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MRI of Peliosis Hepatis: A Case Series
Presentation With a 2022 Systematic
Literature Update

Linda Calistri, MD, PhD," ® Cosimo Nardi, MD, PhD," ® Vieri Rastrelli, MD,’
Davide Maraghelli, MD," Luigi Grazioli, MD,? ® Luca Messerini, MD,® and
Stefano Colagrande, MD'*

Background: Peliosis hepatis (PH) is a rare benign condition, characterized by hepatic sinusoidal dilatation and blood-filled
cystic cavities, often found incidentally, with still challenging diagnosis by imaging due to polymorphic appearance.
Purpose: Based on a retrospective analysis of our series (12 patients) and systematic literature review (1990-2022), to
organize data about PH and identify features to improve characterization.

Study Type: Retrospective case series and systematic review.

Population: Twelve patients (mean age 48 years, 55% female) with pathology-proven PH and 49 patients (mean age
52 years, 67% female) identified in 33 studies from the literature (1990-2022).

Field Strength/Sequence: 1,5-T; T1-weighted (T1W), T2-weighted (T2W), diffusion-weighted (DW), contrast-enhanced
(CE) TTW imaging.

Assessment: We compared our series and literature data in terms of demographic (gender/age/ethnicity), clinical charac-
teristics (symptoms/physical examination/liver test), associated conditions (malignancies/infectious/hematologic/genetic or
chronic disorders/drugs or toxic exposure) percentage. On magnetic resonance imaging lesion numbers/shape/mean max-
imum diameter/location/mass effect/signal intensity were compared. PH pathological type/proposed imaging diagnosis/
patient follow-up were also considered.

Statistical Tests: Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case Reports/Series quality assessment.
Intraclass correlation and Cohen's kappa coefficients for levels of inter/intrareader agreement in our experience.

Results: Patients were mainly asymptomatic (92% vs. 70% in our study and literature) with associated conditions
(83% vs. 80%). Lesions showed homogeneous T1W-hypointensity (58% vs. 65%) and T2W-hyperintensity (58%
vs. 66%). Heterogeneous nonspecific (25% vs. 51%), centrifugal (34% vs. 8%), or rim-like centripetal (25% vs. 23%)
patterns of enhancement were most frequent, with hypointensity on the hepatobiliary phase (HBP), without restricted
diffusivity. Good inter- and intrareader agreement was observed in our experience. Concerning JBI Checklist, 19 out
of 31 case reports met at least 7 out of 8 criteria, whereas 2 case series fulfilled 5 and 6 out of 10 items
respectively.

Data Conclusion: A homogeneous, not well-demarcated T1W-hypointense and T2W-hyperintense mass, with heteroge-
neous nonspecific or rim-like centripetal or centrifugal pattern of enhancement, and hypointensity on HBP, may be helpful
for PH diagnosis. Among associated conditions, malignancies and drug exposures were the most frequent.

Level of Evidence: 4

Technical Efficacy: Stage 2
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eliosis hepatis (PH) is a rare benign condition that is
Pcharacterized by sinusoidal dilatation associated with the
formation of blood-filled cystic cavities in the parenchyma.'
It was first reported by Wagner in 1861, and was later named
“Peliosis” by Schoenlank in 1916, which stems from the
Greek word “Pelios” that means “reddish” or “bluish,” refer-
ring to the autopsy liver appearance in a young lady who died
from miliary tuberculosis.”’ Epidemiological data are scarce,
but hepatic involvement is the most frequent, occasionally
occurring in any part of the reticuloendothelial system
(i.e., bone marrow, spleen, or lymph-nodes); very few studies
indicated that other organs such as parathyroid glands, lungs,
and kidneys may be affected as well.”> PH has been reported
to be associated with several underlying debilitating condi-
tions, such as hematologic malignancies, as well as medica-
tions, with a reported incidence of up to 22% in post-
transplantation patients.”® Histopathologically, it is classified
into two types: parenchymal and phlebectatic PH.” The first
type consists of irregular spaces not lined by endothelium,
while the second is characterized by regular spaces with endo-
thelial lining.”

Regarding the clinical appearance, PH is frequenty
asymptomatic and thus often represents an incidental diagno-
sis.>? Tt is a poorly known condition both to clinicians and
radiologists, without pathognomonic imaging features and
frequently misdiagnosed, being often confused with other
benign and malignant lesions.'®™"” The vast majority of arti-
cles dealing with PH are case reports, and only very few man-
uscripts described its magnetic resonance imaging (MRI)
features together with iconographic patterns.®'®'”

We have retrospectively analyzed 12 pathologically con-
firmed original MRI cases of PH, in addition to those identi-
fied following a systematic review of the literature, with the
goal of identifying potential characteristic features of PH to
enable its diagnosis by imaging.

Materials and Methods

This retrospective study was conducted in accordance with the Dec-
laration of Helsinki (as revised in 2013). Patients’ medical records
and the Digital Imaging and Communications in Medicine
(DICOM) files were anonymized before their extraction; the imag-
ing reports were de-identified prior to the analysis. Therefore, patient
care was not affected and patient privacy was maintained through-
out. Institutional review board approved the retrospective analysis of
the data while the written informed consent was waived based on

the retrospective nature of this study.

Study Design

We conducted a multicenter retrospective case-based study by col-
lecting MRI features, epidemiological and clinical data of patients
diagnosed with PH between 2015 and 2022 from Careggi Hospital
of Florence and Spedali Civili Hospital of Brescia Diagnostic Imag-
ing Department. Additionally, we performed a systematic review of
the literature from January 1990 to June 2022 gathering the full
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spectrum of MRI appearances as well as epidemiological and clinical
data of PH, according to PRISMA guidelines (Preferred Reporting
Ttems for Systematic Reviews and Meta-Analyses).*

Clinical Subjects

PATIENTS AND METHODS. The patient search and selection
process used in the two aforementioned hospitals are reported
(Fig. 1). Inclusion criteria were: studies involving MRI examinations
with T1-/T2-weighted (T1W/T2W), contrast-enhanced T1W (CE-
T1W), diffusion-weighted (DW) images and a pathology-proven
diagnosis of PH. Incomplete studies, those with uninterpretable
MRI examinations due to artifacts or reporting a diagnosis not histo-
logically confirmed, were excluded.

By analyzing medical records, we obtained patient demo-
graphic data (gender, age, and ethnicity), clinical characteristics
(symptoms, physical examination findings, or liver test function
abnormalities), history of associated conditions (malignancies, infec-
tious, hematologic, genetic or other chronic disorders, drugs or toxic
of PH

phlebectatic). When available, follow-up examinations were ana-

exposure), and pathological type (parenchymal or
lyzed. We obtained the proposed imaging diagnosis by reviewing the

reports.

IMAGING PROTOCOLS. Acquisitions were performed with
1.5-T MRI body scanners (Aera and Avanto at Careggi Hospital of
Florence and Spedali Civili Hospital of Brescia, respectively; Siemens
Healthineers, Erlangen, Germany) with a maximum gradient
strength of 45 mT/m, a peak slew rate of 200 mT/m/msec, and a
4-channel phased array body coil. The acquisition protocol was
reported (Table 1).

The apparent diffusion coefficient (ADC) map was automati-
cally calculated on a picture archiving and communication system
(PACS) workstation. CE-MRI data were obtained after the adminis-
tration of a dose of 0.025 mmol/kg of body weight of liver-specific
CA (gadolinium ethoxybenzyl-diethylenetriaminepentaacetic acid,
Gd-EOB-DTPA, Primovist; Bayer Schering, Berlin, Germany)
followed by 20 mL of sterile saline solution, injected via the
antecubital vein, with a flow rate of 1 mL/s using a power injector
(Veris; Medrad Inc., Pittsburgh, PA, USA). A three-dimensional
(3D) gradient-recalled echo T1W breath-hold sequence with fat sup-
pression was acquired before and after the intravenous administra-
tion of Gd-EOB-DTPA. The delay for the hepatic artery phase was
determined by Care Bolus technique (mean delay time, approxi-
mately 30 seconds); the acquisition was repeated again at 70, 180 sec-
onds, and 20 minutes during the portal vein, transitional, and
hepatobiliary phase (HBP), respectively.

IMAGE ANALYSIS. All examinations were evaluated by three
independent radiologists, one with 30 years of experience (S.C.) and
two radiologists with 15 years of experience (L.C. and C.N.) in
abdominal imaging. The assessment was carried out twice by each
reader, with an interval of 1 month, using a PACS workstation (ver-
sion Syngo plaza-VB30D Siemens Medical Healthineers, Erlangen,
Germany). Number of lesions, shape (round, oval, or irregular),
boundaries (ill-defined or well demarcated), and mean maximum
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FIGURE 1: Flow diagram showing our patients search and selection process.

TABLE 1. MRI Protocol With Acquisition Parameters

Axial GRE T1W Axial FS Axial HASTE Coronal 3D Axial AlelEalDE\:)IV)I
In/Out Phase TSE T2W T2W HASTE T2W FSGRET1  0-750 mm?/s
TR, msec 170/490 1000/5254 327 1000/5294 3.26/4.4 6000
TE, msec 1.59/3.26 85/106 96 92/97.50 1.5/2 63
FOV, mm, 300-420 300-420 390 300-420 300-420 420
AP-RL

Matrix 104 x 256 104 x 256 104 x 256 104 x 256 104 x 256 104 x 256
Thickness, mm 4-6 4-6 4-6 4-6 2.3-3 4-6
Fat sat method Dixon SPAIR N/A N/A SPAIR SPAIR

GRE = gradient-recalled echo; TIW = TI1 weighted; FS = fat

HASTE = half-Fourier acquisition single-shot turbo spin echo; 3D =

DW = diffusion weighted; TR = repetition time; TE = echo time;
SPAIR = spectral attenuated inversion recovery; NA = not applicable.

saturation; TSE = turbo spin echo; T2W = T2 weighted;
three-dimensional; EPI = echo planar imaging; SE = spin echo;

FOV = field of view; AP = anterior—posterior; RL = rightleft;

diameter were evaluated on the unenhanced T1W images, which
ensured the best spatial and contrast resolution.

Regarding the lesion site, when PH extended to more than
one segment, all segments were considered as affected. In accor-
dance with Coinaud’s liver subdivision scheme, segments 1-4 and
5-8 were considered as parts of the left and right lobe, respec-
tively.?' Percentages of segment involvement and lobe localization

were calculated, and mass effect was reported if lesion(s) caused
displacement or compression on the biliary or blood vessels. The
signal intensity (SI) of each lesion on T1W/T2W/CE-T1W/DW
images and ADC map was visually assessed. SI was defined in
comparison with the surrounding parenchyma, as follows: homo-
geneous hypo/iso/hyperintensity, if uniform; heterogeneous, if not
homogeneous; in this case the lesion was defined according to
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dominant SI (hypo/iso/hyper), and the lesser foci (ring/central
core SIs) were described.

Based on CE-T1 dynamic imaging, each lesion’s pattern of
enhancement was described as: homogeneously high or persistently
low in all dynamic phases; rim-like centripetal (with enhancement
from the periphery to the center), or centrifugal (in the opposite
direction); heterogeneous nonspecific in the remaining cases. The
presence/absence of “target sign” aspect (globular central vessel-like
enhancement) was evaluated. After assessing the inter- and intra-
reader agreement, discrepancies were resolved by consensus between
the three readers. The mean maximum diameter was derived from
the mean of the measurements obtained by each observer. Possible
associations between enhancement patterns, pathology, associated
conditions, proposed diagnosis, and follow-up were investigated.

STATISTICAL ANALYSIS. Collected data were analyzed using the
SPSS® v. 26.0 statistical analysis software (IBM Corp., New York,
NY; formerly SPSS Inc., Chicago, IL).

Intra- and interreader agreements were determined for each

designated parameter as follows:

* Cohen’s kappa was calculated for categorical variables used
to analyze lesion number, shape, boundaries and site, as
well as SI on MR sequences, pattern of enhancement, tar-
get sign in arterial phase, and mass effect. Kappa values of
0.01-0.20, 0.21-0.40, 0.41-0.60, 0.61-0.80, 0.81-0.99,
and 1 represented slight, fair, moderate, substantial, almost
perfect, and perfect agreement, respectively.

* Intraclass correlation coefficient (ICC) was used for the
only continuous variable represented by the mean maxi-
mum diameter. The ICC values of 0.00-0.10, 0.11-0.40,
0.41-0.60, 0.61-0.80, and 0.81-1.0 represented no,
slight, fair, good, and very good agreement, respectively.

Literature Data

SEARCH STRATEGY. An online database search on PubMed

(https://pubmed.ncbi.nlm.nih.gov), Scopus  (https://www.scopus.
com/home.uri), and Web of Science (https://www.webofscience.
com/wos/woscc/basic-search) was performed selecting studies that
were published between January 1, 1990, and July 30, 2022. Our
systematic review was based on the following PICO questions>>
does a systematic literature review (I) and new case series (P) provide
the imaging eclements needed to accurately distinguish peliosis
(O) from many other hepatic focal lesions (C)? The keywords used
for the literature search were ((peliosis[Title]) AND (hepat*[Title])

AND (imaging[Title])).

STUDY SELECTION. Search results were evaluated and selected
on the basis of titles and abstracts; duplicates were excluded.
Abstracts and full texts of all the studies that emerged from the sea-
rch were matched against our study inclusion criteria. The selection
of studies meeting the inclusion criteria was independently con-
ducted by two reviewers (V.R. and D.M., 7 years of experience in
abdominal imaging, respectively). In case of diverging opinions
between reviewers on including a study, a final consensus was
reached through the input of a third reviewer (S.C., 30 years of
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experience in abdominal imaging). The study search and selection
process are reported (Fig. 2). The inclusion criteria were as follows:
publications written in English with PDF available; presence of MRI
information, including at least one of the following sequences:
T1W/T2W, CE-T1W, and/or DW sequences; presence of at least
one illustrative figure of PH (to exclude meta-analyses, reviews, or
commentary without original case/s); and presence of epidemiologi-
cal (at least age and sex) and clinical data (information about symp-
toms, or physical examination or liver test function) of patients with
pathology-proven PH. References of the included studies were also
evaluated.

QUALITY ASSESSMENT. Quality assessment of the selected arti-
cles was independently performed by two reviewers (V.R. and D.M.)
who evaluated the entire literature database. Disagreements were
resolved by the independent judgment of a third reviewer (S.C.).
The overall quality of case reports and series was evaluated using the
Joanna Briggs Institute (JBI) Critical Appraisal Checklist for Case
Reports®® and for Case Series,** respectively; these checklists include
items about patient inclusion criteria, clinical and procedural man-
agement, outcome/follow-up information, and take-home mes-
sages.”> Both scales aim to assess the methodological quality of a
study and examine its characteristics with several items requiring

< 2 <
>

answers schematized as “yes,” “no,” “unclear” or “NA” if the item

was not applicable.”*

DATA EXTRACTION. The full text of the selected studies was
analyzed. Data extraction was performed filling a form designed to
address the search questions consisting of: article title; patient demo-
graphics (gender, age, and ethnicity); clinical characteristics (symp-
toms, physical examination, or liver test function abnormalities);
associated conditions (malignancies, infectious, hematologic, genetic
or other chronic disorders, drugs or toxic exposure); number of
lesions, shape, mean maximum diameter, location, and spatial rela-
tionship with biliary and blood vessels; SI on T1W/T2W/CE-T1W
images, DW images and ADC map; proposed imaging diagnosis;
pathological type of PH; and follow-up information. In a way similar
to our case series, when literature PH sites extended to more than
one segment, all segments were considered as affected. Similarly, per-
centages of lobe localization, in accordance with Coinaud’s liver sub-
division scheme?' were calculated. Extracted data were collected in a
Microsoft Excel spreadsheet (version 18.2210.1203.0; Microsoft
Corp., Redmond, WA, USA). Data extraction was performed by the
same two reviewers (V.R. and D.M.) independently by using a spe-
cific and standardized form. Disagreements were resolved by the
independent input of a third reviewer (S.C.), which checked all

extracted data.

Results

Patient Selection for Our Cases

Out of 17 cases collected retrospectively, 3 were excluded due
to the absence of a histological diagnosis, and 2 due to
incomplete MRI examinations, with 12 patients meeting our
inclusion criteria (Fig. 1).

85U8017 SUOLLLIOD BA 118810 8|qeo! dde au) Aq peueAob e Sa[oie YO ‘85N JO S3|NJ I0j ARIqiT8UIIUQ A1 UO (SUOTHIPUOO-PUB-SWB /W00 A8 | 1M Ake.q)1|Bul[U0//:SANy) SUORIPUOD Pue SWie | 8U188S *[£202/c0/62] Uo ARiqiTeuliuo AB|IM ewesis azuelld I eIseAIN AQ £2982° UWI/Z00T 0T/I0p/wW0d A8 | im Afeiqjpuluoy/:sdny wo.j pepeojumod ‘0 ‘985222ST


https://pubmed.ncbi.nlm.nih.gov
https://www.scopus.com/home.uri
https://www.scopus.com/home.uri
https://www.webofscience.com/wos/woscc/basic-search
https://www.webofscience.com/wos/woscc/basic-search

=
= Records identified through
E database searching (501)
b= PubMed (N = 226)- Scopus (N =177)
§ Web of Science (N = 98)
— )
Records after duplicates
- removed (N = 343)
Q
g
a
Records screened by
title and abstract (N = 343)
—)
— l
Records after no English-written
papers and no original patients
2 presentation removed (N = 182)
®
]
Full-text articles assessed
for egibility (N = 182)
}
ki
3 Studies included in
2 the synthesis (N =33)

—_—
(N =158)
Records excluded (no English-
— written papers, no original
patients presentation (N = 161)
Full-text excluded (no MRI
— features, or not assessed for

Calistri et al.: Peliosis Hepatis on MRI

Duplicates removed

eligibility, with reasons) N = 149

FIGURE 2: Flow diagram showing the study search and selection process.

Reader Agreements for Our Cases
As regard to the categorical variables, both intra- and inter-
reader agreements were good, with kappa values ranging from
0.75 to 0.94 (substantial to almost perfect agreement).
Moreover, with regard to the mean maximum diameter,
a very good agreement was found, both within each single
reader (intrareader reliability) and between the three observers
(interreader reliability), with ICC values ranging from 0.84 to
0.93 and from 0.82 to 0.90, respectively.

Literature Data

The initial search produced 501 studies. After selection,
33 articles were reviewed (Fig. 2): 2 case series/original arti-
cles?®?° and 31 case reports,2’3’5’6’lo’l1’17’27‘50 for a total of
49 histologically confirmed PH patients (Fig. 2).

Regarding quality assessment, among the 31 case
reports, 19 met at least 7 out of 8 criteria from the JBI
Appraisal Checklist for Case Reports, considering that the
parameter referring to adverse events/unanticipated events
was deemed as not applicable in 18 out of 31 case reports.

The two case series fulfilled 5 and 6 out of 10 items
from JBI Appraisal Checklist for Case Series respectively, as
they did not clearly report inclusion criteria nor follow-up

data or clear clinical information. So, statistical analysis was
not deemed useful. Quality assessment results are available
(Supplemental Material 1). It should be underlined that the
vast majority of these studies did not report the complete
characteristics of the lesions in all MR sequences.

Epidemiological and Clinical Features

Clinical data derived from our series included four males
(33%) and eight females (67%), with a mean age of 52 years
(age range 3684 years), all Caucasians (our main patient
population). They were asymptomatic in 11 (92%) cases, but
1 patient presented recurrent abdominal pain. In five (42%)
patients, the lesions were detected on follow-up exams. Ten
(83%) patients had associated conditions (Table 2) at the
time of PH detection, and the majority were patients on hor-
monal and antimetabolites/antineoplastic drugs (50%). In
four (33%) patients, hepatomegaly was detected. Liver func-
tion tests were normal in all patients.

Out of 49 patients from the literature, 22 were male
(45%) and 27 were female (55%), with a mean age of
48 years (age range 9-78 years), prevalently Asians (70%),
likely due to a higher number of Asian papers included in the
analysis. Symptoms were present in 30% of cases, and in

5

85U8017 SUOLLLIOD BA 118810 8|qeo! dde au) Aq peueAob e Sa[oie YO ‘85N JO S3|NJ I0j ARIqiT8UIIUQ A1 UO (SUOTHIPUOO-PUB-SWB /W00 A8 | 1M Ake.q)1|Bul[U0//:SANy) SUORIPUOD Pue SWie | 8U188S *[£202/c0/62] Uo ARiqiTeuliuo AB|IM ewesis azuelld I eIseAIN AQ £2982° UWI/Z00T 0T/I0p/wW0d A8 | im Afeiqjpuluoy/:sdny wo.j pepeojumod ‘0 ‘985222ST



15222586, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmri.28673 by Universita Di Firenze Sistema, Wiley Online Library on [29/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

DULOUIIAD)
6y :
asvastp Sunsvy - visvidviow projafu suaSousyy - sna1 g SUvdIEy - 29 [PUR] -
P SUBSTM vy Py . 14 S g v 1127 174Uy
ISVISIP S U0AYT) PUv IV - 1q (AdeIoy e12q-uoIpINY - v1ULIUYNGOIS0AIVUL UOLSUIPITN - M SULPAIL] - 429UDI IIVIUIUV] -
%&.ie%&&& T 08O
Quzindordvaioui-9 . ]
SULSLANIUY Ur2a |00 - SquaSp sarssasddnsounumuy - vurogalue Hdumpy - SHIPAVIOPUI JVIIAHIVY - S1xsex) -
077" (N
607U
&Q.aﬁmtm&@\ 40 - \@m&tﬂ SQ&&QMS«ﬁSS\ - h%&@&@& N§§M.N\~§\ a1 ey WOBOIJUTL 10eN Aremgq - JV19240107) -
visp113uryduidy
sy - $4011J24f2 UOA] - ISVISIP § UDUIISY’) - sungdouopoly] - 42oups 2vIS04] -
¢ m«ms\mg&* pastutosdulorounutuy
pur AIH u) snjjiovg
vuviuinb vjjauogvg
S} - asnqe sureso) - opordy Juady I1sv4U07) - aspastp aanpiafjoidojolpy - wpasuag vijouoLvg - SIUIYNIT -
LY 1q 12SMgE dUred0)H [oporay D P 2anpAH04G0[A N pjosusy vy d nuoynI]
1q (JEWN[EADD
<
:_ ﬁovmmomﬁwuv
<
2 1 0y 2uIqEIRaded
ows\.m@\&\@be
< <
oa Ncmuﬁmmmu oururnorqs-9
< <
m&.ﬁ&&&ﬁ ¢ Q@@SSS
arvXaAI0G UL “UISOUIPPAX0IY
o - £-04014D)-g sursdorqrvzy pandind
< _wm,o@m&ﬁ&%mﬁa&% sruadoslr0quioiys vuiogdu]
W smfjaut sa12qv(T - 19101 Y7 sz - LO[pUp SHOGUIIUMIIUY - supwdotpy - stprfig - s urySpory -
m @&SN&\ JPUIL 21U04G") - UOHITUINSUOI [04OI[Y UL - . prouy svidy - AsoudoT - pPULOUINIS -
©
S o219V 043539
m Jou352q)11sMip121p JOZVUVY
) qupqIn WNIUPP) . SPIODIS IOqUUD ©
5
o Juonvurdsuvy QpIXO WNLLOG] DIUISIY 1o S2Andaoenuod [ero DULOUIIADI
ﬂMwJ JpudL daaz] ovipary) - Iprojyr [lutakjod suixoy - e Raoﬁm\@@ta\u JPHOULIOET - pruoup Juljouay 211030494 dS - SISOIN2UIGNT - ADN]jI0IvdoL] -
5 s1_YO fAprxo, sSmaq sIopI0sI(] drdo[orewaf] SUOTOJUY sapueuSIeN
©
c
w sipedal sisol|ad 0} paieIdossy suoiipuo) ‘Z 319v.L
9




15222586, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/jmri.28673 by Universita Di Firenze Sistema, Wiley Online Library on [29/03/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Peliosis Hepatis on MRI

Calistri et al.:

‘uoneosse surqeanades pue upedsmo Yim 190ued omnseS Yum 1] | uone
-1D0SsE qewn[eAInp pue ‘Opisodolo ‘une[dsod I patean) seam 1o0Ued Juny Yam 1 ] @dusradxd 1o uf *(9dua1ejar pardiosiadns amm e :s1uoj oIl eoustadxa mo :s1uoj proq) 1usned 9g

W
Aw«\muzomumvvozsaam

U—Aﬂdmhdxr gowrmwoD) -

Agavdodus avpngniolu

payuy-x ‘sisosqif

ously visvivaisuvyar
218vgatoutay Kipppassg AOIUDI

(44
AIPLOSIP I1JIUIE) - jprauopusy -

auto4puds

S ua3ols snsorpmayilis
sndny s1utarshs

SHLLYID PLOJPULNILYL

SISVISIP IVUNIGY - AIIUDI ISVILL -

¢
d
I g, Jo0ued
Ouvudosg - ceeorg? SV TUOIUD] - Sunry -
s1_YPO Aprxoy, sSnx(q sIapIosI(] drdojorewaL] suonoayuf sopueudife

panuiuoj "z 3719v.1




Journal of Magnetic Resonance Imaging

70% of the patients PH was an incidental finding. The most
frequent symptom was upper abdominal pain (20% of cases),
followed by fever (6%), weight loss (6%), and fatigue (6%).
On physical examination, hepatomegaly was present in 12%
of patients. A nonspecific increase in liver function tests was
observed in 12% of patients. In 18 (37%) patients, the
lesions were new with respect to previous imaging exams.

Associated conditions were present in 39 (80%)
patients, as shown in Table 2. The most frequent associated
conditions were treatment with hormonal and antimetabo-
lites/antineoplastic drugs (35% of patients), and colorectal
and gastric cancer among the malignancies (29%).

Lesion Location and Their Relationship With Biliary
and Blood Vessels

In our experience, five (42%) patients had only one lesion.
The others had multiple lesions (17% between 2 and
5 lesions, 17% between 6 and 10, and 24% more than
10 lesions).

Lesions were located in the right lobe, the left lobe, or
both in 33%, 17%, and 50% of the patients, respectively,
without a preferential segment site. The mean maximum
diameter of measurable PH nodules was 27 mm (size range
3—-63 mm). One patient had confluent, unmeasurable lesions
in the right lobe (Fig. 3). A round or oval-shaped lesion was
found in 50% of cases, while irregular shapes were found in
the other half of patients. Ill-defined and well-demarcated
boundaries were shown in 43% and 57% of cases,
respectively.

After reviewing the literature, 27 (56%) patients had
single/isolated lesions with the remaining 22 (44%) pre-
senting multiple lesions (16% between 2 and 5 lesions; 8%
between 6 and 10 lesions; 20% more than 10 lesions).

Lesions were located in the right lobe, the left lobe, or both
in 56%, 11%, and 33% of the patients, respectively, without
a preferential segment site. Fifty-four percent of patients had
PH nodules less than 20 mm, 38% between 21 and 50 mm,
8% greater than 50 mm, with a mean maximum diameter of
23.5 mm (size range 6-130 mm). The shape of the lesion
was round/oval in 74% of patients and irregular in 26%. IlI-
defined and well-demarcated boundaries were described in
55% and 45% of patients, respectively. Mass effects on vascu-
lar and biliary vessels were not observed neither in the litera-

ture nor in our experience.

Lesion Signal Intensity on Unenhanced MRI

All possible imaging patterns found on unenhanced images,
together with the relative percentages of presentation, are
summarized (Table 3). Patients of our series showed homoge-
neous (58%) or heterogeneous hypointensity (42%) on T1W
images, the latter including lesions with isointense foci (25%)
and “targetoid” lesions with hyperintense ring (17%). On
T2W

hyperintense lesions, and 42% had heterogeneous lesions

imaging, 58% of patients had homogenous
with isointense foci. Heterogeneous lesions on T1W images
maintained a heterogeneous appearance on T2W imaging in
all cases. On images with high &-values (750 mm?/s) from
DW acquisitions, 83% of patients had lesions showing signal
hyperintensity, with ADC values equivalent to (25%) or
higher than (50%) that of the surrounding parenchyma. A
targetoid appearance with peripheral hyperintense halos and
hypointense core was observed in two patients (17%), both
on DW images and ADC maps (Fig. 4).

Most of the lesions described in the literature showed
homogeneous T1W-hypointensity (65% of patients) and
homogeneous T2W-hyperintensity (66%), and, on images

FIGURE 3: A 67-year-old male with histologically proven idiopathic diffuse peliosis without associated conditions. On MRI multiple
lesions are observed in both hepatic lobes. The largest lesions are confluent in the right lobe, showing hypointensity on unenhanced
T1-weighted images (a), centrifugal enhancement from arterial (b) to portal (c) and transitional (d) phase, hyperintensity on
T2-weighted (e) images. On high b-value DWI (f) and ADC map (g) no signs of restricted diffusion are visible. Hypointensity on

hepatobiliary phase (h) is shown.
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FIGURE 4: A 41-year-old female taking oral contraceptives for 2 years. During MRI follow-up for hepatic hemangioma (not shown), a
new onset nodule is observed in segment 6. It shows iso-hypointensity on unenhanced T1-weighted image (a, white arrow),
heterogeneous nonspecific pattern of enhancement on arterial (b), portal (c) and transitional (d) phase, heterogeneous
hyperintensity on T2-weighted image (e). Targetoid appearance with peripheral hyperintense halos and hypointense core was
observed both on high b-value DWI (f) and on ADC map (g). Heterogeneous hypointensity with foci of relative hyperintensity is
shown on hepatobiliary phase (h). On histological examination dilated sinusoids with regressive changes in the surrounding

parenchyma suggestive for PH were detected.

with high &-values (750 mm?/s) from DW acquisitions,
homogeneous isointensity (57%), or hyperintensity (43%).
The literature did not report ADC values.

T1W-heterogeneous lesions (22% of patients) included
hypointense lesions with iso- (10%) or hyperintense (6%)
foci, and with “targetoid” appearance with hyperintense cen-
tral core (6%). Furthermore, T2W-heterogeneous lesions
(27% of patients) included hyperintense lesions with iso-
intense foci (23%) and with “targetoid” appearance (4%,
with hypointense central core). The T1W-heterogeneous
lesions appeared heterogeneous on T2W images in 75% of
cases. Multiple PH nodules in the same liver showed similar
imaging features, except for three patients, presenting with
more than 10 lesions, where only larger lesions showed het-
erogeneous T1W and T2W SL

Patterns of Enhancement
In our study, Gd-EOB-DTPA was used in all cases
(Table 4). The lesions mainly showed centrifugal (34% of
patients) (Fig. 5), heterogeneous nonspecific (25%), and
rim-like centripetal (25%) enhancement (Fig. 6). Consider-
ing single phases, the following observations have been
made: on arterial phase, 42% of patients showed a peripheral
rim enhancement, 33% hyperintensity (homogeneous or het-
erogeneous with small foci relatively less hyperintense), 17%
target sign aspect; on transitional phase, 92% of patients
showed homogeneous iso- to hyperintensity or heterogeneous
hyperintensity with foci relatively less hyperintense; on HBP,
all patients showed hypointense lesions. A schematic represen-
tation of the most common pattern of contrast enhancement is
reported (Fig. 7).

Peripheral rim enhancement on arterial phase was asso-
ciated with two filling patterns: prevalently, with a rim-like

10

centripetal pattern (75% and 60% of cases, in the literature
and our experience, respectively), but not infrequently with a
heterogeneous nonspecific pattern (25% and 40% of cases,
respectively). The target sign was associated with a centrifugal
pattern in all cases, both in the literature and in our
experience.

In the literature, conventional CAs were used in
34 patients (69%), being a liver-specific CA (Gd-EOB-
DTPA) adopted in 5 patients (10%); the other 10 patients
(21%) received no CA or administration was unspecified.
The pattern of enhancement (Table 4) was described as het-
erogeneous nonspecific in 51% of patients, and rim-like cen-
23%.  Less
homogeneously high in all dynamic phases (10%), or centrif-
ugal (8%) or persistently low (8%). On arterial phase, 44%
of patients showed hyperintensity (homogeneous or heteroge-

tripetal  in frequently enhancement was

neous with small foci relatively less hyperintense), 35%
peripheral rim enhancement, and 9% target sign aspect. On
equilibrium/transitional phase, 80% of patients showed
homogeneous iso- or hyperintensity, or heterogeneous
hyperintensity with small foci relatively less hyperintense. On
HBP, 80% of patients showed homogeneous hypointense PH
lesions. Multiple PH nodules in the same liver shared a simi-

lar pattern of enhancement.

Histopathology Confirmation of PH

The diagnosis of PH for our patients was based on histopath-
ological findings (12 core biopsies). The histological type was
not specified. All 49 cases of PH in the literature had histo-
pathological confirmation of the diagnosis as a result of either
core biopsy (67%) or resection (29%) or post-mortem
autopsy (4%). The histological type of PH was reported in
24 patients: 54% presented the parenchymal type, while 46%
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FIGURE 5: A 70-year-old female with history of biliary tract infection, recurrent abdominal pain. On MRI multiple irregularly shaped
lesions are observed on both hepatic lobes. They show homogeneous signal hypointensity on unenhanced T1-weighted images (a),
centrifugal pattern of enhancement from arterial (b) to portal (c) and transitional (d) phase, with target sign on arterial phase more
evident in some of the nodules (b, white arrows). The homogeneous hyperintensity on T2-weighted (e) and T2-weighted fat sat
images (f), and the absence of restricted diffusion on high b-value DWI (g) and on ADC map (h) are shown. Histological examination
confirmed liver parenchyma with peliosis, characterized by dilated sinusoidal spaces with congestion.

the phlebectatic type. Histopathological finding of sinusoidal
obstruction syndrome associated with PH was observed in
one patient from the literature and one patient from our
experience (Fig. 8).

Proposed Imaging Diagnosis

From the reports analysis, lesion characterization was pro-
posed in 41 patients (11 out of 12 in our series and 30 out of
49 in the literature, respectively); out of these, an ultimately
correct diagnosis of PH was hypothesized by MRI only in
7 cases (17%).

In case of misdiagnosis, among those believed to be
malignant lesions, the most frequent ones included liver
metastasis in 17 (41%) patients and hepatocellular carcinoma
(HCC) in 4 (10%), while benign ones included hepatic hem-
angioma in 6 (15%) and inflammatory pseudotumor in
3 (7%) patients. Other less frequently proposed diagnoses are
listed (Table 5).

Patient Follow-Up Examinations

Information about patient imaging or clinical follow-up
exams was available for 7 (58%) patients from our experience
(from 3 months to 3 years), and for 17 (35%) patients from
the literature (from 3 months to 1 year). Out of these
24 patients with follow-up information, resolution or size
decrease of PH nodules was reported in 7 (29%); in 4 cases
(20%) such change was reported following drug cessation or
therapy modification (Table 5). Numerical or size increase of
PH nodules was reported in six (25%) patients, three of them
receiving hormonal therapy. Finally, stable disease at 3-
6 months was reported in six (25%) patients. Severe compli-
cations (eg, post-biopsy hemoperitoneum, severe liver failure,
death from sepsis) arose in six (25%) patients, mostly when
PH was associated with immunosuppression or severe

common variable
immunodeficiency. On MRI multiple hepatic round nodules

FIGURE 6: A 43-year-old male with

appeared during immunosuppressive therapy, showing
unenhanced T1 hypointensity (a), a rim-like centripetal pattern
of enhancement from arterial (b) to portal (c) and transitional (d)
phase (white arrow in more evident lesion), homogeneous
hypointensity on hepatobiliary phase (e), homogeneous T2
hyperintensity (f). Histological examination (g, hematoxylin-
eosin, original magnification x200) shows blood filled spaces
partially lined by endothelium (white arrows) around a central
vein (black arrow). The findings are indicative of peliosis hepatis.
Numerical and size increase of the lesion is seen on MRI at
1 year (h, T2-weighted image).
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PELIOTIC PATTERNS OF ENHANCEMENT
IN RELATION WITH SITE AND EXTENSION OF SINUSOINDAL RUPTURE

(] o
a ° ] L
® [a}
L o k=]
1o ® © o
® ® (3]
o o o o
[+ L ®
(3] (s}
° o °
° ©
Normal hepatic
parenchymal
° L [ ] ° L o
b L [ J L ] c ° ° ] d ® ®
L] © (5]
Q o e =] L L]
o o o of o o
e 5 ® ) ®
1o o 1o o o ° o
L J L J e o L
® [ @
o ° ° <] o o o o o
] (=) a o [ ] o

Centrifugal pattern with
arterial target sign

Centripetal pattern with
arterial peripheral rim

Heterogeneous non-
specific pattern

FIGURE 7: Schematic representation of the most common pattern of contrast enhancement observed in peliosis hepatis. Hepatic
lobule with centrilobular vein (blue circle) and arterial branch (red circle) representation in normal hepatic parenchyma is shown (a).
When the endothelial damage of the sinusoids occurs around an arterial vessel, the lesion will likely show a progressive centrifugal
enhancement often associated to the arterial target sign (b). If the damage is prevalently around a dilated central vein, the nodule
will show an arterial peripheral rim with progressive centripetal enhancement (c). If peliotic lacunae are partly or fully thrombosed,

the enhancement can be heterogeneous nonspecific (d).

hematologic disorders such as Fanconi anemia or common
variable immunodeficiency (67% of cases). No associations
between the pathological type of PH, patterns of enhance-
ment, evolution during follow-up, and proposed imaging
diagnosis were observed (Table 5). Given the fragmentary
nature and evident variability of the data, statistical tests were
not performed.

Discussion

Both our series and literature review have suggested polymor-
phic appearance of PH: on unenhanced imaging, a homoge-
neous, ill-demarcated  hypo/hyperintense  lesion  on
T1W/T2W images, without restricted diffusivity can be more
frequently found. The enhancement pattern was highly vari-
able, but more frequently it was heterogeneous nonspecific or
rim-like centripetal or centrifugal, always with hypointensity
on the HBP. Patients often had a history of malignancies,
chronic pathologies, and drug exposure.

On imaging, PH is frequently misdiagnosed with other
benign or malignant focal liver lesions.>” On ultrasound

(US), it can appear as a hypo- and hyperechoic lesion in

14

patients with fatty and normal liver structure, respectively.
The most common CE-US enhancement pattern is a mild
heterogeneous hyper-enhancement on arterial phase, with
washout in portal venous phase, similar to other hepatic

5

tumors.”> On computed tomography (CT), enhancement

patterns are variable and PH nodules with a diameter smaller
than 1 cm might be missed on unenhanced images.2’17’27’5 2
Lesions can show variable echogenicity/density/SI, primarily

blood
tomography  both

in presence of hemorrhages or clots. On

fluorodeoxyglucose-positron  emission

isometabolic and hypermetabolic PH nodules have been
reported.m’52

Opverall, no specific epidemiological or clinical features
of PH have been observed. It affects adults more commonly,

but it can occur at any age.’ In line with previous

2,18,5: . . . .
k,>'®%% most patients in our analysis were asymptomatic

wor
at initial presentation. When present, clinical symptoms and
abnormal liver tests were nonspecific. Although often idio-
pathic (20%-50% of cases), several conditions have been
considered as possible causative factors of PH, including
long-term intake of drugs, malignancies, hematological condi-

2,18

tions, or infectious diseases. However, currently no
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FIGURE 8: A 64-year-old female with lung cancer. MR was performed after 1 year of chemotherapy for abdominal pain. A nodule
slightly hypointense on unenhanced T1-weighted image is shown (a, white arrow). On arterial (b), portal (c) and transitional (d) phase
the pattern of enhancement of the lesion is heterogeneous nonspecific, while the liver parenchyma shows a mosaic pattern of
enhancement, with reticular aspect on hepatobiliary phase (e, axial scan; f, coronal scan). On T2-weighted (g) and fat sat
T2-weighted (h) images the nodule appears heterogeneously hyperintense. Histological examination (i, hematoxylin—eosin, original
magnification x200) shows blood filled spaces lined by endothelium (white arrows) and dilated sinusoidal spaces (black arrows).

e

direct relationship between the

H 11,54-57

evidence supports a
abovementioned factors and the development of P
Also, our analysis demonstrated that conditions associated with
PH were present in most patients. Furthermore, we frequently
found PH lesions to be of new onset according to imaging.
Although with some differences in rates between exis-
ting studies and our series, some reproducible and rather typi-
cal MRI features of PH might have been observed. Regarding
PH nodules, those can be single or multiple, round or oval-
shaped, with ill-defined or well-demarcated boundaries. A
lack of mass effect on vascular/biliary structure is characteris-
tic. Being the most frequent appearance on TIW/T2W
images, a homogenous hypo/hyperintensity appearance,
respectively, a higher percentage of PH nodules showed T1W
and T2W heterogeneous SI in our experience vs. the litera-
ture. We believe that these differences reflect various stages
and distributions of the bleeding components of the lesions
or the presence of hemorrhagic necrosis.””> The most part of
patients showed no signs of restricted diffusivity. Targetoid
appearance, with a hypointense core both on DW images and
ADC map, was observed in less than one-fifth of cases. This
was probably consistent with coagulative necrosis in the mid-
dle part of the lesion, showing low signal on DW1I not due to
high diffusivity but to an absence of diffusible substrate (spin

mobile lessening effect or dark through).58

Calistri et al.: Peliosis Hepatis on MRI

Differences between literature results and our series
were more evident on CE-T1W images. Specifically, PH nod-
ules mostly showed heterogeneous nonspecific enhancement
in the literature vs. centrifugal enhancement in our group of
patients. A similar percentage of patients showed rim-like
centripetal, homogeneously high, and persistenty low
enhancement. On arterial phase, most patients showed
hetero-/homogeneous  hyperintensity or peripheral rim
enhancement. The arterial target sign was less frequent, but
typically always associated with a centrifugal pattern. On
equilibrium/transitional phase, most patients showed hetero-/
homogeneous iso/hyperintensity.

The variability in shape, edges, and enhancement of PH
could be related to its pathogenesis.

Specifically, PH has often been considered a particular
hepatic focal lesion, but in our opinion, it may be better
understood as a type of parenchymal damage. Previous stud-
ies have suggested that the pathological mechanism behind
the disease involves the loss of integrity of tissue microcircula-
tion with the breakdown of reticulin fibers supporting hepa-
tocytes and sinusoids.’® Moreover, an association between
PH and hepatic outflow obstruction has been reported.' "%
Our analysis might confirm this association in patients with
PH on chemotherapy and sinusoidal obstruction syndrome.*

Both the two conditions would fall within the sinusoidal forms

15
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of hepatic outflow obstruction, as a consequence of endothe-
lial damage to the sinusoids, and the pattern of enhance-
ment of the peliotic lacunae could depend on the site and
extension of the sinusoidal wall rupture.””®® Thus, we
hypothesize that if the damage is essentially located around
an arterial vessel, the lesion might show a homogeneously
high persisting enhancement or a progressive centrifugal
enhancement with an arterial target sign. Conversely, if the
damage is predominantly located around a dilated central
vein, the PH nodule might show an arterial peripheral rim
enhancement with progressive centripetal or heterogeneous
nonspecific patterns. Lastly, if cavities are partly or fully
thrombosed, or non-enhancing areas of hemorrhagic paren-
chymal necrosis are present, the enhancement can be hetero-
geneous nonspecific or persistently low. The vascular nature
could be

hypointensity on HBP, where foci or rim of signal

of peliotic lesions confirmed by signal
hyperintensity may indicate the presence of hepatocytes
spared from parenchymal destruction. More specifically, the
histological classification of PH into parenchymal and
phlebectatic peliosis, in our opinion, appears to be outdated.
In fact, classification of peliosis on the basis of absence/
presence of endothelium is not tenable due to the fact that,
initially, the spaces may have no endothelial lining, but re-
endothelialization may occur rapidly.®’ Thus, parenchymal
and phlebectatic peliosis are probably two different phases
of the same process. The rupture of sinusoidal walls in the
parenchymal type would constitute the early phase of PH,
and the phlebectatic type would be seen as the end phase
after endothelial coverage repair.®***® Furthermore, both
histological types might coexist and may result in thrombo-
sis and hemorrhage.”® Lastly, according to previous work,
we have not found distinct associations between the histo-
logical type, the pattern of enhancement, and the clinical
course of the disease.'®*>48

With regards to the differential diagnosis, PH can be
considered a great mimicker. The initial diagnostic hypothesis
on MRI was different from PH in the majority of patients,
consisting of 12 different types of focal liver lesions. First of
all, it can be difficult to differentiate PH from metastases.
The bright SI on T2W images and the longer retention of
CA of PH may allow us to distinguish peliotic lesion from
hypervascular metastases, which usually show rapid enhance-
ment and frequent washout due to intratumoral
neoangiogenesis.'™'” An ill-defined margin and the lack of
mass effect of PH can help in the differential diagnosis with
hypovascular metastases.'”'” In addition, peliotic lesions
rarely show homogeneous signal hypointensity on ADC maps
vs. metastases.””"%>

The higher SI on T2W images and the persistent
enhancement on equilibrium phase of PH may enable us to
differentiate them from HCC.? However, HCC can show

atypical enhancement patterns, intralesional complications
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(such as hemorrhage, cystic degeneration, and necrosis), and
variable SI on HBP according to the grade of malig-
nancy.””® Lastly, not only have cases of HCC with PH in
the non-cancerous parts of the liver been described, but cases
of pelioid-type HCC have also been reported.®* They are
moderately or poorly differentiated HCCs, with early irregu-
lar enhancement of the peripheral part of the lesion and
pooling of CA in the middle part, most likely due to exten-
sive peliotic change.®®

Considering benign focal liver lesions, hemangiomas are
the most frequent cause of misdiagnosis. PH can show cen-
tripetal enhancement, similar to the one of typical hemangi-
oma.'” On the other side, atypical hemangiomas can show
centrifugal enhancement.'”'” Moreover, hemangiomas of
considerable volume usually have globular (vs. rim-like of
PH) peripheral progressive enhancement and a mass effect,
which is not shown by PH.*'" Sometimes PH may show a
targetoid ~ aspect  similarly to  hepatic  inflammatory
pseudotumor. However, after CA administration, inflamma-
tory pseudotumors most frequently show a three- or two-
layered concentric targetoid aspect. In addition, they are fre-
quently associated with the plasma positivity for [gG4.°

Signal hyperintensity on HBP generally enables us to
differentiate between focal nodular hyperplasia and PH with
homogeneously high patterns of enhancement.®”*® It is more
difficult to differentiate PH from hepatocellular adenoma,
especially in case of the inflammatory type, showing high SI
on T2W images, heterogeneous enhancement, and
hypointensity on HBP.® In detail, PH-like blood-filled cavi-
ties have been observed about in 60% of these lesions, more
frequently in the largest ones.”” In these patients, biopsy is
often required to reach a definitive diagnosis. According to
the literature, prognosis of PH is variable. If drug-induced, it
generally resolves after cessation of medications, if infection-
related, it typically shows regression after appropriate treat-
ment of the pathogen, and if idiopathic, it more often may
persist.3’17’3 ° In some cases, complications mainly represented
by hemorrhagic events such as liver rupture and hemo-
peritoneum may occur.>”! The most severe complications
arose mostly in cases where PH was associated with immuno-
suppression or severe hematologic disorders. This could con-
firm that the clinical course of PH might be determined
mainly by the underlying disease that caused the peliosis,
rather than by the histological type.*®

Limitations

Regarding the literature studies, it must be emphasized that
we followed the applicable PRISMA items and proposed a
systematic review, but a meta-analysis was not performed.
This is because the data found in the literature were very frag-
mented as most publications were case reports or series. So,
the final analysis involved large discrepancies in the features
presented, determined, in part by the great differences
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regarding equipment and acquisition methods. Moreover, the
very few examples and short follow-up durations of the
lesions in the studies from the literature only allowed a partial
evaluation of PH over time. Despite these limitations, in our
opinion, the main peliosis patterns have been sufficiently
described. Regarding the retrospective part of the study, a
limitation was represented by a relatively small number of
patients belonging to our series (nevertheless, one of the most
numerous series found in the literature). A second limitation
could be seen in the difference in ethnicity of cases from the
existing literature, which was made up of 70% Asians, vs. our
cases who were all Caucasians. Finally, we used Gd-EOB-
DTPA in all of our patients. Only a few patients in the litera-
ture, conversely, were evaluated with a liver-specific CA. We
are advised that by using Gd-EOB-DTPA, it is possible to
experience a pseudo-wash out phenomenon due to a rapid
passage of CA into the hepatocytes.””> However, in our cases
this phenomenon was never detected, probably due to the
histological peculiarity of PH.

Conclusion

Our work might confirm the polymorphic appearance of
PH. However, it also demonstrated that when atypical focal
liver lesions with homogeneous hypo/hyperintensity on
T1/T2W images, heterogeneous nonspecific or centrifugal or
rim-like pattern of enhancement, hypointensity on HBP,
without restricted diffusivity and a definite mass effect, the
diagnosis of PH must be considered. This is particularly the
case when lesions are new in onset in patients with underly-
ing malignancies, chronic conditions, and drug exposure.
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