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Abstract
Aim:	 This	 study	 aims	 to	 study	 the	 clinical‑diagnostic	 relevance	 of	 incidental	 breast	
uptake	 (“incidentaloma”)	on	18F‑fluoro‑2‑deoxy‑D‑glucose	positron	emission	 tomography/computed	
tomography	 (18F‑FDG	 PET/CT)	 scan	 performed	 for	 other	 indications	 and	 to	 correlate	 it	 with	
radiological	 imaging	 and	 histopathology.	 Materials and Methods:	 We	 retrospectively	 evaluated	
3675	 FDG‑PET	 scans,	 identifying	 43	 patients	with	 breast	 “incidentaloma.”	Thirty	 of	 these	 findings	
were	 further	 investigated	 with	 clinical	 examination,	 mammography	 (MMX),	 UltraSound	 (US)	
and/or	 magnetic	 resonance	 (MR).	 Cases	 suspected	 for	 malignancy	 underwent	 US‑guided	
macro‑biopsy	 (USMB)	 or	 MR‑guided	 biopsy.	 Correlations	 between	 FDG‑PET,	 radiology	 findings,	
age,	 and	histopathology	were	 evaluated.	Results:	 patients	who	performed	both	US	and	MMX	were	
19.	 Ten	 consequently	 underwent	 USMB,	 one	MR‑guided	 biopsy,	 the	 remaining	 8	were	 not	 further	
investigated.	Nine	 patients	 had	 a	 diagnosis	 of	malignancy.	Among	 11	 patients	who	 performed	 only	
US	 and	 consequently,	 USMB	 6	 had	 a	 diagnosis	 of	 malignancy.	 Histopathology	 of	 the	 22	 patients	
with	 both	 morphological	 and	 glucometabolic	 alterations	 showed	 different	 types	 of	 benign	 or	
malignant	 neoplasia,	 with	 a	 cumulative	 68.2%	 incidence	 of	 malignancy.	 Seven	 lesions	 showed	 a	
SUVmax	>2.5,	while	the	remaining	15	a	SUVmax	<2.5.	There	was	no	statistically	significant	correlation	
between	 SUVmax	 and	 histology,	 therefore	 SUVmax	 parameter	 should	 not	 be	 used	 to	 discriminate	
between	 benign	 and	 malignant	 findings.	 No	 significant	 correlation	 between	 patient	 age	 and	 tumor	
characterization	was	found.	Conclusions:	incidental	mammary	uptake	during	an	FDG‑PET	scan	may	
represent	 a	 clue	 suggesting	 to	 investigate	 PET	 findings.	 In	 this	 subset	 of	 patients,	 early	 diagnosis	
may	lead	to	a	change	in	clinical	management	with	a	favorable	impact	on	prognosis	and	a	significant	
reduction	in	healthcare	costs.
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Introduction and Aim
An	 “incidentaloma”	 is	 commonly	 defined	
as	 an	 incidental	 finding	 detected	 in	 an	
organ	 during	 a	 scan	 performed	 for	 other	
clinical	 indications.	 In	 patients	 with	
known	 primary	 cancer,	 the	 frequency	 of	
a	 concomitant	 second	 malignancy	 is	 not	
negligible	 and	 a	 quote	 of	 these	 neoplasms	
might	 be	 detected	 incidentally.	 Katz	 and	
Shaha[1]	 first	 coined	 the	 term	 “positron	
emission	 tomography	 (PET)‑associated	
incidental	neoplasm”	 (PAIN)	 specifically	 to	
define	 the	 incidental	 finding	 of	 a	 neoplasm	
during	 a	 PET/computed	 tomography	 (CT)	
scan	 performed	 for	 another	 indication.	
The	 cumulative	 incidence	 of	 incidental	
findings	 on	 18F‑fluoro‑2‑deoxy‑D‑
glucose	 (18F‑FDG	 PET/CT)	 scans	 ranges	

between	 0.2%	 and	 8.9%	 and	 is	 more	
frequent	 in	 patients	 over	 45	 years	 of	 age,	
while	 the	 prevalence	 of	 a	malignant	 nature	
“incidentaloma”	 ranges	 between	 1.2%	 and	
1.7%.[2]	Thus,	 incidental	FDG‑PET	findings	
require	further	investigations	to	clarify	their	
nature.[3]

The	 most	 common	 PAIN	 localizations	
are	 thyroid	 gland,	 gastrointestinal	 tract,	
and	 lungs,	 with	 a	 cumulative	 incidence	
of	 1%–3%	 of	 all	 cancers.[4‑6]	 Incidental	
breast	 uptakes	 are	 quite	 rare.[6,7]	 Clinical	
examination	 and	 imaging	 are	 essential	
in	 the	 evaluation	 of	 breast	 pathology,	
but	 sometimes	 some	 lesions	 could	 be	
undetected	 during	 screening	 programs,	
and	 casually	 discovered	 during	 some	 other	
exams,	 such	 as	 FDG‑PET.	 These	 findings	
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could	 be	 expression	 of	 both	 benignant	 and	 malignant	
lesions,	 some	 of	 which	 with	 clinical	 significance.[8‑12]	
Nevertheless,	 FDG‑PET	 is	 not	 currently	 recommended	
for	 the	 detection	 of	 primary	 breast	 cancer,	 due	 to	 the	
presence	 of	 several	 limitations	 regarding	 the	 evaluation	
of	 breast	 lesions.	 In	 particular,	 FDG‑PET	 lacks	 sensibility	
in	 detecting	 small	 lesions,	 under	 1	 cm	 diameter.[13,14]	
Moreover,	 different	 breast	 cancer	 histotypes	 can	 present	
a	 wide	 range	 of	 FDG‑avidity,	 with	 infiltrating	 ductal	
carcinoma	 (IDC)	 histotype	 showing	 a	 much	 higher	 FDG	
uptake	 in	 comparison	 to	 Invasive	 Lobular	 Carcinoma.[15,16]	
As	 for	 SUVmax	 parameter,	 it	 is	 known	 to	 be	 influenced	
by	 several	 conditions,	 related	 both	 to	 the	 patient	 and	 to	
the	 exam	 protocol	 conditions.	 These	 issues	 make	 it	 a	 not	
sufficiently	 reliable	 parameter	 to	 discriminate	 between	
benignant	and	malignant	findings.[17‑19]

For	the	reasons	above,	any	FDG	breast	“incidentaloma”	(BI)	
should	 be	 further	 investigated,	 as	 suggested	 by	 the	
“National	 Comprehensive	 Cancer	 Network”	 Guidelines.	
However,	 their	 management	 is	 currently	 debated,	 as	
mammography	 (MMX)	 and	 ultrasound	 (US)	 are	 suggested	
as	 first‑level	 exams,	 while	 a	 bioptic	 approach	 should	 be	
reserved	for	lesions	with	a	BI‑RADS	4	or	5.[20]

The	 aim	 of	 the	 present	 study	 is	 to	 define	 the	 clinical	 and	
diagnostic	 significance	 of	 incidental	 breast	 tissue	 uptakes	
detected	 during	 18F‑FDG	 scans	 performed	 for	 a	 different	
indication.	 For	 this	 purpose,	 we	 studied	 the	 correlations	
with	 traditional	 radiological	 imaging	 and	 histopathology	
examination,	 performed	 to	 determine	 the	 nature	 of	 those	
findings.

Materials and Methods
Population study

We	 retrospectively	 evaluated	 3675	 FDG‑PET	 scans	
performed	 in	 our	 Nuclear	Medicine	 Unit	 during	 the	 years	
2014–2020	and	selected	 those	with	an	 incidental	18F‑FDG	
breast	 uptake	 (43	 scans)	 [Figure	1].	Scans	of	 patients	with	
the	 previous	 history	 of	 biopsy‑proven	 breast	 cancer	 were	
excluded.	 Consequently,	 we	 checked	 if	 the	 BI	 had	 been	
further	 investigated	 with	 clinical	 exam,	MMX,	 US	 and/or	
MR	(the	latter	limited	to	patients	with	undetermined	results	
on	conventional	 radiology).	Finally,	 for	each	patient	whose	
finding	was	 subjected	 to	 a	 biopsy	 examination	 (US‑guided	
or	MR	guided),	we	reported	the	histological	diagnosis.

Information	 on	 the	 other	 imaging	 modalities	 and	
investigations	 were	 obtained	 from	 the	 Hospital	 digital	
archives,	 Polaris®	 and	 SAP®.	 The	 study	 was	 performed	
in	 accordance	 with	 the	 ethical	 standards	 of	 the	 local	
institutional	research	committee	and	with	the	1964	Helsinki	
declaration	and	 its	 later	amendments	or	comparable	ethical	
standards.	Informed	consent	was	obtained	from	all	subjects.

Forty‑three	 patients	 were	 selected	 (7	 males,	 36	 females,	
average	 age	 66.28	 ±	 14.7	 years,	 min	 26	 max	 90),	

respectively	 affected	 by	 Lung	 Cancer	 (15	 patients),	
non‑Hodgkin	 Lymphoma	 (10),	 Hodgkin	 Lymphoma	 (2),	
Melanoma	 (4),	 Head	 and	 Neck	 Cancer	 (3)	 and	 9	 other	
tumors/pathologies.

FDG-PET acquisition protocol and interpretation

All	patients	were	required	to	fast	for	6–8	h	and	maintain	an	
adequate	 hydration	 before	 the	 scan.	 Diabetic	 patients	 had	
blood	 glucose	 measured	 before	 18F‑FDG	 delivery.	 Those	
with	 a	 fasting	 glucose	 above	 190	 mg/dl	 were	 postponed	
until	 a	 proper	 therapy	 was	 established.	 Images	 were	
acquired	50–70	min	after	18F‑FDG	injection	(1	mCi/10Kg)	
using	 a	 standard	 technique	 on	 a	 dedicated	 3D	 PET/CT	
system	 (Biograph	mCT	 Flow;	 Siemens	Medical	 Solutions,	
Malvern,	 PA,	 USA).	 A	 low‑dose	 CT	 scan	 (120	 kV	 and	
80	 mA/s)	 was	 performed	 for	 the	 attenuation	 correction	 of	
the	 PET	 emission	 data	 acquired	 from	 the	mid‑thigh	 to	 the	
skull	vertex.

PET/CT	 images	 were	 all	 processed	 and	 analyzed	 by	 a	
Syngo.via	 Workstation	 (Siemens	 Healthineers).	 Final	
PET/CT	 images	 were	 reconstructed	 along	 axial,	 coronal	
and	 sagittal	 planes	 with	 a	 dedicated	 workstation	 by	 an	
expert	 nuclear	 medicine	 physician.	 A	 MIP	 image	 has	
been	 stored	 for	 every	 patient.	 Every	 focal	 deviation	 from	
physiological	 distribution,	 background,	 or	 blood‑pool	 and	
liver	 uptakes	was	 reported,	 be	 it	 hyper	 or	 hypo‑metabolic.	

Figure 1: Patient’s selection flow‑chart
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For	 every	 finding	 save	 screens	 were	 registered,	 and	
SUVmax	 was	 calculated,	 considering	 2.5	 value	 as	 a	 cut‑off	
to	 discriminate	 between	 hyper	 and	 hypo‑metabolic	 breast	
incidental	uptakes.

Statistical analysis

The	 nonparametric	 Median	 test	 was	 applied	 for	
independent	 samples,	 with	 the	 aim	 to	 verify	 the	 existence	
of	 significant	 differences	 in	 two	 study	 groups	 identified	
respectively	 as	 patients	 with	 benign	 and	 malignant	 breast	
neoplasia	 versus	 SUVmax	 trend.	The	Mann–Whitney	U‑test	
was	 also	 applied	 to	 the	 same	 independent	 samples.	 To	
evaluate	the	diagnostic	agreement	between	the	instrumental	
investigations	 examined	 (US	 and	MMX),	 the	 concordance	
index	 was	 calculated	 using	 the	 Koen	 Concordance	
Test	(K).	To	evaluate	the	concordance	between	the	patient’s	
age	 and	 the	 finding	 of	 malignant	 or	 benign	 neoplasm,	 the	
Non‑Parametric	Median	Test	 for	 independent	 samples	was	
applied.

Results
We	 analyzed	 3675	 PET/CT	 scans	 performed	 in	 patients	
without	history	of	breast	cancer.	Among	those	we	found	43	
BI,	with	 a	 prevalence	of	 1.17%.	 	Thirty	 out	 of	 43	patients	
underwent	diagnostic	deepening	of	the	lesions	detected	with	
the	 FDG‑PET	 scan	 [Table	 1].	Among	 the	 13	 patients	who	
did	not	 investigate	 the	BI,	4	died	early	after	 the	FDG‑PET	
scan,	 before	 completing	 the	 diagnostic	 process	 and	 the	
remaining	 9	 were	 lost	 during	 the	 follow‑up	 or	 did	 not	
perform	further	investigations	because	deemed	unnecessary.	
One	 of	 these	 nine	 patients	 (female,	 81‑year‑old)	 had	 a	
diagnosis	of	breast	cancer	1	year	later,	in	the	site	where	the	
18F‑FDG	uptake	was	previously	detected.

Nineteen	 out	 of	 30	 patients	 who	 performed	 radiological	
imaging	underwent	both	US	and	MMX,	while	the	remaining	
11	 (25.58%)	performed	only	US.	Specifically,	 in	 the	group	
that	 performed	 both	 US	 and	MMX,	 10	 (57.9%)	 had	 both	
US	and	MMX	positive	scans	and	1	 (11.1%)	had	a	positive	
US	 scan	 and	 a	 negative	 MMX;	 each	 of	 these	 patients	
consequently	performed	US‑guided	macro‑biopsy	(USMB).	
The	 remaining	 eight	 patients	 (26.6%)	 did	 not	 show	
certain	 breast	 morphological	 abnormalities	 at	 US	 and/
or	 MMX;	 3	 of	 them	 were	 subsequently	 subjected	 to	
Magnetic	 resonance	 (MR)	 and	 in	 1	 (ID	 n°1)	 an	 IDC,	 G2,	
was	 detected.	 In	 this	 case,	 the	 biopsy	 was	 MR‑guided.	
The	 diagnostic	 agreement	 between	 the	 two	 methods	 (US	
and	 MMX)	 resulted	 highly	 significant	 (P	 ≤	 0.001).	
Ten	 out	 of	 11	 patients	 who	 performed	 only	 breast	 US	
underwent	 USMB	 that	 highlighted	 a	 malign	 finding	 in	
6	cases	[Table	2].

Overall	 22	 patients	 performed	 biopsy	 examination	 (21	
US‑guided	 and	 1	 MR‑guided).	 Fifteen	 out	 of	 22	 BI	 were	
malignancies,	 with	 an	 overall	 incidence	 of	 68.2%.	Among	
those,	11		(73.3%)	were	primary	breast	cancers		(9	IDC	G2,	
2	 Adenoidocystic	 Cancer	 and	 1	 Carcinomatous	 Mastitis)	

and	 4	 	 (26.7%)	 were	 atypical	 Lymphoma	 localizations	 	 (1	
Hodgkin’s	Lymphoma,	 2	 non	Hodgkin’s	Lymphoma,	 and	1	
cutaneous	 T	 cell	 Lymphoma)	 [Figure	 2].	 The	 remaining	 7	
BI	 were	 benign	 lesions	 (6	 Fibroadenoma	 and	 1	 Phyllodes	
Tumor)	[Figure	3	and	Table	1].

Within	 the	 cohort	 of	 patients	 who	 performed	
histopathological	 correlation,	 median	 SUVmax	 value	 was	
2.02	 ±	 2.38	 (minimum	 value	 0.60;	maximum	 value	 15.7).	
Seven	 patients	 (31,8%)	 had	 a	 SUVmax	 >2.5	 while	 the	
remaining	 15	 (68,2%)	 had	 a	 SUVmax	 <2.5.	 In	 2	 cases,	 ID	
n°	14	and	21,	breast	lesion’s	SUVmax	were	respectively	15.7	
and	6,	while	all	 the	other	 ranged	between	 the	1st	percentile	
and	 3rd	 percentile.	 The	 malignant	 lesion	 with	 the	 lowest	
SUVmax	 value	 (0.7)	 was	 histopathologically	 diagnosed	
as	 IDC,	 G2,	 while	 the	 benignant	 lesion	 with	 the	 higher	
SUVmax	 value	 (2.5)	 was	 a	 fibroadenoma.	 Among	 BI	 with	
confirmed	 diagnostic/histological	 findings,	 no	 statistically	
significant	 correlation	 was	 found	 between	 lesional	 SUVmax	
and	histology	(benign	vs.	malignant).

Discussion
When	evaluating	an	FDG‑PET	scan,	the	attention	is	usually	
focused	 on	 the	 primary	 disease	 and	 not	 on	 the	 possible	
incidental	 coexistence	 of	 another	 primary	 malignant	
lesion.	Nevertheless,	 the	 prevalence	 of	 a	 second	 incidental	
neoplasm	 is	 far	 from	 negligible.	 A	 nonspecific	 18F‑FDG	
spot	 can	 be	 detected	 in	 various	 conditions	 and	 it	 should	
be	 reminded	 that	 it	 could	 be	 neoplastic	 until	 proven	
otherwise.[21,22]

During	 a	 FDG‑PET	 scan	 the	 identification	 of	 an	 abnormal	
breast	 uptake	 can	 occur,	 even	 if	 it	 is	 quite	 rare	 and	 it	 can	
be	 a	 false	 positive	 image	 in	 a	 nonnegligible	 percentage	 of	
cases.	Several	 literature	evidences	report	 that	a	BI	detected	
during	 a	 FDG‑PET	 scan	 performed	 for	 other	 reasons	
can	 identify	 a	 breast	 cancer.[23,24]	 Anyhow,	 the	 reported	
frequency	 of	 malignancy	 is	 highly	 variable,	 ranging	 from	
29.7%	 to	 71.5%.[18,25]	 Our	 results	 are	 consistent	 with	
Bertagna	 et	al.	 In	 fact,	we	 found	 that	 in	 22	 cases	 (73.3%)	

Figure 2: Female, 65‑year‑old, undergoing fluoro‑2‑deoxy‑D‑glucose 
positron emission tomography/computed tomography to evaluate a 
vasculitis. A focal fluoro‑2‑deoxy‑D‑glucose uptake (SUVmax 3,9) was 
identified in the right breast. Histology: infiltrating ductal carcinoma
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