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Abstract 

Background: Ductal carcinoma in-situ (DCIS) often coexists with invasive ductal carcinoma (IDC) of the breast. DCIS is consid-
ered as a non-obligate precursor of IDC when both coexist. 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography ([18F]FDG PET/CT) imaging is commonly used in the staging and follow-up assessment of breast cancer. In this 
study, we aimed to assess if there is any correlation between primary tumor PET and histopathology findings and histopatho-
logical features of the coexisting DCIS. 

Material and methods: FDG PET/CT images and histopathology results of the patients with newly diagnosed breast cancer (IDC) 
with coexisting DCIS were analyzed in this retrospective study. The grade and size of the primary tumor and histopathological 
features of the coexisting DCIS (nuclear grade and architectural pattern) were obtained from the postoperative histopathology 
results. Maximum standardized uptake values (SUV: SUVmax and SULmax) of the primary tumor normalized by weight and lean 
body mass were measured. Statistical analysis was performed to assess the correlation between various parameters of IDC 
and DCIS. 

Results: This study included sixty-two (62) patients with IDC-DCIS. Primary tumor grade was significantly correlated and 
associated with the nuclear grade of the coexisting DCIS (polychoric correlation r = 0.736, and Fisher exact test, PV < 0.001, 
respectively). Primary tumor SUV was not correlated with the nuclear grade and architectural pattern of the coexisting DCIS 
(polyserial correlation r = 0.172, PV = 0.155, and Point Bi-Serial correlation r = –0.009, PV = 0.955, respectively). Median 
primary tumor size was marginally significantly different among DCIS nuclear grades but it was not significantly different in 
comedo and non-comedo cases (Kruskal-Wallis test PV = 0.053, and Mann-Whitney U test PV = 0.890, respectively).

Conclusions: Primary tumor grade is correlated with the nuclear grade of the coexisting DCIS. SUV of primary tumor does not 
seem to be correlated with the histopathological features of coexisting DCIS (nuclear grade and architectural pattern) but this 
may be further studied in a larger number of patients. 
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Introduction

Ductal carcinoma in situ (DCIS) is a pre-invasive (non-invasive) 
type of breast cancer. In DCIS, malignant ductal epithelial cell pro-
liferations remain confined within the intact breast ducts [1]. DCIS 
often coexists with invasive ductal carcinoma (IDC) of the breast 
[2, 3]. DCIS is recognized as the non-obligate precursor of IDC 
when both of them coexist [4, 5]. In tumors with no coexisting DCIS 
(pure IDC), it is assumed that IDC arises de novo [6, 7]. 

18F-fluorodeoxyglucose ([18F]FDG) positron emission tomog-
raphy/computed tomography (PET/CT) is widely used for initial 
staging/detecting distant metastases of high-risk locally advanced 
invasive and inflammatory breast cancers, particularly where stand-
ard staging studies show equivocal or suspicious results [8–10]. 
FDG uptake is usually higher in IDC and inflammatory breast can-
cer and lower in invasive lobular carcinoma of the breast [8, 11]. 
DCIS lesions usually show a low degree of FDG uptake [12]. FDG 
uptake (metabolic activity of the tumor) is positively correlated with 
the tumor grade and proliferation (Ki-67 expression) and negatively 
correlated with the hormonal receptor status of breast cancer [8, 13]. 
Estrogen and progesterone receptor (ER and PR) negative tum-
ors demonstrate higher metabolic activity than receptor-positive 
tumors [11, 14]. Triple-negative breast cancer (negative for ER, 
PR, and HER2) usually shows high FDG uptake (high metabolic 
activity) and is associated with poor prognosis [14, 15]. 

In a recently published study, we have compared FDG PET/CT 
findings of IDC-DCIS and pure IDC cases [16]. In the current study, 
our aim was to assess if there is any correlation between primary tu-
mor’s (IDC) PET and histopathology findings and histopathological 
features of the coexisting DCIS. We wanted to understand if FDG 
PET findings can support the hypothesis of DCIS as the precursor 
of IDC when they coexist.

Material and methods

Histopathology results of the newly diagnosed breast cancer 
patients who had FDG PET/CT imaging for initial staging and prior 
to any treatment were reviewed. Patients with IDC and coexisting 
DCIS (IDC-DCIS) were selected for further analysis.

This retrospective study was approved by two institutes (Kuwait 
Ministry of Health and Trakya University Faculty of Medicine Health 
and Ethics Committee). 

FDG PET/CT images were obtained approximately 60 min fol-
lowing intravenous injection of 222-296 MBq (6–8 mCi) of [18F]FDG 
using Philips Gemini Time of Flight (Philips Medical Systems, Best, 
Netherlands) and GE discovery 8 (General Electric Medical Sys-
tems, Milwaukee, WI, USA) PET/CT cameras. First, a low-dose CT 
was obtained (for attenuation correction and anatomic localization). 
PET image acquisition was 2–3 min/bed from vertex to mid-thigh 
levels. PET images were corrected for attenuation using the CT 
data. PET images were reconstructed using a standard iterative 
algorithm and reformatted into transaxial, coronal, and sagittal 
planes. A maximum intensity projection image was generated. 

FDG PET/CT images were evaluated by 2 board-certified Nu-
clear Medicine physicians with over 30 years of experience. Weight 
and lean body mass normalized maximum standardized uptake 
values (SUVmax and SULmax) of the primary tumors were measured. 
PET/CT images were reviewed to assess the primary tumor, regional 

and distant metastases, and additional findings but those were not 
included in the analysis. 

Histopathology results were reviewed to collect information for 
the features of the primary tumor (grade and size) and coexisting 
DCIS (nuclear grade and architectural subtype). 

Statistical analysis

The statistical analysis was conducted using the SPSS statisti-
cal software (Version 24) and R statistical software. Counts and per-
centages were reported for categorical variables and means (SD) 
were reported for continuous variables. Two sample t-test or 
Mann-Whitney U tests were used to compare two continuous varia-
bles depending on the data normality condition. Analysis of variance 
(ANOVA) or Kruska-Wallis test was used to compare a continu-
ous outcome and a three or more levels categorical covariate. The 
strength of the associations was measured by correlation coeffi-
cients of either Spearman rank correlation, point biserial correlation, 
polyserial correlation, or polychoric correlations depending on the 
type of variables under investigation. All tests were two-tailed, and 
p-values < 0.05 were considered statistically significant. 

Results

Sixty-two (62) female patients with newly diagnosed IDC-DCIS 
from 2 institutes (Mubarak Al-Kabeer hospital: 26 patients and 
Trakya University hospital: 36 patients) were included in this study 
(mean age 55.2 ± 9.5 years).

Patients underwent various surgeries such as mastectomy, 
wide local excision, or breast preservation surgery (lumpectomy or 
segmental mastectomy). All of the patients also had sentinel lymph 
node biopsy and/or axillary dissection. Some of the patients re-
ceived neoadjuvant chemotherapy before the surgery (after PET 
imaging). TNM staging of the tumors is available in our data but 
not provided in this article. 

 Primary tumor grade was grade-3 in 28 patients, grade-2 in 
27, and grade-1 in 7 patients. The nuclear grade of the coexisting 
DCIS was grade-3 in 38 patients, grade-2 in 13, and grade-1 in 
8 patients. Nuclear grade of the DCIS in 3 patients and the size of 
the primary tumor in 5 patients were not available in the pathology 
report. The architectural pattern of the coexisting DCIS was mainly 
mixed (combination of at least 2 of the following patterns; solid, pap-
illary, micropapillary, cribriform, and comedo, 49 patients) andthe 
rest of the patients showed only solid pattern (13 patients). For 
statistical comparison, we further classified the architectural pattern 
as comedo (37 patients) and non-comedo (25 patients) based on 
the presence of comedo necrosis. Figure 1 and 2 shows primary 
tumor grade versus a nuclear grade of coexisting DCIS and nuclear 
grade versus architectural subtype of DCIS, respectively. 

Statistical results

 Primary tumor SUVs (SUVmax and SULmax ) were not signifi-
cantly correlated with the nuclear grade of the coexisting DCIS 
(Polyserial correlation, r = 0.172; PV = 0.155 and r = 0.158, and 
PV = 0.211, respectively). Median primary tumor SUVs (SUVmax 
and SULmax ) were higher in nuclear grade-3 than nuclear grade-2 
and -1 cases but according to the Kruskal-Wallis test, they were 
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not significantly different (PV = 0.288, and 0.340, respectively) 
(Fig. 3, Tab. 1). 

 Primary tumor SUVs (SUVmax and SULmax ) were not correlated 
with the architectural pattern of the coexisting DCIS (Point Bi-Serial 
correlation, r = –0.009, PV = 0.955 and r = –0.017, PV = 0.919, 
respectively). Median primary tumor SUVs (SUVmax and SULmax ) 
were higher in comedo than non-comedo coexisting DCIS, but 
according to the Mann-Whitney U test, they were not significantly 
different (PV = 0.966, and 0.886, respectively) (Fig. 3, Tab. 2). 

 Primary tumor grade was correlated with the nuclear grade 
(Polychoric correlation, r = 0.736, PV < 0.001) but not with the 
architectural pattern (Polychoric correlation, r = 0.265, PV = 0.157) 

of the coexisting DCIS. There was a significant association between 
the primary tumor grade and nuclear grade of the coexisting DCIS 
(Fisher exact test, PV < 0.001), but no significant association 
between primary tumor grade and architectural pattern of the 
coexisting DCIS (comedo versus non-comedo) (Fisher exact test, 
PV = 0.233). 

 According to the Kruskal-Wallis test, there was marginally 
significant evidence that the median primary tumor size among 
DCIS nuclear grade was different (PV = 0.053) but according to 
the Mann-Whitney U test, the median primary tumor size in comedo 
and non-comedo cases were not significantly different (PV = 0.890) 
(Tab. 1 and 2, Fig. 4).

Figure 1. Primary tumor grade versus nuclear grade of the coexisting 
DCIS; count — number of patients)

Figure 2. Nuclear grade versus the architectural pattern of coexisting 
ductal carcinoma in-situ (DCIS); Count — number of patients)

Figure 3. Graphs of median primary tumor SUV versus nuclear grade and architectural pattern (comedo and non-comedo) of coexisting ductal 
carcinoma in-situ (DCIS). Median SUVs are shown in boxes
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 As expected, primary tumor grade was significantly correlated 
with the primary tumor SUVs (SUVmax and SULmax) (Polyserial correla-
tion, r = 0.312, PV 0.023, and r = 0.303, PV = 0.024, respectively). 
According to the Kruskal-Wallis test, there was evidence of a signifi-
cant difference in median primary tumor SUVs (SUVmax and SULmax ) 
across primary tumor grades (PV = 0.013, and 0.010, respectively) 
(Tab. 1). Primary tumor grade was significantly correlated with the 
primary tumor size (Polyserial correlation, r = 0.545, PV < 0.001) 
(Tab. 1). Also, the nuclear grade of the DCIS was significantly 
correlated with the architectural pattern of the DCIS (Polychoric 
correlation, r = 0.614, PV < 0.001). 

Discussion

DCIS often coexists with IDC (32% and 63.1% of the cases) [2, 3]. 
DCIS is recognized as the non-obligate precursor of IDC when they 
coexist [4, 5]. It was suggested that up to 50% of patients with 

microscopic foci of DCIS develop invasive carcinomas of the breast 
[4]. The invasive lesion occurs in the same region as the original 
DCIS lesion which indicates a precursor process [4, 17]. Other stud-
ies have also supported the hypothesis of transition from DCIS to 
IDC based on the concordant expression of immunohistochemical 
markers, biomarkers, and genomic data [18–26]. Progression from 
DCIS to invasive breast cancer may follow a Darwinian evolutionary 
model [5]. 

Histologic parameters of the clinical significance of DCIS include 
architectural subtypes/patterns, nuclear grade, size and extent of 
the lesion, status of microcalcifications, necrosis, and margins [27]. 
The nuclear grade of the DCIS lesions is classified as low grade 
(grade-1), intermediate grade (grade-2), and high grade (grade-3). 
Grade-3 DCIS is composed of pleomorphic large cells and abun-
dant mitoses. High nuclear grade DCIS is an aggressive subtype 
of DCIS with an overall poorer prognosis as compared to low and 
intermediate nuclear grade DCIS [28]. DCIS with low-nuclear grade 

Table 1. Tests of differences in primary tumor (IDC) size, primary tumor SUVmax, and primary tumor SULmax according to primary tumor grade and 
nuclear grade of coexisting ductal carcinoma in-situ (DCIS)

Covariate Primary Tumor Size (cm)   Primary Tumor SUVmax   Primary Tumor SULmax  

median p-value median p-value (n)(median) p-value

Primary Tumor Grade   0.001†   0.013†   0.010†

Grade 1 1.05 3.8 2.75

Grade 2 2.40 6.25 3.40

Grade 3 3.10 8.70 5.60

Nuclear Grade of 

Coexisting DCIS

  0.053†   0.288†   0.340†

Grade 1 1.6 4.35 2.70

Grade 2 3.15 5.75 3.40

Grade 3 2.75 8.5 4.70
†p-value calculated using Kruskal-Wallis test

Figure 4. Graphs of median primary tumor size versus nuclear grade and architectural pattern (comedo and non-comedo) of coexisting ductal 
carcinoma in-situ (DCIS). Median sizes are shown in boxes
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is composed of uniform cells with small size and low-mitotic rate. 
In intermediate nuclear grade DCIS, neoplastic nuclei show pleo-
morphism (between high- and low- nuclear grade DCIS). 

The architectural patterns of DCIS are classified as solid, come-
do necrosis (comedo), cribriform, micropapillary, and papillary. 
DCIS commonly demonstrates a mixed pattern. DCIS is usually 
categorized as comedo and non-comedo. The comedo subtype 
of DCIS is defined by high-grade cells, prominent necrosis in the 
center of the ducts, and a high proliferation rate [29, 30]. Non-come-
do subtypes of DCIS are composed of low-grade cells, and a low 
proliferation rate [27]. Angiogenesis and foci of microinvasion 
are common around comedo lesions and low in non-comedo 
lesions [31–33]. Ketcham et al. have indicated there is more often 
and more rapid progression into invasive carcinoma from high-
grade DCIS as compared to low-grade [34]. 

In the current study, there was a significant correlation and as-
sociation between the grade of the primary tumor and the nuclear 
grade of the coexisting DCIS. Median primary tumor SUV was higher 
in nuclear grade-3 cases and comedo pattern as compared to 
cases with nuclear grade-1 and-2 and non-comedo pattern but it 
was not statistically significant. This result may be affected by the 
relatively small number of nuclear grade-1 (n = 8) and -2 (n = 12) 
cases in our study. In a recently published study, we did not find 
a significant difference in primary tumor SUV in IDC-DCIS and 
pure IDC cases but multifocal tumor and multifocal uptake were 
more common in IDC-DCIS cases [16]. As expected, in the current 
study primary tumor grade was significantly correlated with the 
primary tumor’s metabolic activity and nuclear grade of the DCIS 
was significantly correlated with the architectural pattern of the 
DCIS [8, 13, 29, 30]. 

Studies have also reported that IDC-DCIS show lower metastat-
ic potential and recurrence and better overall survival as compared 
to pure IDC but some other studies show controversial results [6, 
7, 23, 35, 36]. In our recent study, axillary metastases appeared to 
be more common in pure IDC than IDC-DCIS cases [16].

A limitation of this study could be the relatively small number 
of patients, particularly patients with nuclear grade-1 and -2 co-
existing DCIS. Assessing primary tumor metabolic activity alone 
is not adequate to understand if DCIS could be the precursor 
of IDC in IDC-DCIS cases but it may be supportive if primary 
tumor SUV correlates with the nuclear grade of coexisting DCIS. 
This preliminary study also serves as the only available data in 

the literature investigating the correlation between PET findings of 
the primary tumor (IDC) with the histopathological findings of the 
coexisting DCIS. 

Conclusions

Primary tumor grade is significantly correlated with the nuclear 
grade of the coexisting DCIS. SUV of primary tumor does not seem 
to be significantly correlated with the histopathological features of 
the coexisting DCIS (nuclear grade and architectural pattern) but 
this may be studied in a larger number of patients. 
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