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Abstract
Background and aims Pseudocirrhosis is a poorly understood acquired morphologic change of the liver that occurs in the 
setting of metastatic malignancy and radiographically resembles cirrhosis. Pseudocirrhosis has been primarily described in 
metastatic breast carcinoma, with few case reports arising from other primary malignancies. We present 29 cases of pseu-
docirrhosis, including several cases from primary malignancies not previously described.
Methods Radiologic, clinical, demographic, and biomedical data were collected retrospectively and analyzed. We compared 
clinical and radiologic characteristics and outcomes between patients with pseudocirrhosis arising in metastatic breast cancer 
and non-breast primary malignancies.
Results Among the 29 patients, 14 had breast cancer and 15 had non-breast primaries including previously never reported 
primaries associated with pseudocirrhosis, melanoma, renal cell carcinoma, appendiceal carcinoid, and cholangiocarcinoma. 
Median time from cancer diagnosis to development of pseudocirrhosis was 80.8 months for patients with primary breast 
cancer and 29.8 months for non-breast primary (p = 0.02). Among all patients, 15 (52%) had radiographic features of portal 
hypertension. Radiographic evidence of portal hypertension was identified in 28.6% of breast cancer patients, compared to 
73.3% of those with non-breast malignancies (p = 0.03).
Conclusion Pseudocirrhosis has most commonly been described in the setting of metastatic breast cancer but occurs in any 
metastatic disease to the liver. Our study suggests that portal hypertensive complications are more common in the setting of 
non-breast primary cancers than in metastatic breast cancer. Prior exposure to multiple chemotherapeutic agents, and agents 
known to cause sinusoidal injury, is a common feature but not essential for the development of pseudocirrhosis.
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Abbreviations
CT  Computed tomography
MRI  Magnetic resonance imaging
NRH  Nodular regenerative hyperplasia
SOS  Sinusoidal obstruction syndrome
VOD  Veno-occlusive disease
HER2-receptor  Human epidermal growth factor receptor 

2
SAAG   Serum ascites albumin gradient
IQR  Interquartile range

Introduction

Pseudocirrhosis describes morphologic changes of the liver 
seen radiographically that mimic cirrhosis but arise in the 
setting of metastatic malignancy. The imaging features of 
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pseudocirrhosis include nodular liver surface contour, cap-
sular retraction, parenchymal atrophy, and caudate lobe 
hypertrophy [1–4]. Despite similar radiographic findings and 
clinical manifestations, pseudocirrhosis is a distinct clinical 
entity from cirrhosis that correlates with several different 
histopathological findings [1].

In 1924, the earliest report of irregular, lobulated hepatic 
pathologic changes in a case of metastatic breast cancer 
described the findings as “hepar lobatum carcinomatosum” 
[5, 6]. This term was borrowed from the similar gross patho-
logic appearance with “hepar lobatum,” a complication of 
gummatous tertiary syphilis resulting in areas of hepatic 
fibrosis and hyperplasia [7–9]. The same phenomenon of 
cirrhosis-like morphologic changes in metastatic liver dis-
ease has been described using different terminologies in sub-
sequent decades. “Metastatic carcinomatous liver cirrhosis” 
was first used in the 1950s [10–13]. The term “pseudocirrho-
sis” was used in the 1920s–1950s in reference to cirrhotic-
like changes arising secondary to pericarditis or tuberculous 
disease [14, 15]. In 1994, Young et al. first applied the term 
“pseudocirrhosis” to describe cirrhosis-like hepatic changes 
in metastatic disease [16]. In recent history, “pseudocirrho-
sis” has been the dominant term in the literature used to 
describe this clinical and radiographic finding [6, 17].

Imaging features of cirrhosis have been described since 
the early days of cross-sectional imaging [18, 19]. While 
cross-sectional imaging signs using computed tomography 
(CT) and magnetic resonance imaging (MRI) were more 
commonly described, the technological advances and higher 
resolution of ultrasound in the USA led to a significant 
increase in its clinical use [20]. The combination of its rela-
tive low cost, safety, and the evolving quantitative metrics 
that led to increased specificity has led to the increased use 
of ultrasound as a screening tool [21].

Hepatic complications of chemotherapy, including nodu-
lar regenerative hyperplasia (NRH) and sinusoidal obstruc-
tion syndrome (SOS)/veno-occlusive disease (VOD) had 
been well described when the earliest applications of the 
term “pseudocirrhosis” to refer to cirrhosis-like morphologic 
changes arising in metastatic malignancy appeared in the 
1990s [16, 22, 23]. Radiologic findings of NRH may range 
from normal liver to multiple nodules or large masses that 
are often hypodense on CT without significant enhancement 
[24].

An extensive review of pseudocirrhosis was recently pub-
lished [6]. Few studies have characterized the natural history 
of patients with pseudocirrhosis [25, 26]. In contrast to cir-
rhosis, which is an end-stage manifestation of chronic liver 
disease, pseudocirrhosis may develop more rapidly, with imag-
ing findings evolving over 1–3 months [1, 16]. In patients with 
metastatic malignancy, the development of pseudocirrhosis 
is an ominous finding, which is often associated with portal 
hypertensive complications, hepatocellular dysfunction, and 

early discontinuation of chemotherapy [25, 27]. In those who 
develop features of portal hypertension, the clinical presenta-
tion may resemble decompensated liver disease, with ascites, 
variceal hemorrhage, peripheral edema, and hepatic encepha-
lopathy [1, 28]. Transjugular intrahepatic portosystemic shunt 
(TIPS) placement has been used for relief of symptoms of 
portal hypertension, with similar efficacy as in benign hepatic 
disease [29, 30]. Increased mortality is seen in patients who 
develop pseudocirrhosis and appears to be related primarily to 
hepatocellular dysfunction or progression of malignancy [25, 
27, 31]. Those patients who develop ascites or esophageal or 
gastric varices as a manifestation of portal hypertension have 
also been shown to have poorer overall survival [32, 33].

Among 2.4 million cancer patients, 5% present with syn-
chronous liver metastases [34]. The most common primary site 
is breast cancers for younger women (ages 20–50) and colo-
rectal cancers for younger men. With older patients, a more 
heterogeneous population of cancers with liver metastases 
emerges including esophageal, stomach, small intestine, mela-
noma, and bladder cancer in addition to the large proportion of 
lung, pancreatic, and colorectal cancers [34]. The incidence of 
distant metastasis at initial diagnosis of breast cancer is 5–8%, 
but in late recurrent breast cancer, 50–80% of patients have 
metastatic disease involving the liver [35, 36]. The incidence 
of pseudocirrhosis among breast cancer patients with metas-
tasis to liver has been reported to be as high as 50–55% [25, 
37]. Approximately 75% of metastatic breast cancer patients 
receiving chemotherapy demonstrate some degree of hepatic 
contour abnormality [4].

Pseudocirrhosis has been most frequently described in 
the setting of metastatic breast cancer [38–42]. Apart from 
breast cancer, cases have been reported in primary malig-
nancies, such as pancreatic [43], colorectal [44, 45], gastric 
[46–48], esophageal [49], lung [50, 51], ovarian [52], and 
medullary thyroid cancers [53].

We report the clinical and radiographic findings of 29 
cases of patients with pseudocirrhosis associated with vari-
ous malignancies, including some previously not reported, 
from our institution. The goals of this study were to better 
characterize the radiographic and clinical findings of patients 
with pseudocirrhosis. In addition, we compare and contrast 
findings of pseudocirrhosis in breast cancer with non-breast 
cancer patients. Lastly, we discuss possible pathophysiologi-
cal causes for its development and identify therapies that 
may be associated with the development of pseudocirrhosis 
and its portal hypertensive complications.

Methods

Patients were identified through a search of available radiol-
ogy examinations of Keck Medical Center of the University 
of Southern California and Los Angeles County + University 



1006 Digestive Diseases and Sciences (2024) 69:1004–1014

of Southern California Medical Center. The keyword “pseu-
docirrhosis” was identified in radiology reports using the 
mPower (Nuance, Burlington, MA) search tool for any 
patient prior to October 2022. Patients were excluded if 
there was an underlying chronic liver disease (which could 
independently cause cirrhosis), including chronic viral hepa-
titis, alcohol-associated hepatitis, or known cirrhosis prior 
to a radiologic diagnosis of pseudocirrhosis. Patients were 
also excluded if original imaging studies were not available 
for review.

Radiologic images were reviewed by board-certified radi-
ologists with additional fellowship training in abdominal 
radiology for findings of pseudocirrhosis and the presence or 
absence of features of portal hypertension. For each patient, 
all radiologic studies available were reviewed to identify 
the study that initially demonstrated findings of pseudocir-
rhosis. Each study was assessed for the presence of liver 
surface nodularity, ascites, splenomegaly, and portosystemic 
collaterals.

Each patient’s electronic medical record was reviewed 
and demographic data, including age, gender, and race were 
collected. Patients’ oncologic history was reviewed, and data 
collected included primary malignancy, date of diagnosis, 
histologic findings, sites of metastasis, treatment course, 
outcomes, and therapeutic agents received. Medical charts 
were also reviewed for the presence of clinical manifesta-
tions of portal hypertension, including ascites, lower extrem-
ity edema, hepatic encephalopathy, and varices. Laboratory 
test results including complete blood count, comprehensive 
metabolic panel, and coagulation studies were collected 
from the date of diagnosis of pseudocirrhosis, as well as 
baseline and final values at the earliest and latest available 
encounter within each patient’s record.

Statistical Analysis

For continuous measurement, histogram and Shapiro–Wilk 
tests were used to assess data normality. For normally dis-
tributed data, the difference between primary breast and 
nonprimary breast group was tested by independent t test, 
otherwise Wilcoxon rank sum test was used. For category 
measurements, chi-square test was used for the group com-
parison. However, for any cell in the contingency table with 
sample size < 5, Fisher’s exact test was used. For longitu-
dinal comparisons between the earliest available (baseline) 
laboratory values, laboratory values at the time of pseudocir-
rhosis diagnosis, and the last values available in the medical 
record, mixed-effect model was used for global comparison 
with post hoc Tukey’s test for correcting multiple compari-
son errors. Since the data normality was poor, Wilcoxon 
ranking score transformation was used before mixed model 
fitting. Model integrity was examined by residual plots. SAS 
9.4 was used for all data analysis.

All aspects of this study were approved by the University 
of Southern California Institutional Review Board.

Results

Twenty-nine patients with a radiologic diagnosis of pseu-
docirrhosis were identified and their demographic and 
clinical characteristics are shown in Table 1. Fourteen 
patients (48%) had primary breast cancer, 4 (14%) neu-
roendocrine (each with pancreas, appendiceal, prostate, 
and small cell lung, respectively), 4 (14%) colorectal, and 
2 had melanoma (7%). There was a single patient with 
each of the following primary malignancies: prostate, 
ovary, renal cell carcinoma, and unknown primary. Hor-
mone receptor status was known in 13 of 14 of the patients 
with breast cancer. Of these, 92% were estrogen recep-
tor positive, 69% progesterone receptor positive, and 31% 
human epidermal growth factor receptor 2 (HER2) posi-
tive. The median age of all patients was 61 (IQR 56–69) 
years. Twenty patients (69%) were female. Seventeen 
patients (59%) were white, 4 (14%) Asian, 1 (3%) Black, 
2 (7%) Hispanic or Latino. Race was not reported in 5 
patients (17%). The overall median time from initial diag-
nosis of the patient’s malignancy to radiographic diagnosis 

Table 1  Demographic and clinical characteristics of 29 patients with 
pseudocirrhosis

a Neuroendocrine primaries: 1 pancreas, 1 appendiceal carcinoid, 1 
prostate, and 1 small cell lung

Characteristics

Age, Mean ± std, median (IQR) 61.6 ± 11.4, 61 (56–69)
Sex, n (%)
 Male 9 (31.0%)
 Female 20 (69.0%)

Race, n (%)
 White 17 (58.6%)
 Asian 4 (13.8%)
 Hispanic or Latino 2 (6.9%)
 Black 1 (3.5%)
 Other or unknown 5 (17.2%)

Primary malignancy, n (%)
 Breast 14 (48.3%)
 Colorectal 4 (13.7%)
  Neuroendocrinea 4 (13.7%)
 Melanoma 2 (6.9%)
 Prostate 1 (3.4%)
 Renal 1 (3.4%)
 Unknown 1 (3.4%)
 Ovarian 1 (3.4%)
 Cholangiocarcinoma 1 (3.4%)
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of pseudocirrhosis was 71.7 (IQR 28–147.1) months. Time 
to development of pseudocirrhosis for the breast cancer 
patients was significantly longer than non-breast with a 
median of 80.8 months (IQR 39.7–211.8) and 29.8 months 
(IQR 11.9–136.4), respectively (p = 0.02). Figure 1 illus-
trates the development and progression of pseudocirrhosis 
and radiographic findings of portal hypertension over the 
course of 12 months.

Serum liver tests collected at baseline, at the time of ini-
tial radiographic diagnosis of pseudocirrhosis, and the last 
available set of data from each patient’s chart are shown in 
Table 2. Most patients showed a cholestatic pattern of liver 
injury at the time of diagnosis, with 25 of 27 patients with R 
factor < 2 and no patients having R factor > 5 (hepatocellular 
pattern). All patients had normal bilirubin at diagnosis, but 
5 patients (17%) had increased bilirubin level ≥ 3.0 mg/dL 
at last follow-up.

Initial abdominal imaging studies that diagnosed pseudo-
cirrhosis comprised CT in 25 (86%), ultrasound in 3 (10%), 
and MRI in one patient (4%). For inclusion into this study, 
all patients had nodularity of the liver surface. Figure 2 
shows axial and coronal CT images of a patient with small 
cell lung cancer with diffuse hepatic metastases and nodu-
lar contour. Similar findings are seen in Fig. 3 that shows a 

patient with breast cancer and multifocal hypoechoic hepatic 
metastases with nodular liver surface and perihepatic ascites.

Overall, 15 patients (52%) were found to have features 
of portal hypertension, which was defined by the presence 
of splenomegaly, abdominopelvic collaterals, or ascites. 
Patients with ascites alone were only considered to have por-
tal hypertension if there was documentation of serum ascites 
albumin gradient (SAAG) ≥ 1.1 g/dL. Twenty-one patients 
had ascites of any volume (72%), 8 had splenomegaly (28%), 
and 8 had portosystemic collaterals (28%). Among patients 
with ascites, the largest volume noted on any radiologic 
study was as follows: 5 patients (24%) had large, 2 (10%) 
moderate, 10 (48%) small, and 5 (24%) had trace volume 
ascites. Six patients (29%) underwent therapeutic paracen-
tesis with more than 1 L of ascitic fluid removed. SAAG 
was available on 4 patients, all of whom had a level > 1.1 g/
dL (mean SAAG 1.6 g/dL). Four patients were refractory 
to diuretic management and two of these had tunneled peri-
toneal drains placed for continued ascitic fluid removal. 
One patient had ascitic fluid pathology with atypical cells 
but did not have SAAG determination. Among the patients 
with venous collaterals, 4 had peri-esophageal/peri-gastric 
alone, 1 had peri-splenic alone, 1 had omental alone, and 1 
had both peri-splenic and peri-gastric varices. Two patients 

Fig. 1  Serial changes in the imaging appearances of the liver noted 
in a 67-year-old female with metastatic breast cancer. All images 
are axial contrast-enhanced CT images of the upper abdomen. Sur-
gical clips are from an unrelated left nephrectomy. Top left: A few 
Hypodense lesions consistent with the hepatic metastases. Top right: 
3 months later, increasing size and number of lesions are seen with 
more obvious nodularity of the anterior surface of the liver. Bottom 

left: 6 months from initial image, increasing nodularity of the hepatic 
surface is seen. Bottom right: 1  year from the initial image, very 
prominent nodularity, capsular retraction, heterogeneity of hepatic 
texture, and presence of perihepatic ascites are seen with increasing 
splenic size and increased portosystemic collaterals all consistent 
with the classical appearance of cirrhosis or in this case pseudocir-
rhosis
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Table 2  Biochemical findings

*p < 0.05 after Tukey’s adjustment for the comparison with the baseline value
a Days from baseline to pseudocirrhosis diagnosis, Median (IQR): 70 (14–259)
b Days from pseudocirrhosis diagnosis to last value, Median (IQR): 1108.5 (815–2012)

Characteristics Baseline (earliest 
available data)

At time of pseudocirrho-
sis  diagnosisa

Last  valueb

Laboratory data, median (IQR)
 Alkaline phosphatase (U/L) 70 (44–124) 182 (135–286)* 263 (148.5–509)*
 Total protein (g/dL) 7.2 (6.6–7.5) 6.7 (6.0–7.5) 6.7 (5.3–7.2)*
 Albumin (g/dL) 4.2 (3.8–4.5) 3.5 (3.0–3.9)* 3.3 (2.8–3.6)*
 Total bilirubin (mg/dL) 0.4 (0.2–0.7) 0.5 (0.4–0.9)* 1 (0.5–3.0)
 ALT (U/L) 19 (15–28) 25 (19–45) 39 (19–102.5)*
 AST (U/L) 22 (19–29) 54 (36–98)* 68.5 (46–116)*
 INR 1.0 (0.9–1.0) 1.1 (1.0–1.2)* 1.3 (1.1–1.7)*
 R factor 0.82 (0.4–1.88) 0.42 (0.27–0.57)* 0.39 (0.22–0.87)*
 Platelet count 214 (188–252.5) 179 (122–265) 175 (89–266)

Fig. 2  a, b Axial and coronal 
CT image in a 69-year-old 
female with metastatic small 
cell lung cancer. Note the 
innumerable hypodense hepatic 
metastases with surface nodu-
larity and marked hepatomeg-
aly. There was an absence of 
imaging features to suggest 
portal hypertension

Fig. 3  a, b Axial gray-scale 
image of the liver in a 32-year-
old female with metastatic 
breast cancer. Color Doppler 
abdominal ultrasound images 
show reversal of flow in the 
main portal vein. Note the 
multifocal hypoechoic hepatic 
metastases with nodular liver 
surface and perihepatic ascites 
seen on gray-scale ultrasound
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had documented episodes of variceal hemorrhage and both 
patients survived the hospitalization.

Radiographic portal hypertension was seen in 29% of 
breast cancer patients compared to 73% of non-breast cancer 
patients (p = 0.03). Of 14 breast cancer patients, 10 devel-
oped ascites (71%), 2 developed collateralization (14%), and 
1 patient developed splenomegaly (7%). 6 of the 10 patients 
who developed ascites had no other manifestations of por-
tal hypertension and had no SAAG data available, so were 
not included as having portal hypertension. Among 15 non-
breast cancer patients, 11 developed ascites (73%), 7 spleno-
megaly (47%), and 6 collaterals (40%). Figures 4 and 5 show 
examples of pseudocirrhosis and splenomegaly in patients 
with prostate cancer and colorectal cancer, respectively. The 
presence of portosystemic collaterals is illustrated in Figs. 5 
and 6.

Altogether, 15 patients (52%) had radiographic features 
of portal hypertension. Of these, 10 patients had 2 or more 
signs of portal hypertension on imaging. Three patients 
were determined to have portal hypertension by the pres-
ence of high-SAAG ascites alone. One patient had ascites 
without splenomegaly or portosystemic collaterals but was 
determined to have portal hypertension by the presence 

Fig. 4  a, b Axial CT image of 
the upper abdomen of a 68-year-
old male with prostate cancer. 
Note the multifocal hypoen-
hancing metastases particularly 
in the lateral right hepatic lobe 
with surface nodularity and 
capsular retraction. There is 
moderate splenomegaly

Fig. 5  a, b Coronal CT image 
of the upper abdomen of a 
51-year-old female with meta-
static colorectal cancer. Note the 
nodularity of the liver surface 
with subtle hypoenhancing 
metastases. Additional images 
of the upper abdomen reveal 
marked splenomegaly with large 
peri-splenic collateral vessels

Fig. 6  Axial CT image of the upper abdomen of a 51-year-old female 
with metastatic breast cancer. Note the multifocal hypoenhancing 
hepatic metastases resulting in nodularity of the left hepatic lobe. 
There are several portosystemic collaterals seen in the gastrohepatic 
ligament
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of reversal of portal venous flow on Doppler ultrasound. 
Peripheral edema was documented in 16 patients (55%) and 
hepatic encephalopathy in one patient (3%). Figure 7 shows 
a patient with ovarian cancer and pseudocirrhosis who has 
ascites and portosystemic collaterals.

Twenty-seven patients (93%) received some form of 
chemotherapy; hormone therapy, and/or immunotherapy 
prior to the radiographic diagnosis of pseudocirrhosis. 
Twenty-three patients (79%) received a chemotherapeutic 
agent known to cause hepatic sinusoidal injury, including 
sinusoidal obstructive syndrome (reference Livertox.nih.
gov). These chemotherapeutic agents included carboplatin 
(n = 10), paclitaxel (n = 10), palbociclib (n = 8), cyclophos-
phamide (n = 6), oxaliplatin (n = 7), doxorubicin (n = 5), 
gemcitabine (n = 5), leucovorin (n = 6), docetaxel (n = 3), 
methotrexate (n = 2), etoposide (n = 2), cisplatin (n = 1), and 
vinblastine (n = 1). Among the 23 patients who received one 
or more agents known to cause sinusoidal injury, 12 (52%) 
had radiographic findings consistent with portal hyperten-
sion in contrast to 3 of 6 (50%) patients that did not receive 
one of the above agents. Thirteen of 14 patients (93%) with 
breast cancer and 10 of 15 patients (67%) with non-breast 
primary received at least one of these agents.

The clinical and radiographic presentation of pseudocir-
rhosis among patients with breast cancer and other malig-
nancies were compared (Table 3). Splenomegaly and radio-
graphic portal hypertension were statistically significantly 
higher in non-breast primary patients (46.7%, p = 0.04 and 

73.3%, p = 0.03) compared to breast cancer patients (7.1% 
and 28.6%, respectively).

At the time of data collection, 6 patients (21%) were 
deceased and 6 patients (21%) had been placed on hospice. 
For these patients, the average time to death or hospice was 
256 days from the initial diagnosis of pseudocirrhosis. 5 
patients (17%) were known to be living. Outcomes of the 
other 12 patients (41%) were unknown.

Discussion

Pseudocirrhosis is a radiologic diagnosis that describes mor-
phologic changes of the liver mimicking cirrhosis that arise 
in the setting of metastatic malignancy. Most cases in the 
published literature are found in metastatic breast cancer [1, 
4, 6, 26, 54], but cases have been reported in other primary 
malignancies, including pancreatic [43], colorectal [44, 45], 
gastric [46–48], esophageal [49], lung [50, 51], ovarian [52], 
and medullary thyroid cancers [53].

In this series, approximately half of the patients with 
pseudocirrhosis had metastatic breast cancer and of those 
the majority were hormone receptor positive, which is simi-
lar to what has been reported by others [1, 32, 33, 54, 55]. 
Patients with non-breast malignancies included several pri-
mary malignancies that have not previously been described 
as causing pseudocirrhosis, viz., renal cell carcinoma, 
appendiceal carcinoid, cholangiocarcinoma, and melanoma.

The prevalence of portal hypertension among patients 
with pseudocirrhosis has not been established. Engelman 
et al. identified portal hypertension in 40% of their series of 
48 patients [26], Gopalakrishnan et al. reported 36% preva-
lence among 86 patients [27], while Oliai et al. reported its 
prevalence to be 11% among 37 patients [28]. Qayyum et al. 
analyzed serial CT scans of 91 women with breast cancer 
with hepatic metastases and found 75% of cases had hepatic 
contour abnormalities and only 10% of those patients devel-
oped portal hypertension [4]. The differences in prevalence 
arise from how radiographic portal hypertension was defined 
in the various studies. For instance, Qayyum et al. required 
the presence of at least two of findings, ascites, splenomeg-
aly, or portosystemic collaterals [4], whereas Oliai et al. con-
sidered portal vein size, but not ascites [25]. Like Engelman 
and Gopalakrishnan, we defined portal hypertension by the 
presence of splenomegaly, abdominopelvic collaterals, or 
ascites with proven serum ascites albumin gradient > 1.1 g/
dL [26, 27]. Among the 14 breast cancer patients in this 
series, 4 (29%) had at least one sign and 2 of these had 2 
or more radiographic signs of portal hypertension. Further-
more, our study included only those patients with a diag-
nosis of pseudocirrhosis and did not include patients with 
hepatic metastases without the radiographic appearance of 
pseudocirrhosis.

Fig. 7  Coronal maximum intensity projection of the upper abdomen 
in a 60-year-old female with a history of ovarian cancer with pseu-
docirrhosis. On this image, manifestations of portal hypertension 
including portosystemic collaterals and ascites are noted
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Several studies have characterized pseudocirrhosis in 
metastatic breast cancer, but to our knowledge, none have 
compared findings with non-breast malignancies. Interest-
ingly, the prevalence of radiographic portal hypertension 
among patients with non-breast malignancies was signifi-
cantly greater than in breast cancer patients in our series. 
The highest prevalence of portal hypertension was seen in 
our patients with colorectal cancer. However, given the rela-
tively small number of patients, it is not possible to draw 
definitive conclusions. It is unclear if this difference is due 
to sampling error or to differences in tumor characteristics 
or chemotherapeutic exposures.

The median time from cancer diagnosis to development 
of pseudocirrhosis was significantly longer for patients with 
non-breast primary malignancies. This difference may arise 
from earlier detection of breast cancer through screening, 

and the fact that liver metastasis in breast cancer more com-
monly occurs in recurrence [35]. A study using the Sur-
veillance, Epidemiology, and End Results (SEER) database 
found that at the time of cancer diagnosis, 5.14% of patients 
with any cancer are found to have liver metastasis, in com-
parison to 1.4% of breast cancer patients [34]. On the other 
hand, liver metastases are seen in over 50% of patients with 
late recurrence of breast cancer [35, 36].

Our patients’ laboratory studies illustrate an overall 
trend toward progression of hepatic decompensation and 
cholestatic injury from the patients’ baseline studies after 
the diagnosis of pseudocirrhosis to the final values avail-
able in the chart. Serum albumin, bilirubin, platelet count, 
and coagulopathy progressively worsened. These laboratory 
changes may be confounded in some cases by chemotherapy 
or by systemic illness related to malignancy alone. Subgroup 

Table 3  Comparison of biochemical and radiographic findings in patients with breast cancer versus other malignancies

Bold values indicate p < 0.05
a Portal hypertension defined by the presence of splenomegaly, abdominopelvic collaterals, or ascites if a serum ascites albumin gradient 
was > 1.1 g/dL

Characteristics Breast primary
n = 14

Non-breast primary
n = 15

p value

Laboratory values at time of pseudocir-
rhosis diagnosis

Mean ± std, median (IQR) Mean ± std, median (IQR)

Alkaline phosphatase (U/L) 224.3 ± 200.1, 158 (134–182) 276.1 ± 157.8, 225 (179–315) 0.07
Total protein (g/dL) 6.7 ± 1.3, 6.7 (6.5–7.5) 6.5 ± 0.8, 6.5 (5.7–7.3) 0.3
Albumin (g/dL) 3.6 ± 0.8, 3.9 (3.5–4) 3.3 ± 0.5, 3.3 (3–3.7) 0.25
Total bilirubin (mg/dL) 0.8 ± 0.8, 0.5 (0.4–0.9) 1 ± 0.8, 0.9 (0.5–0.9) 0.36
ALT (U/L) 46.4 ± 44.8, 27 (21–62) 41.2 ± 51.3, 23.5 (14–39) 0.31
AST (U/L) 96.1 ± 102.8, 48 (39–91) 67.6 ± 44.2, 60.5 (23–98) 0.71
INR 1.4 ± 0.9, 1.1 (1–1.2) 1.3 ± 0.6, 1.1 (1–1.2) 0.78
R factor 0.8 ± 0.86, 0.5 (0.44–0.6) 0.49 ± 0.63, 0.33 (0.22–0.42) 0.02
Platelet count (×  109/L) 181.2 ± 84.3, 179 (119–227) 209.4 ± 109.9, 177.5 (133–327) 0.46

Final laboratory values Mean ± std, median (IQR) Mean ± std, median (IQR) p value

Alkaline phosphatase (U/L) 365.3 ± 330.5, 232.5 (150.5–499.5) 374.2 ± 240.6, 403 (142–509) 0.8
Total protein (g/dL) 6.1 ± 1.1, 6.2 (5.1–7) 6.5 ± 1, 7 (5.8–7.2) 0.31
Albumin (g/dL) 3.3 ± 0.7, 3.3 (2.8–3.8) 3.2 ± 0.6, 3.3 (2.8–3.5) 0.76
Total bilirubin (mg/dL) 1.9 ± 1.6, 1.3 (0.5–3) 1.5 ± 1.2, 0.8 (0.4–2.9) 0.45
ALT (U/L) 80.2 ± 81.9, 50.5 (28–102.5) 47.9 ± 48.2, 20.5 (17–78.5) 0.21
AST (U/L) 192.1 ± 278.2, 72.5 (54.5–210) 76.3 ± 44.4, 67.5 (40–109) 0.35
INR 2 ± 1.3, 1.6 (1.1–2.7) 1.2 ± 0.1, 1.2 (1.1–1.3) 0.23
R factor 0.96 ± 0.91, 0.46 (0.26–1.89) 0.45 ± 0.42, 0.35 (0.18–0.52) 0.17
Platelet count (×  109/L) 177.7 ± 96.2, 175 (90–258) 188.1 ± 117.5, 175 (70–29) 0.8

Radiographic findings n (%) n (%) p value

Surface nodularity 14 (100%) 15 (100%) –
Splenomegaly 1 (7.1%) 7 (46.7%) 0.04
Portosystemic collaterals 2 (14.3%) 6 (40%) 0.21
Ascites 10 (71.4%) 11 (73.3%) 1.0
Signs of portal  hypertensiona 4 (28.6%) 11 (73.3%) 0.03
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analysis of laboratory changes between breast and non-
breast primary malignancies were not significantly different.

The pathogenesis of pseudocirrhosis remains poorly 
understood. Pseudocirrhosis has been infrequently described 
in chemotherapy-naive patients due to metastatic involve-
ment of the liver parenchyma [56], but most of the published 
literature describes patients who have received treatment. 
A study of metastatic breast cancer patients demonstrated 
higher incidence in patients who had previously received 
multiple rounds of systemic chemotherapy [27]. Within our 
case series, two (7%) of our patients were chemotherapy 
naive at the time of diagnosis.

Several pathophysiologic mechanisms have been pro-
posed, and it is likely that pseudocirrhosis actually represents 
several heterogeneous histopathologic etiologies that present 
with similar radiographic findings. One proposed pathophys-
iologic mechanism that has been described is a desmoplastic 
reaction that forms around regions of intrasinusoidal hepatic 
tumor [17, 56–61]. Other studies have suggested that a direct 
hepatotoxic effect of chemotherapy treatment may play a 
role, and some have implicated specific agents such as pacli-
taxel, trastuzumab, tamoxifen, regorafenib, and palbociclib 
[2, 37, 45, 62]. Interruption or pause of chemotherapy may 
result in resolution of imaging features of pseudocirrhosis 
[63]. Kang et al. describe a case of pseudocirrhosis in which 
cessation of chemotherapy resulted in improvement of portal 
hypertensive complications, lab abnormalities, and near res-
olution of cirrhotic liver appearance on imaging [43]. Multi-
ple mechanisms for chemotherapeutic injury resulting in the 
characteristic radiographic appearance of pseudocirrhosis 
have been described. Certain chemotherapeutic agents may 
induce hepatic injury and ischemia, resulting in secondary 
NRH with the absence of significant fibrosis on liver biopsy 
[16]. In a case series of 22 patients with pseudocirrhosis 
by Young et al., 7 patients underwent liver biopsy with 6 
showing histopathologic findings suggestive of NRH [16]. 
SOS, formerly known as “hepatic veno-occlusive disease,” 
is another potential etiology. SOS describes histopathologi-
cal findings of sinusoidal fibrosis, centrilobular hepatocyte 
necrosis, and narrowing and fibrosis of central veins occur-
ring after exposure to a drug or toxin [64]. Vuppalanchi et al. 
describe two cases of pseudocirrhosis with hepatic decom-
pensation that had histologic and clinical findings suggest-
ing SOS induced by palbociclib [37]. Alberti et al. describe 
five patients with metastatic breast carcinoma resulting in 
hepatic contour abnormalities and rapid hepatic failure, two 
of whom underwent percutaneous liver biopsy with findings 
revealing SOS [65].

To gain a better understanding of the potential causa-
tive agents in our patients, we identified all chemothera-
peutic agents received that have had reported associations 
with NRH and SOS. In this series, 79% of the patients 
who received chemotherapy prior to their diagnosis of 

pseudocirrhosis had exposure to one or more agents known 
to cause sinusoidal injury, SOS, or NRH. However, the 
incidence of portal hypertension among patients receiving 
SOS/VOD-associated chemotherapy was similar to that of 
patients who did not receive these agents.

The main limitation to this study is the lack of histo-
logical correlation to provide a better understanding of the 
underlying pathophysiology of pseudocirrhosis. Since the 
majority of patients received chemotherapy associated with 
sinusoidal injury, it cannot be discerned whether this is a 
significant factor in the development of pseudocirrhosis. 
However, pseudocirrhosis has been reported in untreated 
patients and prior to the era of these drugs [11, 56].

Conclusion

Pseudocirrhosis is a radiologic diagnosis of hepatic mor-
phologic changes resembling cirrhosis that occurs in the 
setting of metastatic cancer. It has been most frequently 
reported in the setting of recurrent metastatic breast cancer 
but may be seen in other cancers that metastasize to the 
liver. Our series includes patients with renal cell carcinoma, 
appendiceal carcinoid, cholangiocarcinoma, and melanoma, 
primary malignancies that have not yet been described in 
the literature. Among patients with pseudocirrhosis, portal 
hypertension is often present radiographically and clinically. 
In our series, portal hypertension developed more frequently 
in pseudocirrhosis from non-breast malignancies than those 
with breast cancer. Most cases of pseudocirrhosis are diag-
nosed after systemic chemotherapy, and associations have 
been made between exposure to specific chemotherapeutic 
agents and its development. Two cases in this series were 
treatment naïve, but the large majority received at least one 
chemotherapeutic agent prior to pseudocirrhosis diagnosis. 
Pseudocirrhosis likely encompasses several heterogeneous 
histopathologic entities.
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