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Hematologic Malignancies of the 
Liver: Spectrum of Disease1

The incidence of hematologic malignancies and their extranodal 
manifestations is continuously increasing. Previously unsuspected 
hepatic involvement in hematologic malignancies such as 
Hodgkin disease and non-Hodgkin lymphoma, posttransplant 
lymphoproliferative disorder, myeloid sarcoma (chloroma), 
multiple myeloma, Castleman disease, and lymphohistiocytosis 
may be seen by radiologists. Although the imaging features of 
more common hepatic diseases such as hepatocellular carcinoma, 
metastases, and infection may overlap with those of hepatic 
hematologic malignancies, combining the imaging features with 
clinical manifestations and laboratory findings can facilitate correct 
diagnosis. Clinical features that suggest a hematologic neoplasm as 
the cause of liver lesions include a young patient (<40 years of age), 
no known history of cancer, abnormal bone marrow biopsy results, 
fever of unknown origin, and night sweats. Imaging features that 
suggest hematologic malignancy include hepatosplenomegaly or 
splenic lesions, vascular encasement by a tumor without occlusion 
or thrombosis, an infiltrating mass at the hepatic hilum with no 
biliary obstruction, and widespread adenopathy above and below 
the diaphragm. Familiarity with the imaging features of hepatic 
hematologic malignancies permits correct provisional diagnosis and 
may influence therapeutic management. For example, when biopsy 
is performed, core biopsy may be needed in addition to fine-needle 
aspiration so that the tissue architecture of the neoplasm can be 
discerned. The predominant treatment of hematologic malignancies 
is chemotherapy or radiation therapy rather than surgery. Online 
supplemental material is available for this article.
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After completing this journal-based SA-CME activity, participants will be able to:
■■ Discuss the spectrum of hepatic hematologic malignancies.

■■ Describe the imaging and clinical features of primary and secondary hematologic 
malignancies of the liver.

■■ Recognize the imaging features of hepatic hematologic malignancies that assist in 
provisional diagnosis.

See www.rsna.org/education/search/RG.

SA-CME LEARNING OBJECTIVES

Introduction
Hematologic malignancies include a wide spectrum of lymphoprolifera-
tive and myeloproliferative disorders with nodal and extranodal manifes-
tations. Hepatic involvement is a common extranodal manifestation of 
common and some rare hematologic malignancies (1–3). Although the 
imaging features of some hepatic hematologic malignancies are nonspe-
cific, some types have characteristic imaging features. When these fea-
tures are combined with specific clinical manifestations, the possibility 
of hematologic malignancy of the liver may be raised. This may change 
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enopathy), splenomegaly or splenic lesions, and 
bone marrow disease or a leukemic blood profile 
should not be seen for at least 6 months after the 
onset of hepatic disease (8). However, hepatic 
hilar adenopathy may be seen in PHL (Fig 1). 
More than 50% of patients with PHL present 
with right upper quadrant pain or jaundice. The 
B symptoms (systemic symptoms) of lymphoma, 
such as fever and weight loss, are found in about 
one-third of patients with PHL (6). PHL is com-
monly associated with viral hepatitis B and C 
and Epstein-Barr virus, but the pathophysiology 
of PHL is poorly understood. The incidence of 
PHL has increased in recent years, particularly 
in patients with human immunodeficiency virus 
(HIV) infection, predominantly because of im-
munosuppression. Most cases of PHL are of B-
cell lineage (6,9).

Lymphomatous involvement of the liver may 
manifest at imaging as a discrete focal liver mass 
or masses, diffuse infiltrating disease, or an ill-
defined mass in the porta hepatis (5,6,9–13). 
The most common imaging manifestation of 
PHL is a solitary discrete lesion, which is seen in 
about 60% of cases (Fig 1). Multiple lesions are 
seen in 35%–40% of patients (9), although one 
lesion is likely to be dominant (Fig 2). Diffuse 
infiltration is uncommon in PHL and indicates 
a poor prognosis (9). In contrast, multifocal le-
sions or diffuse infiltration is the most common 
pattern of secondary hepatic lymphoma (90%) 
(Fig 3). Numerous small discrete nodules (in a 
miliary pattern) are distributed throughout the 
liver in about 10% of cases of Hodgkin disease 
and secondary non-Hodgkin lymphoma of the 
liver (2) (Fig 4). Another point of distinction is 
that dominant liver masses are not typically seen 
in secondary lymphoma (2,12) but are charac-
teristic of PHL (Fig 1). In addition, untreated 
nodules in secondary hepatic lymphoma are 
usually homogeneous, even when large (Figs 
3, 5), while the dominant masses in PHL are 
typically heterogeneously enhancing (Figs 1, 2) 
(2,12). By definition, splenic lesions are not seen 
in patients with PHL but are seen in 30%–40% 
of patients with secondary non-Hodgkin lym-
phoma (Fig 3).

At US, the nodules usually are hypoechoic 
(Fig 6) or, rarely, anechoic and may resemble 
cysts. The absence of posterior acoustic enhance-
ment indicates that the lesions are solid. Nodules 
may have a “target” appearance, with central hy-
perechoic and peripheral hypoechoic components 
(2,5). Increased peripheral vascularity in PHL 
nodules has been described at Doppler US and 
may mimic findings of hemangioma (11). The 
preliminary findings in a study of contrast-en-
hanced US suggest that PHL demonstrates mild 

the diagnostic management in some circumstances. 
For instance, core biopsy may be required rather 
than fine-needle aspiration to improve diagnostic 
accuracy and reproducibility among pathologists 
(4). In addition, therapeutic management may be 
altered because the primary treatment of hemato-
logic malignancies may be chemotherapy and/or 
radiation therapy rather than surgery.

In this article, we review the imaging features 
of hepatic hematologic malignancies, including 
Hodgkin disease and non-Hodgkin lymphoma, 
posttransplant lymphoproliferative disorder 
(PTLD), myeloid sarcoma (chloroma), multiple 
myeloma, Castleman disease, and hemophagocytic 
lymphohistiocytosis (HLH). The characteristic 
clinical and imaging findings of these diseases are 
described, and differential diagnosis is discussed. 
(For a concise summary, see Table E1.)

Primary and  
Secondary Hepatic Lymphoma

PHL is defined as lymphoma that is confined to 
the liver and perihepatic nodal sites at patient 
presentation, without distant involvement (5,6). 
PHL should be differentiated from lymphoma 
that secondarily affects the liver because the man-
agement and prognoses differ. Secondary liver 
involvement is seen in at least 50% of patients 
with non-Hodgkin lymphoma at autopsy. In con-
trast, PHL is rare and accounts for less than 1% 
of all non-Hodgkin lymphomas (7).

In patients with PHL, distant lymphadenopa-
thy (including superficial and mediastinal ad-

TEACHING POINTS
■■ In patients with PHL, distant lymphadenopathy (including 

superficial and mediastinal adenopathy), splenomegaly or 
splenic lesions, and bone marrow disease or a leukemic blood 
profile should not be seen for at least 6 months after the onset 
of hepatic disease.

■■ In patients who present de novo with focal liver masses, fea-
tures that suggest the diagnosis of lymphoma include no 
known history of primary malignancy, young age (<40 years), 
B symptoms, splenic lesions, splenomegaly, and widespread 
abdominal or mediastinal lymphadenopathy.

■■ The incidence of PTLD and the prognosis vary according to 
the organ transplanted, recipient age, and intensity of im-
munosuppression therapy. The risk for developing PTLD is 
greatest within 1 year of transplantation and declines over 
time thereafter.

■■ Myeloid sarcoma (granulocytic sarcoma or chloroma) is a 
rare extramedullary proliferation of immature myeloid cells. 
It is most commonly seen in patients with AML and occurs in 
3%–5% of these patients.

■■ Radiologically detectable extraosseous manifestations occur 
in 10%–16% of patients with multiple myeloma. The lymph 
nodes, pleura, and liver are the most commonly involved or-
gans.
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inhomogeneous hyperenhancement in the arterial 
phase and contrast agent washout in the portal 
and late phases (14).

At CT, lymphomatous nodules commonly have 
soft-tissue attenuation but enhance to a lesser de-
gree than the liver parenchyma on arterial, portal 
venous, and delayed phase images (Figs 1–5). The 

Figure 1.  PHL in a 51-year-old man with night sweats. Axial CT images show a solitary mass in the left lobe of the liver (arrow), 
with a patent vessel (arrowhead in a) seen coursing through the mass. The spleen is uninvolved. Periportal nodes are seen (arrow-
heads in b), but there is no other abdominal adenopathy. Lymphoma was suspected and was proven at biopsy.

Figures 2, 3.  (2) PHL in a 57-year-old man with fever and 
night sweats. Axial CT image shows two contiguous lesions (ar-
row and arrowhead) in the liver, with one lesion being domi-
nant (arrow). Biopsy demonstrated lymphoma. No evidence of 
lymphoma outside the liver was seen at bone marrow biopsy or 
PET. (3) Secondary hepatic large B-cell non-Hodgkin lymphoma 
in an 83-year-old woman who presented for disease restaging. 
(a) Axial contrast-enhanced CT image shows multiple discrete 
homogeneously hypoenhancing hepatic masses (arrows) and a 
splenic mass (black arrowhead). The right hepatic vein (white 
arrowhead) is seen coursing through the mass without occlu-
sion or constriction. (b) Axial fluorodeoxyglucose (FDG) PET/CT 
image shows avidly hypermetabolic lesions (arrows).

lesions may demonstrate hemorrhage, necrosis, or 
a rim-enhancement pattern (2,5,13). Calcification 
is rare in the absence of treatment. A multiphase 
CT study is not indicated for diagnosis of hepatic 
lymphoma because the lesions typically are hypo-
vascular in all phases. 

At MR imaging, the nodules tend to be hypo- 
or isointense on T1-weighted images and moder-
ately hyperintense on T2-weighted images (Fig 7), 
with an enhancement pattern similar to that seen 
at CT. At T2-weighted MR imaging, a “target” 
appearance, with a hyperintense poorly enhancing 
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Figure 6.  Primary large B-cell hepatic lymphoma in an 
83-year-old woman with elevated results on liver function 
tests. US image shows multiple solid heterogeneously hy-
poechoic masses (arrowheads). This imaging finding cannot 
be differentiated from metastatic cancer.

Figure 5.  Differentiating primary from secondary hepatic 
lymphoma in a 77-year-old woman with known lymphoma 
who presented with splenomegaly at physical examination. 
Axial CT image shows hepatomegaly with discrete, predomi-
nantly homogeneous, hypoenhancing masses (arrow). An 
unaffected vessel (white arrowhead) is seen coursing through 
the mass, and splenomegaly is also seen (black arrowhead). 
The combination of hepatosplenomegaly and vessel encase-
ment without occlusion suggests a hematologic disorder. 
Secondary lymphoma is associated with splenomegaly and 
homogeneous masses. 

Figure 4.  Miliary pattern in an 82-year-old man with sec-
ondary large B-cell hepatic lymphoma who presented with 
abdominal fullness. Coronal CT image shows multiple solid 
hypoenhancing masses (arrowhead) in a miliary pattern 
throughout the liver. Moderate periportal adenopathy (black 
arrow) and splenic lesions (white arrow) are also seen.

reasons other than lymphomatous involvement, 
such as infection or, rarely, drug toxicity. Opportu-
nistic infections such as fungal microabscesses and 
septic emboli are the two most common differ-
ential diagnoses for secondary hepatic lymphoma 
(Fig 10) (2). A diagnosis of fungal microabscess 
is favored if there is a history of immunosuppres-
sion, fever, or an abnormal white blood cell count. 
Although CT may depict perilesional hyperemia 
in fungal microabscesses, the imaging features 
may overlap with those of PHL, and tissue sam-
pling may be warranted for definitive diagnosis. 
Metastases from cancer may also manifest as 
multiple FDG-avid hypoenhancing hepatic le-
sions but would be a less likely consideration in 

center and peripheral enhancement, has been de-
scribed in about 15% of lesions (Fig 8). Diffusion-
weighted MR imaging is an important component 
of the imaging protocol for characterization of 
suspected lymphomatous lesions. The highly 
cellular nature of lymphoma typically results in 
restricted diffusion. Diffusion-weighted imaging 
may allow earlier identification of disease in some 
cases when compared with traditional MR imag-
ing sequences (Fig 7). Diffusion-weighted imag-
ing has the benefit of not requiring intravenous 
contrast material. Whole-body diffusion-weighted 
imaging has been suggested to be as sensitive as 
FDG PET/CT (15–17) for lymphoma staging. 
FDG PET/CT typically demonstrates avid hyper-
metabolism (Fig 3) in both primary and second-
ary hepatic lymphoma (18–22). PET/CT is usu-
ally the imaging modality of choice for staging and 
for assessing treatment response.

The differential diagnosis includes hepatocel-
lular carcinoma (HCC), which is substantially 
more common than PHL. Both HCC and PHL 
may occur in patients who have cirrhosis with viral 
hepatitis. Both neoplasms may be infiltrative, may 
show mild signal hyperintensity on T2-weighted 
MR images, and may demonstrate restricted diffu-
sion (Fig 9). Imaging findings of lymphadenopa-
thy below the level of the renal veins, poor lesion 
enhancement in all contrast-enhanced phases, and 
vascular encasement without thrombosis favor a 
diagnosis of lymphoma (2,23). Imaging findings 
of arterial phase enhancement, delayed contrast 
material washout with capsular enhancement, and 
vascular thrombosis suggest HCC. In general, 
hepatic lymphomas are avidly hypermetabolic at 
PET, while most HCCs are not (18,24).

In a patient with lymphoma who is undergoing 
chemotherapy, focal liver lesions may be due to 
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Figure 8.  “Target” appearance of lesions in an 80-year-old man with large B-cell secondary hepatic lymphoma. 
(a) Axial T2-weighted MR image shows multiple hepatic lesions (arrows) with a targetlike appearance, with a hy-
perintense center and a hypointense periphery. A more infiltrative mass (arrowhead) in the porta hepatis extends 
into the left lobe and obstructs the bile duct. (b) Axial gadolinium-enhanced MR image shows the targetlike 
lesions (arrows) with poorly enhancing centers. The ill-defined infiltrating mass (arrowhead) is seen in the porta 
hepatis. 

Figure 7.  Hepatic lymphoma in a 56-year-old woman in whom vague hepatic lesions were seen on initial CT im-
ages. (a, b) Axial T1-weighted (a) and T2-weighted (b) MR images show numerous nodules (arrows), some conflu-
ent, which are hypointense on the T1-weighted image and hyperintense on the T2-weighted image. (c) Diffusion-
weighted MR image (b = 500 sec/mm2) shows the lesions (arrows) as hyperintense relative to the liver, a finding 
suggestive of restricted diffusion. (d) Axial gadolinium-enhanced MR image shows mildly hypoenhancing lesions 
(arrows) that are not as well depicted as in b and c.
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cases of known lymphoma. In patients who pre
sent de novo with focal liver masses, features that 
suggest the diagnosis of lymphoma include no 
known history of primary malignancy, young age 
(<40 years), B symptoms, splenic lesions, spleno-
megaly, and widespread abdominal or mediastinal 
lymphadenopathy.

Hepatic lymphoma is typically treated with 
chemotherapy, with the treatment regimen dic-
tated by the histologic subtype. Therefore, sug-
gesting the diagnosis of hepatic lymphoma versus 
HCC, metastasis, or infection contributes to ap-
propriate management because surgery or liver-
directed therapy (for HCC and metastasis) and 
antibiotic administration and drainage (for infec-
tion) may be obviated.

Posttransplant  
Lymphoproliferative Disorder

The development of PTLD after solid organ 
transplantation remains a challenging diagnostic 
and therapeutic problem. Epstein-Barr virus in-
fection has been linked to 85% of PTLD cases 
(1,25). Epstein-Barr virus is thought to induce 
prolonged activation in B lymphocytes (in 85% 
of cases), which may lead to an irreversible 

Figure 9.  Infiltrative HCC in a 67-year-old man with cirrhosis and elevated a-fetoprotein levels. (a, b) Axial gadolin-
ium-enhanced arterial phase (a) and venous phase (b) MR images show no discernible abnormality in the right lobe 
of the liver (arrow). (c) Axial T2-weighted MR image shows definite signal hyperintensity in the right posterior lobe 
(arrows), with extension of high signal intensity into the right portal vein (arrowhead). (d) Diffusion-weighted MR 
image (b = 500 sec/mm2) shows signal hyperintensity in the right lobe (arrows) and right portal vein (arrowhead), 
findings that suggest focal restricted diffusion. The findings in c and d are suspicious for infiltrating HCC. Biopsy 
demonstrated poorly differentiated HCC.

Figure 10.  Fungal microabscesses 
in a 52-year-old woman with AML 
who presented with fever. Axial 
CT image shows small, ill-defined, 
low-attenuating hepatic masses (ar-
rows) with surrounding hyperemia. 
Guided liver biopsy demonstrated 
fungal microabscesses.
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Figure 11.  PTLD in a 61-year-old man who presented with abdominal fullness 9 months after orthotopic liver transplant. Axial ar-
terial phase (a) and venous phase (b) CT images show a large, well-defined, hypoenhancing mass in the left lobe, with a preserved 
small artery (arrow in a). Surgical clips from inferior vena cava anastomosis are seen (arrowhead). Biopsy demonstrated PTLD. 

transforming genetic event (1). T-cell, natural 
killer cell, and plasma cell activation have also 
been described in PTLD, although they are rare. 
The American Society for Transplantation has 
reported that the term may be applied to post-
transplant infectious mononucleosis and plasma 
cell hyperplasia (reactive hyperplasia) in addition 
to neoplastic disease. When the term is not quali-
fied, it usually refers to monomorphic neoplastic 
disease (26). The World Health Organization 
classification system describes four major histo-
pathologic subtypes of PTLD: early hyperplas-
tic lesions, polymorphic lesions, monomorphic 
lesions, and classic Hodgkin-type lymphomas 
(27,28). However, a recent expert panel has 
made additional changes to the PTLD classifica-
tion because the current classification system cor-
relates poorly with treatment options and prog-
nosis (29). The latest classification system takes 
into account histology, Epstein-Barr virus clonal-
ity, the Epstein-Barr virus status of the recipient, 
and tumor localization. The following section 
discusses malignant monomorphic PTLD.

The incidence of PTLD and the prognosis 
vary according to the organ transplanted, recipi-
ent age, and intensity of immunosuppression 
therapy. The risk for developing PTLD is greatest 
within 1 year of transplantation and declines over 
time thereafter (30). The frequency of PTLD is 
substantially higher in pediatric recipients, who 
are more likely to be Epstein-Barr virus seronega-
tive than are adults and thus are more prone to 
transplant-induced Epstein-Barr virus infection 
(31). The prevalence of PTLD is reported to be 
1%–10% after solid organ transplant (1,25,32), 
and PTLD occurs after liver transplant in 2%–7% 
of cases. The prevalence of PTLD is reported as 
5%–20% after small bowel and lung transplants 

(31). Unlike lymphoma in the general population, 
PTLD has a high propensity for extranodal in-
volvement (80%). The liver is the most commonly 
involved abdominal organ (50%), followed by the 
small bowel (25%) and kidneys (17%) (33).

At CT and MR imaging, three patterns of 
PTLD are seen. The most common manifesta-
tion of PTLD in the liver is one or more poorly 
enhancing masses (Figs 11, 12) (33,34). Occasion-
ally, an ill-defined, heterogeneous, infiltrating mass 
is seen (31,33–36). When there is an infiltrative 
tumor, T2-weighted or diffusion-weighted MR 
images may better depict disease compared with 
gadolinium-enhanced MR images (Fig 11).) A 
third pattern, characterized by a mass in the porta 
hepatis with biliary tree involvement and peri-
portal lymphadenopathy, may be a characteristic 
feature of PTLD in liver transplant recipients (33) 
(Figs 13, 14). The portal vessels may be encased 
and occasionally are constricted. Vascular throm-
bosis or occlusion does occur but is substantially 
less common in PTLD than in other hepatic ma-
lignancies such as HCC or cholangiocarcinoma. 
In our review of patients with hepatic PTLD for 
this article, we found that three of 19 patients had 
portal vein constriction or focal thrombi. Other 
imaging manifestations of PTLD include spleno-
megaly or splenic lesions, gallbladder or bowel wall 
thickening, biliary obstruction, and adenopathy. 
PET is considered to be more accurate than CT 
or MR imaging for disease staging and assessing 
response to therapy, with active lesions being ex-
tremely hypermetabolic at PET (37,38).

It may be difficult to differentiate the discrete 
hepatic lesions of PTLD from findings of op-
portunistic infection in posttransplant patients. 
Serology, cultures, and sometimes liver biopsy 
are required for clarification. PTLD may occur 
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eloid blasts or precursor cells, with or without 
maturation. At immunohistochemical analysis, 
myeloid sarcoma stains positive for myeloper-
oxidase, which results in green staining of the 
lesions (hence the term chloroma). Cytogenetic 
abnormalities such as t(8;21) chromosomal 
translocation, blast differentiation, cell-surface 
markers, and lack of Auer rods have been associ-
ated with a higher incidence of extramedullary 
leukemia (45). A diagnosis of myeloid sarcoma 
indicates a poor outcome, irrespective of the 
clinical manifestations. Given the influence of 
the diagnosis of myeloid sarcoma on the prog-
nosis, radiologists should recognize the distribu-
tion and imaging features of myeloid sarcoma.

The most common sites of myeloid sarcoma in-
volvement are the bones, lymph nodes, soft tissues, 
skin, and breasts. Less common sites are the geni-
tourinary tract, gastrointestinal system, head and 
neck, and thorax (41,44). The imaging features 
of hepatic myeloid sarcoma are nonspecific and 
are similar to those of hepatic lymphoma. How-
ever, despite nonspecific imaging findings, the 
diagnosis of myeloid sarcoma can be made in the 
clinical context of known AML. Discrete masses 

Figure 12.  PTLD in a 56-year-old man with elevated liver function test 
results 6 months after kidney transplant. (a) Axial T2-weighted MR im-
age shows multiple poorly defined, mildly hyperintense hepatic masses 
(arrowheads). (b) Axial contrast-enhanced venous phase MR image 
shows barely visible lesions (arrowheads) in both lobes. (c) Coronal 
fused FDG PET/CT image shows the lesions as avidly hypermetabolic 
(arrowhead). Note the transplanted kidney (arrow).

in patients who underwent orthotopic liver trans-
plant for cirrhosis with HCC. It usually is pos-
sible to differentiate PTLD from recurrent HCC 
on the basis of imaging characteristics (Fig 15). 
The most common pattern of HCC recurrence 
after liver transplant is multiorgan involvement 
(39). The organs most commonly affected by re-
current HCC after transplant are the liver (62%), 
lungs (56%), and bones (18%) (40).

PTLD is typically treated with a reduction in 
immunosuppression therapy, which allows res-
toration of Epstein-Barr virus–specific cytotoxic 
T lymphocytes (32). Refractory cases may be 
treated with antiviral therapy and/or chemoradia-
tion (28,32).

Myeloid Sarcoma 
Myeloid sarcoma (granulocytic sarcoma or chlo-
roma) is a rare extramedullary proliferation of 
immature myeloid cells. It is most commonly 
seen in patients with AML (41–44) and occurs 
in 3%–5% of these patients (43). The incidence 
of myeloid sarcoma is increasing as patients with 
AML undergo intensive chemotherapy and bone 
marrow transplant. Myeloid sarcoma is associ-
ated with other myeloproliferative conditions, 
such as chronic myeloid leukemia and myelodys-
plastic syndrome, and is uncommonly associated 
with essential thrombocythemia and polycythe-
mia vera (44). Myeloid sarcoma may manifest 
during remission or relapse of the underlying 
hematologic disease and has been reported to 
occur during remission of a hematologic malig-
nancy in up to 20% of cases (44). It rarely may 
predate the onset of AML (41,44). At histopath-
ologic analysis, myeloid sarcoma consists of my-
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Figures 13, 14.  (13) Periportal infiltrative pattern of PTLD in a 69-year-old woman with previous liver transplant who 
presented with abdominal pain. (a) Axial CT image shows a poorly defined mass (arrow) in the periportal region. The mass 
is causing biliary obstruction, and a biliary stent is seen (black arrowhead). Focal nonocclusive portal vein thrombosis is also 
seen (white arrowhead). (b) Coronal reformatted CT image shows the mass (black arrows) and biliary stent (arrowhead). 
The hepatic artery (white arrow) runs through the mass without occlusion. (14) PTLD manifesting as a periportal mass in 
a 35-year-old man with a history of liver transplant who presented with abdominal tenderness. (a) Coronal reformatted 
CT image shows a large periportal mass (black arrows) enveloping but not occluding the main portal vein (arrowhead). 
The tumor also involves the liver (white arrow). (b) Coronal reformatted CT image obtained after medical therapy shows 
complete resolution of the mass.

Figure 15.  Differentiation of PTLD from HCC in a 54-year-old woman who underwent orthotopic liver transplant for cirrhosis 
with HCC and presented for routine HCC screening. Axial CT images show a large mildly hyperenhancing mass (arrows), with 
patent vessels seen coursing through the mass in b. Surgical clips are seen in the inferior vena cava (arrowhead in a).The findings 
are suspicious for PTLD rather than recurrent HCC. Biopsy demonstrated PTLD.
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Figure 16.  Myeloid sarcoma in a 64-year-old man 
with myelofibrosis who presented for imaging at an 
outside institution. Axial nonenhanced CT image 
shows a poorly defined hypoenhancing hepatic mass 
(arrowhead). The finding is nonspecific, but myeloid 
sarcoma is a leading consideration for a large mass in 
a patient with a myelogenous hematologic disorder. 
Biopsy demonstrated myeloid sarcoma.

of myeloid sarcoma typically are more heteroge-
neously enhancing and less well circumscribed 
than those of hepatic lymphoma (Fig 16). The dif-
fuse hepatic sinusoidal infiltration of leukemic cells 
may result in intra- or extrahepatic biliary duct ob-
struction (46). FDG PET/CT is useful in early de-
tection when the disease is clinically occult. It also 
allows disease staging and treatment monitoring 
(41,42). Myeloid sarcoma is treated with chemo-
therapy or localized radiation therapy (47,48).

The liver may be affected by other diseases in 
patients who have received a stem cell allograft 
for hematologic malignancies. These diseases 
include sinusoidal obstruction syndrome (veno-
occlusive disease), acute graft-versus-host disease 
(GVHD), nodular regenerative hyperplasia, drug 
toxicity, PTLD, extramedullary hematopoiesis, 
atypical infections, and myeloid sarcoma. In par-
ticular, focal lesions of myeloid sarcoma should 
be differentiated from the more common acute 
GVHD (Fig 17) and fungal infections that oc-
cur in these patients with neutropenia (Fig 10). 
A detailed discussion of each of these entities is 
beyond the scope of this article. Table E2 sum-
marizes the major features of some of these disor-
ders (31,34,49–51).

Multiple Myeloma  
and Solitary Plasmacytoma

Multiple myeloma is characterized by the un-
controlled clonal proliferation of plasma cells 
originating from the bone marrow and usually 
is associated with the production of monoclonal 
paraprotein. Myeloma accounts for about 10% 
of malignant hematologic neoplasms (52,53). 
Extraosseous myeloma was once thought to be 
rare, but autopsy series have shown extraosseous 
disease in up to 64% of patients with myeloma 
(54). Radiologically detectable extraosseous 
manifestations occur in 10%–16% of patients 
with multiple myeloma (55). The lymph nodes, 
pleura, and liver are the most commonly involved 
organs. Extraosseous disease is more common in 
younger patients with myeloma and in those with 
more aggressive subtypes of myeloma (nonsecre-
tory myeloma and immunoglobulin D myeloma) 
(55). Extraosseous involvement is associated with 
a poorer prognosis.

In autopsy studies, the reported prevalence of 
hepatic involvement in myeloma is about 30% 
(54). Extraosseous disease is seen in the major-
ity (64%) of patients with myeloma at autopsy, 
with hepatic involvement seen in 28%–30% of 
patients (54). However, longitudinal cohort stud-
ies that used contrast-enhanced cross-sectional 
imaging have reported extraosseous myeloma in 
only 13% of cases (55). This discrepancy suggests 
that contrast-enhanced cross-sectional imaging 

is not performed in most patients with end-stage 
myeloma (perhaps because of renal dysfunction) 
or that CT and MR imaging are relatively in-
sensitive for detection of hepatic involvement by 
myeloma. Hepatic involvement may be unifocal, 
multifocal, or diffuse (53,54). Liver involvement 
may be asymptomatic or may manifest as hepato-
megaly, jaundice, ascites, or fulminant liver fail-
ure. Liver dysfunction in a patient with multiple 
myeloma can result from plasma cell infiltration 
or amyloidosis (56), and pathologic confirmation 
is often required.

Focal hepatic lesions are often hypoechoic 
at US. A targetlike appearance (an isoechoic 
nodule with a hypoechoic rim), mixed echo-
genicity, and, rarely, hyperechoic nodules have 
been described at US (53,57,58). At CT, the 
most common finding is hepatomegaly. Focal 
hepatic lesions are typically hypoattenuating, 
without calcification or substantial contrast en-
hancement (Fig 18) (52,53,57). Nonenhancing 
hyperattenuating lesions as well as hypervascular 
hepatic lesions have been rarely reported (53). 
Biliary obstruction may occur.

Myelomatous lesions are usually hyperintense 
on T1-weighted and T2-weighted MR images 
(52,53,57,59,60). Hyperintensity on T1-weighted 
images is presumably due to the high concentra-
tion of light chain protein in the lesions (60). 
There often is minimal enhancement on gado-
linium-enhanced images. As with other infiltra-
tive lesions, myelomatous lesions may be better 
depicted on T2-weighted images than on gado-
linium-enhanced images (Fig 19). At FDG PET/
CT, hepatic multiple myeloma demonstrates 
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Figure 17.  Acute GVHD in a 21-year-old man with fever and an elevated white blood cell count 6 weeks after hemopoietic stem 
cell transplant. (a) Axial T2-weighted MR image shows multiple hyperintense hepatic nodules (arrows) with hypointense rims. 
The spleen is not affected. No adenopathy was seen. (b) Axial gadolinium-enhanced T1-weighted MR image shows poor central 
enhancement of the nodules (arrows), with mild peripheral enhancement. A fungal infection was suspected, but biopsy demon-
strated acute GVHD. 

moderate to intense FDG uptake (53). The im-
aging findings are nonspecific and may easily be 
confused with those of metastatic liver lesions, 
especially in the absence of a clinical history of 
myeloma. The final diagnosis is often confirmed 
with tissue sampling.

Solitary plasmacytoma is an extramedullary 
malignant proliferation of plasma cells in the ab-
sence of systemic myeloma. Systemic myeloma 
is excluded by a negative skeletal survey; the 
absence of clonal proliferation of plasma cells at 
bone marrow biopsy; and the absence of hyper-
calcemia, anemia, and renal involvement of the 
myeloma. Hepatic plasmacytoma is rare, and 
patients with this tumor usually progress to full-
blown myeloma. The US, CT, and MR imaging 
appearances are variable and nonspecific. Lesions 
are hypermetabolic at PET, a finding that can be 
used to monitor response to therapy. If surgical 
resection of the tumor is not possible, radiation 
therapy is usually performed. The prognosis for 
patients with solitary plasmacytoma of the liver is 
better than for those with systemic myeloma.

Multiple myeloma is often treated with sys-
temic chemotherapy (41,42). The standard 
melphalan-based combined chemotherapy is still 
used. However, therapy for myeloma is rapidly 
evolving. Treatment is now becoming individu-
ally tailored on the basis of many factors, includ-
ing tumor burden, chromosomal translocations, 
genomic instability, and patient age. Newer 
drug therapies include immunomodulators such 
as bortezomib, thalidomide, carfilzomib, and 
pomalidomide (61–63). Stem cell transplant is 
also indicated in selected patients (64).

Castleman Disease
Castleman disease (angiofollicular lymph node 
hyperplasia or giant lymph node hyperplasia) is 
a nonclonal lymphoproliferative disorder and is 
one of the more common causes of lymphade-
nopathy, as a result of lymph node hyperplasia. 
This disease is associated with the unregulated 
overproduction of interleukin-6 (65,66). Castle-
man disease is most commonly found in the chest 
(70%), followed by the neck (15%), abdomen, 
and pelvis (15%) (66). The lymph nodes are the 
most commonly affected organ system. Extra-
lymphatic sites of involvement include the lungs, 
larynx, parotid glands, pancreas, meninges, and 
muscles (65). Liver involvement is uncommon 

Figure 18.  Extraosseous myeloma 
in a 37-year-old woman with bone 
lesions. Axial CT image obtained to 
locate a possible primary malignancy 
shows multiple solid lesions in the 
liver (arrowheads) and spleen (ar-
row). The lesions are mildly hypoen-
hancing and do not show calcifica-
tion. Biopsy of one of the liver lesions 
demonstrated myeloma.
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demonstrates less intense contrast enhance-
ment compared with the hyaline vascular form 
(65), which makes differentiation from other 
causes of lymphadenopathy more challenging. 
Central areas of hypoattenuation due to fibrosis 
or necrosis may be seen in lesions larger than 5 
cm. Nonspecific calcifications may be seen oc-
casionally. Increased FDG uptake at PET/CT 
is typical. At MR imaging, lesions demonstrate 
heterogeneous signal intensity on T1- and T2-
weighted images, with internal flow voids that 
represent the feeding vessels and intense con-
trast enhancement. The imaging features of hu-
man herpesvirus 8–associated Castleman disease 
are indistinguishable from those of the plasma 
cell variant (65).

Human herpesvirus 8 is the viral agent of 
Kaposi sarcoma. Multicentric Castleman dis-
ease due to this virus is often seen in patients 
with HIV infection. In patients with AIDS, the 
differential diagnosis for adenopathy and focal 
liver lesions includes Castleman disease, Kaposi 
sarcoma, Mycobacterium tuberculosis infection, 
Mycobacterium avium-intracellulare complex, 
AIDS-related lymphoma, bacillary angiomato-
sis, and fungal infections such as histoplasmosis 

Figure 19.  Extraosseous myeloma in a 61-year-old woman 
with known myeloma and abnormal liver function test results. 
(a) Axial T2-weighted MR image shows minimally hyperintense 
hepatic lesions (arrowheads). (b) Axial gadolinium-enhanced 
MR image does not depict the hepatic lesions. (c) Lateral skull 
radiograph shows numerous lytic lesions (arrows), a finding 
consistent with the diagnosis of extraosseous myeloma. 

(65–67). Castleman disease is classified as hyaline 
vascular or plasma cell type (68). An uncommon 
human herpesvirus 8–associated Castleman dis-
ease is also recognized.

Hyaline vascular Castleman disease accounts 
for 90% of cases. It typically occurs in young 
adults, usually affects a single site, and tends to 
have a benign course (65,66). Plasma cell–type 
disease represents less than 10% of cases and 
often is multicentric. The uncommon human 
herpesvirus 8–associated Castleman disease is 
seen in patients with acquired immunodeficiency 
syndrome (AIDS) and is associated with a poor 
prognosis (65,66).

Three patterns of involvement have been de-
scribed: (a) a solitary noninvasive mass (50% of 
cases), (b) a dominant infiltrative mass with as-
sociated lymphadenopathy (40% of cases), and 
(c) matted lymphadenopathy without a domi-
nant mass (10% of cases) (65,69). Dominant 
hepatic masses are seen with hyaline vascular 
Castleman disease. The lesions typically demon-
strate homogeneous avid attenuation at CT (Fig 
20). In contrast, an infiltrative periportal mass is 
associated with the plasma cell variant of Castle-
man disease. The plasma cell type typically 
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Figure 20.  Castleman disease in a 
47-year-old woman. Axial contrast-
enhanced CT image shows a homo-
geneously hyperattenuating peri-
portal nodal mass (arrowhead) and 
retroperitoneal nodes. Biopsy of a 
mediastinal lymph node (not shown) 
demonstrated Castleman disease.

(70,71). Adenopathy in mycobacterial infections 
and AIDS-related lymphoma tends to be hypoen-
hancing (70). Lymphadenopathy is not a major 
manifestation of opportunistic infections such as 
cytomegalovirus or of protozoa such as Crypto-
sporidium species (70).

Unicentric hyaline vascular Castleman disease 
is often curable with surgery. For patients who are 
not surgical candidates, localized radiation therapy 
may be curative (72,73). Chemotherapy is used 
in patients with inadequate surgical excision and 
those with multicentric disease. Several different 
regimens are used, including conventional chemo-
therapy agents such as steroids and cyclophospha-
mide. Many patients with multicentric Castleman 
disease, particularly those with HIV, are immuno-
suppressed and do not tolerate standard chemo-
therapy. Antiviral therapy for human herpesvirus 8 
or highly active antiretroviral therapy is helpful in 
selected cases (72,73). Rituximab is a monoclonal 
anti-CD20 antibody. It is often used as a first-line 
therapy in patients with multicentric Castleman 
disease (72,74). Immunomodulators such as inter-
feron and thalidomide have been tried. The newest 
agents are monoclonal antibodies that target inter-
leukin-6 or its receptors. Siltuximab (anti–inter-
leukin-6 antibody) and tocilizumab (anti–human 
interleukin-6 receptor antibody) have been used 
successfully in early trials (72).

Hemophagocytic  
Lymphohistiocytosis

HLH, or hemophagocytic syndrome, is a multi-
system disorder characterized by cytokine dys-
function that results in uncontrolled proliferation 
of activated cytotoxic T cells, antigen-presenting 
cells, macrophages, and histiocytes (75–79). The 
diagnostic criteria include fever, splenomegaly, 
cytopenia that affects more than two cell lines, 
hypertriglyceridemia, hyperferritinemia (>500 
µg/L), low fibrinogen level, and hemophagocyto-
sis in the reticuloendothelial system (76). Early 
clinical signs associated with HLH include fever 

(90% of cases), hepatosplenomegaly (90%), 
lymphadenopathy (42%), rashes, and neurologic 
abnormalities (47%) (75–79).

HLH manifests as either primary disease or 
secondary reactive disease. The primary form 
(familial or sporadic) occurs in young infants and 
results from genetic abnormalities that lead to de-
fects in the immune system. The secondary form 
is usually seen in adults and occurs in response 
to infective agents, rheumatologic disorders, and 
malignancies. It is more commonly seen in im-
munocompromised individuals (76,77,79). This 
form is usually self-limiting but may require che-
motherapy or immunomodulation.

At US, HLH lesions typically are solid and hy-
poechoic, with no discernible internal vascularity 
(Fig 21). At CT, solid hypoenhancing nodules are 
seen (Fig 21). The lesions are heterogeneously 
hypointense on T1-weighted MR images and 
hyperintense on T2-weighted images, with mild 
enhancement. Hepatosplenomegaly and diffuse 
lymphadenopathy are usually seen (Fig 21). Dif-
ferentiation from metastatic cancer or lymphoma 
may not be possible without biopsy.

Conclusions
Hepatic hematologic malignancies include a wide 
spectrum of lymphoproliferative and myelopro-
liferative disorders. In many cases, knowledge 
of the clinical manifestations and imaging find-
ings will raise concern for a hematologic disease 
involving the liver. Criteria that suggest hemato-
logic disease include patient age younger than 40 
years, B symptoms of lymphoma, multiple liver 
lesions with no known history of cancer, hepato-
splenomegaly or concurrent splenic lesions, vas-
cular encasement without occlusion or thrombo-
sis, and widespread adenopathy above and below 
the diaphragm. The possibility of a hematologic 
disorder may change management and obviate 
surgery. If biopsy is contemplated, core biopsy 
may be required instead of fine-needle aspiration 
to increase the possibility of correct diagnosis.
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