < 130 mg/dL), 3.7 ~ 5.5 MBq/kg of 18F-FDG
was injected as a saline infusion.

After 60 minutes of post-injection bed rest, the pa-
tients underwent a PET scan. The acquisition time was 2 -
3 minutes per bed position. All patients were in a supine
position with their arms raised during the PET/CT scan. A
non-contrast CT scan was acquired from the orbitomeatal
line to the upper thigh (80 mAs, 130 kV, slice thickness of
5 mm and 50 mAs, 120 kV, and slice thickness of 5 mm,
respectively), immediately followed by the corresponding
PET scan of the same region. The CT data was used for atten-
uation correction, and images were reconstructed, based
on the standard ordered-subset expectation maximization
algorithm.

3.3. FDG-PET/CT Scan Interpretation

FDG-PET/CT scans were retrospectively interpreted by a
nuclear medicine physician with 14 years of experience. All
PET/CT scans were reviewed in a workstation using Syngo
Fusion Package (Siemens Medical Solutions, Knoxville, TN,
USA). Any lesion with FDG uptake greater than the back-
ground parenchymal uptake at the site of pathologically
proven DCIS was defined as positive in the visual analysis.
To find the exact location of the lesion, lesion-by-lesion cor-
relations were examined via conventional imaging. For
the semi-quantitative analysis, the SUVmax of FDG was mea-
sured by placing the regions of interest (ROIs) around the
primary tumor site with perceptible FDG uptake. If no FDG
uptake was perceptible in the visual analysis, the ROI for
the SUVmax was drawn at the location corresponding to the
tumor site, based on the conventional imaging findings. If
the FDG uptake was perceptible in an axillary LN, the case
was regarded as positive for axillary LN metastasis.

3.4. Histopathological Analysis

Percutaneous biopsies were performed for suspicious
lesions found in the previous mammography or US im-
age in all patients before preoperative MRI and FDG-PET/CT
scan for staging. For this purpose, a US-guided 14-gauge
core needle biopsy (CNB) was carried out for 138 cases, and
stereotactic vacuum-assisted biopsy (VAB) was performed
for 27 cases, depending on the physician’s choice (based on
the radiologist’s report).

All patients underwent surgical treatment for DCIS of
the breasts, including breast-conserving surgery (n = 89)
and mastectomy (n = 76). The surgical pathological re-
sults were used as the reference standard. There were
no cases with positive surgical margins. The reviewed
histopathological findings included the size of DCIS lesion,
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the presence of axillary LN metastasis, estrogen receptor
(ER) and progesterone receptor (PR) status, human epider-
mal growth factor receptor type 2 (HER-2) status, Ki-67 in-
dex, and epidermal growth factor receptor (EGFR) status of
the primary tumor, based on the pathological findings. Tu-
mor size was measured as the maximum diameter of the
surgically resected specimen. Immunohistochemistry was
also used to evaluate the expression of molecular markers,
including ER, PR, HER2, Ki-67, and EGFR.

3.5. Statistical Analysis

Continuous variables are expressed as mean ± stan-
dard deviation (SD) and median with range, while cate-
gorical variables are expressed as number and percentage.
To determine if continuous variables were normally dis-
tributed, Kolmogorov-Smirnov test was performed. Only
the patient’s age showed a normal distribution. Compar-
isons between continuous variables were performed using
independent t-test (for patient’s age) or Mann-Whitney U
test (for SUVmax and tumor size), depending on the nor-
mal distribution of data. Different groups were compared
using χ2 test and Fisher’s exact test regarding the biopsy
method; tumor grade on biopsy; high and low SUVmax (di-
vided by the cutoff point); visual analysis of primary tu-
mor and axillary LNs in FDG-PET/CT; axillary LN metastasis
in pathology; ER and PR status; HER2 expression; Ki-67 in-
dex; and EGFR.

Moreover, univariate and multivariate logistic regres-
sion analyses were performed to determine the effects of
independent variables on cancer upgrade to invasion. The
multivariate models were plotted separately for SUVmax

and PET cancer detection, along with factors showing P <
0.05 in the univariate analysis (SUVmax + age + tumor size
in model 1 and PET cancer detection + age + tumor size in
model 2). Besides, the performance of SUVmax and visual
detectability of invasive cancer were compared between
the semi-quantitative analysis (divided by the cutoff point
on the receiver operating characteristics [ROC] curve) and
visual analysis by FDG PET/CT. All statistical analyses were
performed in SAS version 9.3 (SAS Institute Inc., Cary, NC,
USA), and a P-value < 0.05 was considered statistically sig-
nificant.

4. Results

In this study, all patients were female, with a mean age
of 52.7 ± 10.2 years (range: 26 - 82 years). The final pathol-
ogy confirmed pure DCIS in 119 cases (Figure 1), DCIS with
microinvasion in 20 cases, and IDC in 26 cases (Figure 2).
Cases of microinvasion were included in the DCIS + inva-
sion group, with an upgrade rate of 27.9% (46/165). Repre-

sentative cases of pure DCIS and upgrade to invasive cancer
are shown in Figure 1 and Figure 2, respectively.

The optimal SUVmax threshold was 1.9, based on the
ROC curve analysis. The comparison of clinicopathological
characteristics and FDG-PET/CT scan, according to the final
pathological classification, are shown in Table 1. Young age
(P = 0.008), high SUVmax (P < 0.001), positivity in the visual
analysis of FDG-PET/CT (P = 0.002), and large pathological
tumor size (P < 0.001) were significantly more frequent in
the DCIS + invasion group as compared to the pure DCIS
group.

The analysis of predictive factors for DCIS upgrade is
shown in Table 2. An upgrade to invasive cancer was signif-
icantly correlated with age (P = 0.011), SUVmax (P < 0.001),
visual analysis of FDG-PET/CT (P = 0.004), and pathological
tumor size (P = 0.003) in the univariate logistic regression
analysis. In the multivariate analysis of SUVmax, age, and tu-
mor size (model 1), the SUVmax and tumor size were found
to be significant predictors. In the visual analysis with age
and tumor size (model 2), all variables were found to be sig-
nificant predictors.

The area under the curve (AUC) was 0.72 (95% confi-
dence interval [CI]: 0.64 - 0.81) in the semi-quantitative
analysis with SUVmax and 0.62 (95% CI: 0.56 - 0.68) in the
visual analysis of 18F-FDG PET/CT. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value
(NPV), and accuracy of predicting DCIS upgrade to inva-
sive cancer were 78%, 56%, 41%, 87%, and 62% in the semi-
quantitative analysis with SUVmax (cutoff point: 1.9) and
91%, 33%, 34%, 91%, and 49% in the visual analysis of FDG
PET/CT (Table 3). The sensitivity of visual analysis was sig-
nificantly higher than that of the semi-quantitative analy-
sis, whereas the specificity, PPV, and accuracy of the semi-
quantitative analysis were significantly higher than the vi-
sual analysis.

5. Discussion

FDG-PET/CT scan is not commonly recommended for
DCIS patients with a low risk of metastasis. However, we
hypothesized that this modality could be a useful preoper-
ative diagnostic tool to predict the upgrade of DCIS to in-
vasive cancer. The tumor cell number and nodular growth
pattern were associated with FDG-PET/CT (21, 22). Therefore,
the FDG uptake reflects not only the biological aggressive-
ness of a tumor but also the tumor cell density or tumor
burden of DCIS, which is considered to be associated with
invasion (22).

In this study, semi-quantitative anlysis based on SUVmax

and visual analysis based on the reviwer’s visual judgment
were performed. In clinical practice, tumors with a low
SUVmax, such as DCIS, can be visually detected owing to the
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Table 1. Comparison of the Patients’ Clinicopathological Characteristics According to the Final Pathological Classification

DCIS (n = 119) DCIS with invasion (n = 46) P-value

Age (y)

Mean ± SD 54.0 ± 10.5 49.3 ± 8.8 0.008 a

Median (range) 52.5 (26.0 - 82.0) 49.0 (28.0 - 69.0)

Biopsy method

Core needle biopsy 96 (80.7) 42 (91.3) 0.098

Vacuum-assisted biopsy 23 (19.3) 4 (8.7)

Tumor grade

1 & 2 55 (46.2) 14 (30.4) 0.065

3 64 (53.8) 32 (69.6)

SUVmax

Mean ± SD 1.9 ± 1.1 3.2 ± 2.5 < 0.001 a

Median (range) 1.6 (0.7 - 5.6) 2.5 (0.7 - 13.5)

< 1.9 (cutoff point) 67 (56.3) 10 (21.7) < 0.001 a

≥ 1.9 (cutoff point) 52 (43.7) 36 (78.3)

Visual analysis of FDG-PET/CT

Negative 39 (32.8) 4 (8.7) 0.002 a

Positive 80 (67.2) 42 (91.3)

FDG uptake of axillary LNs

Negative 112 (94.1) 42 (91.3) 0.502

Positive 7 (5.9) 4 (8.7)

Pathological size (DCIS) (cm)

Mean ± SD 2.8 ± 2.3 4.1 ± 2.3 < 0.001 a

Median (range) 2.0 (0.2 - 11.3) 3.9 (0.5 - 10.0)

LN metastasis in pathology

Negative 118 (99.2) 44 (95.7) 0.188

Positive 1 (0.8) 2 (4.3)

ER

Negative 42 (35.3) 15 (32.6) 0.745

Positive 77 (64.7) 31 (67.4)

PR

Negative 49 (41.2) 17 (37.0) 0.620

Positive 70 (58.8) 29 (63.0)

HER-2

Negative 63 (52.9) 21 (45.7) 0.401

Positive 56 (47.1) 25 (54.3)

Ki-67

< 14% 62 (52.1) 18 (39.1) 0.135

≥ 14% 57 (47.9) 28 (60.9)

EGFR

Negative 86 (72.3) 33 (71.7) 0.946

Positive 33 (27.7) 13 (28.3)

Abbreviations: DCIS, ductal carcinoma in situ; EGFR, epidermal growth factor receptor; ER, estrogen receptor; FDG-PET/CT, 18F-fluorodeoxyglucose-positron emission
tomography/computed tomography; HER-2, human epidermal growth factor receptor type 2; LN, lymph node; PR, progesterone receptor; SD, standard deviation; SUVmax ,
maximum standardized uptake value.
aP-value shows a significant difference between DCIS and IDC, based on Chi-square or Fisher’s exact test and independent t-test or Mann-Whitney U test.
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Figure 1. A 52-year-old woman with pure ductal carcinoma in situ (DCIS) in the left breast. (A) Axial dynamic enhanced T1-weighted MRI demonstrates a segmental clumped
non-mass enhancement (3.5 cm) (arrows) in the left middle inner part of the breast. (B) The FDG-PET/CT scan shows no discernible FDG uptake in the left middle inner part of
the breast.

Figure 2. A 49-year-old woman with ductal carcinoma in situ (DCIS) upgraded to invasive ductal carcinoma (IDC) in the right breast. (A) Axial dynamic enhanced T1-weighted
MRI demonstrates a heterogeneously enhanced mass (2.1 cm) with an irregular shape and margins (arrow) in the right middle upper part of the breast. (B) The FDG-PET/CT
scan shows focal FDG uptake (arrow) in the right middle upper part of the breast with a maximum standardized uptake value (SUVmax) of 2.9.

Table 3. Comparison of the Diagnostic Performance of Visual and Semi-quantitative Analyses of FDG-PET/CT scan

Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI) Accuracy (95% CI)

Semi-quantitative analysis with
SUVmax (≥ 1.9, cutoff point)

0.78 (0.64-0.89) 0.56 (0.47-0.65) 0.41 (0.31-0.52) 0.87 (0.77-0.94) 0.62 (0.55-0.70)

Visual analysis 0.91 (0.79-0.98) 0.33 (0.24-0.42) 0.34 (0.26-0.44) 0.91 (0.78-0.97) 0.49 (0.41-0.57)

P-value (visual vs. semi-quantitative) 0.014 a < 0.001 a 0.012 a 0.297 <0.001 a

aP-value for differences was determined using McNemar test (sensitivity, specificity, and accuracy) or generalized score statistic (PPV and NPV).

focal uptake pattern and relatively low background phys-
iological absorption. Because of the low FDG uptake of
DCIS, the semi-quantitative analysis has limited reliability;
therefore, a more sensitive visual analysis was performed
simultaneously. Some recent studies of DCIS upgrade, as-
sessed by PET/CT scan, have conducted a visual analysis
along with SUVmax measurement (22, 23). In this study,

the SUVmax and visual analysis were predictors of DCIS up-
grade to invasive cancer in both univariate and multivari-
ate models, similar to previous studies (2, 4).

Moreover, in previous research, the possible predictors
of the invasive components of DCIS in biopsy were the pa-
tient’s age (7, 11), palpability (5, 10), biopsy method (5, 6, 11,
13, 14), tumor grade (2, 5, 7, 11, 12, 15), pathological or imag-
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ing tumor size (5-7, 9, 11, 13, 15), and some immunohisto-
chemical markers (2, 7, 14, 15). The patient’s age was in-
troduced as a predictor of DCIS upgrade in some previous
studies (7, 11), but not others (22). In the present study, the
patient’s age was a significant predictor of DCIS upgrade to
invasive cancer.

Additionally, the type of biopsy method was reported
as a predictive factor for the upgrade of DCIS in previous
studies (5, 6, 11, 13, 14). CNB using 14-gauge needles can
obtain a smaller amount of tissue than VAB with larger
needles; therefore, patients undergoing US-guided CNB
might have a higher upgrade rate than those undergoing
mammography-guided VAB. However, in the present study,
where most cases underwent US-guided CNB, the biopsy
method was not significantly different between the DCIS
and DCIS + invasion groups; therefore, it was not intro-
duced as a predictor of DCIS upgrade.

In the present study, a higher nuclear grade of biopsy
specimens was observed in the DCIS + invasion group as
compared to the pure DCIS group (69.6% vs. 53.8%), and the
difference was not statistically significant, but P value was
close to <0.05 (P = 0.065). However, nuclear grade was not
a significant factor associated with DCIS upgrades. Gener-
ally, there are contradictory results regarding the role of
tumor grade. The tumor grade in biopsy (5, 12) and the fi-
nal pathology (2, 7, 11, 12) was recognized as a significant in-
dependent predictor in some previous studies, but not in
some others (9, 13, 23).

In previous studies (5-7, 11, 13, 15), tumor size was re-
ported as one of the significant factors for DCIS upgrade.
In this study, the pathological tumor size was significantly
larger in the DCIS group with invasion as compared to the
pure DCIS group, which is consistent with previous stud-
ies (7, 9, 13, 15). The DCIS upgrade was also significantly
correlated with the pathological tumor size in the present
study, similar to previous research (5, 9, 13). Moreover, in
the present study, immunohistochemical markers, previ-
ously known as prognostic factors for breast cancer, were
not correlated with upgrade to invasive cancer from DCIS
in biopsy. Also, there are some studies on the relationship
between DCIS upgrade and immunohistochemical mark-
ers (2, 7, 14, 15); however, their results are inconsistent, and
consensus has not been reached. In this study, we did not
find any correlation between DCIS upgrade and immuno-
histochemical markers, which is in line with a previous
study (22).

The present findings revealed that visual and semi-
quantitative analyses of FDG-PET/CT could predict DCIS
upgrade preoperatively, independent of other prognostic
clinicopathological factors. The SUVmax can be an objec-
tive indicator and a practical tool to predict the upgrade
of DCIS. Comparison of diagnostic performance between

the semi-quantitative and visual analyses showed that the
visual analysis was more sensitive for detecting the inva-
sion of DCIS; however, the overall accuracy of the semi-
quantitative analysis was significantly higher than that of
the visual analysis.

The main limitation of this study was its retrospective
design, which could induce selection bias. Second, it was
difficult in some cases to determine the correlation be-
tween the exact location of a biopsy-proven malignancy
on conventional images, FDG uptake on PET/CT scan, and
pathological lesion after surgery; however, we tried to find
the lesion at least in the same quadrant in all cases. Third,
because biopsy was performed before FDG-PET/CT scan for
all patients, it could affect the PET/CT results. Finally, the
menstrual cycle and menopause status, which could af-
fect the diagnosis of FDG-PET/CT, were not considered in
this study. Therefore, a well-designed prospective study is
needed for further evaluation of the efficacy of FDG-PET/CT
scan in detecting the invasive components of DCIS com-
pared to other imaging modalities and pathological pa-
rameters.

5.1. Conclusion

This study demonstrated that both semi-quantitative
and visual analyses of FDG uptake could preoperatively
predict the risk of upgrade to invasive cancer, independent
of other clinicopathological characteristics
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