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Abstract
Up to 50% of uveal melanomas (UM) metastasise to the liver within 10 years of diagnosis, and these almost always
prove rapidly fatal. As histopathological growth patterns (HGPs) of liver metastases of the replacement and
desmoplastic type, particularly from colon and breast carcinoma, may import valuable biological and prognostic
information, we have studied HGP in a series of 41 UM liver metastases originating from 41 patients from the period
2006–2017. Twenty patients underwent enucleation while 21 had radiation therapy. Analysis of UM by array
comparative genomic hybridisation revealed: 25 (64%) patients with high risk (monosomy3/8q gain); 13 (33%)
intermediate risk (M3/8normal or disomy3/8q gain); and 1 low risk (disomy3/8normal). The principal HGP was
replacement in 30 (73%) cases and desmoplastic in 11 (27%) cases. Cases with replacement demonstrated striking
vascular co-option/angiotropism. With the development of liver metastasis, only the replacement pattern, largest
primary tumour diameter, and R2 (incomplete resection) status predicted diminished overall survival (OS; p < 0.041,
p < 0.017, p < 0.047, respectively). On multivariate analysis, only HGP (hazard ratio; HR = 6.51, p = 0.008) and
resection status remained significant. The genomic high-risk variable had no prognostic value at this stage of liver
metastasis. Chi-square test showed no association of HGP with monosomy 3 or 8q gain. Eighteen of 41 (44%)
patients are alive with disease and 23 (56%) patients died with follow-up ranging from 12 to 318 months (mean:
70 months, median: 47 months). In conclusion, we report for the first time the frequency of the replacement and
desmoplastic HGPs in liver UM metastases resected from living patients, and their potential important prognostic
value for UM patients, as in other solid cancers. These results may potentially be utilised to develop radiological cor-
relates and therapeutic targets for following and treating patients with UM metastases.
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Abbreviations

array CGH array comparative genomic hybridisation
D3 Disomy 3, no loss of chromosome 3
EVMM Extravascular migratory metastasis
HGP histopathological growth pattern
LTD largest tumour diameter (primary uveal

melanoma)
MD Missing Data
MRI Magnetic resonance imaging
M3 monosomy 3, loss of chromosome 3
UM uveal melanoma
8g gain in chromosome 8q
8nl 8 chromosome normal, absence of 8q gain
8q long arm of chromosome 8

Introduction

Up to 50% of uveal melanomas (UM) metastasise to the
liver within 10 years of diagnosis, and these almost
always prove rapidly fatal [1]. Despite considerable pro-
gress in defining the molecular phenotype of UM [2], the
mechanisms of UM metastasis remain poorly understood
[1]. Although it has long been assumed that haematogen-
ous spread accounts for virtually all UM metastasis, liver
metastases may appear months to many years after diag-
nosis of the primary tumour [3,4]. This temporal varia-
tion and latency in the appearance of metastases could
be explained by (1) the formation of dormant metastases
after intravascular spread [5,6] and/or (2) extravascular
migratory metastasis (EVMM), or step-by-step migration
from the primary tumour to the site of metastasis [7–9];
this has also been reported in other tumours [10–13].
Tumour cell dormancy in UM may be secondary to a
number of mechanisms, such as escape from immune
surveillance in the space of Disse [4,5], angiogenesis
[14], or tumour cell kinetics [5].
Dormant UM metastases have been suggested by

microscopic foci of melanoma cells in autopsy samples
from patients with UM liver metastases [5]. In another
autopsy study of 10 patients [15], UM liver metastases
were categorised into three stages: stage I, deposits
≤50 μm in diameter, and stage II, deposits 51–500 μm,
both within sinusoidal spaces; and stage III, deposits
≥500 μm. Stage III metastases showed two distinct
growth patterns which were termed ‘lobular’ and ‘portal’.
In a subsequent study of 15 autopsy cases, the latter
observations were extended and the term infiltrative

growth pattern proposed to replace ‘lobular’ and nodular
to replace ‘portal’ growth patterns in liver metastases
from UM [4]. The ‘infiltrative’ pattern was characterised
by nondestructive growth of melanoma cells into the sur-
rounding hepatic parenchyma with eventual expansile
growth. In the nodular pattern, melanoma cells were ini-
tially aligned along portal venules and subsequently
formed cohesive nodules obliterating the architecture of
the liver. These observations have recently been supple-
mented by core liver biopsies and correlation with radio-
graphic images [16].
The investigation of hepatic UM metastases is chal-

lenging as it is difficult to obtain adequate material for
research. In particular, satisfactory autopsy material
and sufficiently large liver samples of metastatic UM
resected from living patients are rare.
Conversely, the liver is a frequent site of metastasis

for tumours originating from the gastrointestinal tract,
pancreas, breast, and lung but also not uncommonly
from renal cell carcinoma, various sarcomas, and cutane-
ous melanoma [17–21]. Liver metastases from colon and
breast cancers have been extensively studied and show
distinctive ‘histopathological growth patterns’ (HGPs)
[19–21]. In brief, these HGPs are: ‘replacement’, ‘des-
moplastic’, ‘pushing’, and two rare variants – the ‘sinu-
soidal’ and ‘portal’ HGPs. The HGPs are represented by
a distinctive interface between cancer cells and the adja-
cent normal liver parenchyma that can be recognised by
conventional microscopy (Figure 1). In brief, the replace-
ment HGP is defined by tumour cells from the metastasis
infiltrating and forming plates in continuity with the sur-
rounding hepatic parenchymal plates and perpendicular
to the tumour–liver interface (Figure 1A); the desmoplas-
tic HGP by a distinct separation of the metastasis by a
peripheral annulus (rim) of desmoplastic fibrous tissue
(Figure 1B); the pushing pattern by compression and
pushing away of hepatic plates by the metastasis without
tumour cells invading the liver plates (Figure 1C); the
sinusoidal pattern by the presence of tumour cells in
sinusoidal blood vessels or peri-sinusoidal spaces in
between the liver plates; and the portal pattern by the
metastasis being restricted to the portal tracts [21]. The
distinctive topography of cancer cells in each HGP pre-
dicts HGP-specific interactions with parenchymal cells
(hepatocytes and cholangiocytes) and nonparenchymal
cells (sinusoidal endothelial cells, stellate cells, and
immune cells) of the liver. Importantly, the HGPs of
liver metastases from these tumours have prognostic sig-
nificance [19–22].
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One of the most important observations made in
these studies is that liver metastases with a replace-
ment HGP do not rely on sprouting angiogenesis for a
vascular supply but instead ‘co-opt’ the sinusoidal vas-
culature of the liver [17–22]. This is inferred from the
specific morphology of replacement type liver metasta-
ses and is consistent with the low endothelial cell pro-
liferation fraction reported in these metastases.
Conversely, the desmoplastic HGP is associated with
an ‘angiogenic’ phenotype [17–22].
In cutaneous melanoma, we have described the associ-

ation of tumour cells with the abluminal surfaces of vas-
cular channels, which is termed angiotropism [23,24].
Importantly, we have shown in a recent study that the
terms ‘co-option’ and ‘angiotropism’ appear to connote
the same phenomenon [25]. Angiotropic tumour cells
can spread along the abluminal surfaces of vessels with-
out entering the vascular channels (intravasation), there-
fore making use of the blood vascular network as a track
[7–9,25]. As mentioned earlier, this tumour cell migra-
tion has been termed EVMM and is believed to represent
a mechanism of tumour spread independent of intravasa-
tion and haematogenous dissemination [7].
Extraocular tumour extension of UM has been

extensively described [26–32]. In primary UM, we

have recently observed that extraocular tumour extension
along vessels, or angiotropism/co-option, is strongly
associated with the development of metastases and death
[33]. In UM, angiotropism and extravascular spread of
melanoma refers specifically to migration of tumour cells
along the abluminal basement membranes of vascular
endothelial cells within the emissary canals of the sclera
[for detailed discussion see Barnhill et al 33]. Because of
the biological and prognostic importance of angiotropism
in melanoma in general [7–9,33–35], and also because of
the adverse prognostic value of the replacement HGP
(co-option/ angiotropism) in other solid tumours [19–22],
we have undertaken new investigations of liver metasta-
ses from UM.
Herein we have examined, by conventional micros-

copy, surgically sampled liver metastases from
41 patients with UM, in order to determine if specific
HGPs are present in UM liver metastases. Immunohis-
tochemistry and electron microscopy (EM) were per-
formed on selected cases.

Materials and methods

This study was approved by the institutional ethics
committee of Institut Curie. Written informed consent

Figure 1. Histopathological growth patterns. (A) Replacement histopathological growth pattern: melanoma cells (blue) invade the liver cell
plates, replace the hepatocytes (red), and co-opt the sinusoidal blood vessels (purple endothelial cells). There is no angiogenesis. VL, vascular
lumen of sinusoidal vessels. (B) Desmoplastic histopathological growth pattern: melanoma cells (blue) are separated from the liver (red hepato-
cytes) by a rim of desmoplastic tissue (yellow) which contains newly formed blood vessels (angiogenesis, orange endothelial cells). Melanoma
cells do not invade the liver cell plates. (C) Pushing histopathological growth pattern: melanoma cells (blue) push away the liver cell plates (red
hepatocytes) and do not invade the liver cell plates. New blood vessels (angiogenesis, orange endothelial cells) are formed in the metastasis.
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for the use of tissue specimens and data for research
was signed by each patient. The study complied with
the principles of the Declaration of Helsinki.

Patient information
Forty-one hepatic metastases from 41 patients with
UM were retrieved from the anatomic pathology
archives of the Institut Curie from the period
2006–2017. Clinical, histopathological, molecular
genetic, and long-term follow-up information for these
patients has been collected prospectively as previously
described [36]. The following patient characteristics
were analysed and most variables are displayed in
Table 1: age (years); gender; laterality; largest tumour
diameter (LTD) of the primary melanoma (mm); mela-
noma cell type (modified Callender classification
[37]): epithelioid, spindle, or mixed [33,36]; local
extension of the primary tumour (ciliary body, optic
nerve, or extrascleral extension); genetic analysis (see
below); local therapy of the primary melanoma [proton
beam therapy, radioactive (iodine) disc brachytherapy,
and enucleation]; disease-free interval (time to metas-
tasis); R (resection) status of metastasis: R0 – re-
section complete, R1 – microscopically incomplete,
and R2 – macroscopically incomplete; initial therapy
of liver metastases (surgery alone, surgery plus sys-
temic therapy, and any systemic therapy); and overall
survival (OS).

Histopathology
Formalin-fixed, paraffin-embedded (FFPE) 5-μm sec-
tions were prepared for each liver metastasis for
microscopic examination. Whole glass slides were
digitised with a Phillips pathology slide scanner
(Phillips Healthcare, Amsterdam, The Netherlands).
Criteria for the selection of metastases were as fol-
lows: if more than one metastasis was present, criteria
for selection included metastases having a 360� cir-
cumference surrounded by viable intact liver paren-
chyma, or those with the highest percentage of the
peripheral circumference (of the metastasis) sur-
rounded by liver parenchyma, and absence of signifi-
cant necrosis, scarring, or disruption of either the
metastasis or the liver. Histopathological characteris-
tics recorded based on the examination of representa-
tive haematoxylin and eosin-stained sections or digital
images for each case included: the HGP of the liver
metastases; diameter of each metastasis (mm); and
angiotropism of melanoma cells. The HGP was scored
according to consensus guidelines as described by van
Dam et al [21]. The liver metastasis HGP assessment

consisted of the percentage of the circumference
involved (at least 5%) by desmoplastic, replacement,
or pushing HGP. The dominant HGP (≥50% of the cir-
cumference) was used for further analyses. Angiotrop-
ism was defined as previously described [7,33].

Table 1. Patient characteristics
Patient characteristics n = 41 (%)

Gender (female) 21 (51%)
Age at diagnosis (years)
Mean (SD) 54 (11.7)
Median (range) 55 (30–76)

Laterality of primary melanoma (n = 41)
Left eye 27 (66%)
Right eye 14 (34%)

Primary tumour characteristics n = 41 (%)

Largest tumour diameter (LTD) (mm) (MD = 3)
Mean (SD) 16.6 (2.9)
Median (range) 17 (10–23)

Melanoma cell type (n = 20) (no MD)
Epithelioid 6 (30%)
Spindle 5 (25%)
Mixed 9 (45%)

Local extension (no MD)
Ciliary body 10 (24%)
Optic nerve 1
Extrascleral 0

*Array CGH (n = 39) (MD = 2)
D3/8nl 1 (2.6%)
M3/8nl
D3/8g

5 (13%)
8 (20%)

M3/8g 25 (64%)
Local treatment (no MD)
Proton beam 19 (46%)
Iodide disc brachytherapy 2 (5%)
Enucleation 20 (49%)
Fine-needle aspiration 9 (22%)

Disease-free interval (time to metastasis) (months)
Mean (SD) 44 (52)
Median (range) 25 (7–290)

First treatment of mets/R status (R status MD = 1)
R0 surgery 20 (50%)
R1 surgery 4 (10%)
R2 systemic 16 (40%)

Overall survival from diagnosis of mets (months) (MD = 2)
Mean (SD) 26 (19.8)
Median (range) 23 (5–101)

First treatment: surgery alone (months) n = 6
Mean (SD) 30 (18.1)
Median (range) 25 (14–66)

Surgery + systemic treatment (months) n = 21
Mean (SD) 29 (23.9)
Median (range) 23 (6–101)

Any systemic treatment (months) n = 14
Mean (SD) 20 (11.3)
Median (range) 18 (5–48)

*Array CGH: 11/41 (27%) did not undergo fine needle aspiration biopsy of the pri-
mary tumour or had no contributive primary tumour sample for analysis. However,
the genomic analysis of liver metastases was performed in nine of these remain-
ing patients. No tissue was available for two patients. MD = missing data.
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Angiotropism was defined as melanoma cells arrayed
along the abluminal vascular surfaces of sinusoidal
vessels (in the space of Disse) and/or along portal
venules in the portal tracts. In particular, this included
(1) clearly recognisable (unequivocal) melanoma cells
disposed circumferentially, radially, or longitudinally
along the abluminal (external) surfaces of the endothe-
lium of microvascular channels either in single-layered
or multi-layered arrangements; (2) the latter occurring
in at least one or more foci; and (3) there was no evi-
dence of intravascular melanoma cells.
The images were reviewed independently by two

experienced senior pathologists (P.V. and R.B.) with-
out specific knowledge of the case or clinical outcome.

Genetic analysis
Among the 41 patients, 39 had sufficient tumour from
frozen tissue samples for array comparative genomic
hybridisation (aCGH), as previously described [36].
Metastatic samples were utilised if no primary
melanoma tissue was available. Two patients had no
primary or metastatic tumour available. In brief,
43 tumour samples from 20 enucleations, 9 fine-needle
aspirations, and 14 resected liver metastases, including
6 cases with material from both primary tumours and
liver metastasis, were studied. Among the 14 frozen
samples from the liver, two were excluded because of
inadequate aCGH results. Only the status of chromo-
somes 3 and 8 (8q) was assessed.
The risk for the development of metastasis in

patients with four genomic profiles was analysed.
These Cassoux risk groups [36] were defined by the
presence or absence of chromosome 3 loss (mono-
somy 3) and the presence or absence of chromosome
8 gain (including gain of the entire 8 chromosome,
gain of the entire 8q, and distal gain of 8q), as follows:
Cassoux risk group 1, Low risk for metastasis: normal
status of chromosomes 3 (disomy 3) and 8 (8nl):
D3/8nl; Group 2, Intermediate risk: monosomy 3 and
normal status of 8: M3/8nl; Group 3, Intermediate risk:
disomy 3 and gain of 8q (8g): D3/8g; and Group
4, High risk: M3/8g (Tables 1 and 3) [36].

Immunohistochemistry
FFPE sections from five metastases showing a replace-
ment HGP were examined by immunohistochemistry
with HMB45 [Dako (Dako Agilent, Santa Clara, CA,
USA), clone M0823, dilution 1/100]. Double immu-
nostaining with both HMB45 and CD31 (Dako, clone
JC70A, dilution 1/100) was performed on three of
these five cases. A Vector Red chromogen (Vector

Laboratories, Burlingame, CA, USA) was utilised for
HMB45 and diaminobenzidine (DAB) for CD31. Per-
oxidase activity was developed using 3-amino-
9-ethylcarbazole and H2O2, and the slides were coun-
terstained with hematoxylin.

Electron microscopy
For EM, three samples from liver metastases originating
from primary UM were fixed overnight in 1.5% glutar-
aldehyde at 4�C. Samples were then embedded in
epoxy epon 812 resin (Shell) (EPON) and thin sections
of 60–70 nm were post stained with 4% aqueous uranyl
acetate for 10 min and lead citrate for 1 min. Electron
micrographs were acquired on a Tecnai Spirit electron
microscope (Thermo Fisher Scientific, Eindhoven, The
Netherlands) equipped with a 4k CCD camera
(Quemesa, EMSIS GmbH, Münster, Germany).

Correlation of angiotropism in primary UM with
HGP in liver metastasis
Eight UM patients with liver metastases in the present
study were derived from a previous study of 89 primary
UM evaluated for angiotropism [33]. The presence or
absence of angiotropism in the primary UM was corre-
lated with replacement or desmoplastic growth pattern.

Statistical analyses
Data were analysed using R statistical software (https://
cran.r-project.org). The relationships between HGP and
other categorical variables were evaluated by the Chi-
square test. The survival analyses included OS, 5-year
survival, and disease-free (metastasis-free) survival
(DFS). Patients were censored when alive at last
follow-up or when lost to follow-up. OS was defined as
the difference between time of metastasis (OS metasta-
sis) and time of death or last follow-up or the difference
between time of diagnosis of the primary UM
(OS primary) and time of death or last follow-up. Dif-
ferences in survival were calculated using log-rank test.
Univariate and multivariate hazard ratios (HR) were cal-
culated using Cox proportional hazards model. All sta-
tistical tests were considered significant with P value
<0.05. As we did not know if there was any effect
among the Cassoux risk scores, the HGP, and the other
clinical variables, we opted to keep all the variables in
the multivariate analysis in order to adjust for confound-
ing and suppression of variables in our data set [38].
Removing the variables that were not significant in uni-
variate analysis could lead to the exclusion of possible
significant variables due to suppression.
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Results

Patient and primary melanoma characteristics
The patient clinical information and primary tumour
characteristics are summarised in Table 1.
Primary melanoma tumour diameter was mean =

16.6 mm, median = 17 mm (range: 10–23 mm). Genetic
analysis revealed: D3/8nl: 1 patient (2.6%), D3/8g:
8 (20.5%), M3/8nl: 5 (13%), M3/8g: 25 (64%). Four
patients with satisfactory results from aCGH analysis of
both the primary UM and the corresponding liver metasta-
sis showed complete concordance of the genomic profiles
of their primary tumour and their paired liver metastasis.
Eighteen of 41 (44%) patients are alive with disease

and 23 (56%) patients died with a follow-up ranging from
12 to 318 months (mean: 70 months, median:
47 months). Two patients have been lost to follow-up.
Four patients with previously treated metastatic disease
currently have no evidence of disease. The mean and
median DFS intervals were 44 and 25 months, respec-
tively, with a range of 7–290 months. OS after the devel-
opment of liver metastases averaged 26 months with a
median of 23 months and range of 5–101 months. OS
after the following therapies for metastatic disease were:
surgery alone – mean 30 months, median 25 (range
14–66); surgery plus systemic therapy – mean 29 months,
median 23 (range 6–101); systemic therapy alone – mean
20 months, median 18 (range 5–48) (p > 0.05).

Categorisation of metastases by HGP
Analysis of HGP and diameter of metastases are sum-
marised in Table 2. Initial independent blinded review

of the HGP in the 41 metastases by the two patholo-
gists revealed good to excellent general agreement for
31 cases, whereas 10 cases (24% of the 41 cases)
resulted in some initial discordance. The pathologists
reached concordance by the following measures: (1) in
a few cases, a suboptimal glass slide or image was
replaced by another slide or image which resulted in
concordance by both pathologists, and (2) the few
remaining problematic cases were reviewed and dis-
cussed by webinar and final consensus reached during
these discussions. Twenty-five metastases had a pure
(100%) replacement pattern, 4 metastases a pure
(100%) desmoplastic pattern, 5 metastases a predomi-
nant (>50%) replacement and <50% desmoplastic pat-
tern, and 7 metastases a predominant (>50%)
desmoplastic and <50% replacement pattern. In 26 of
41 cases, at least 10 level sections were obtained, and
the predominant HGP did not change in any case. In
the remainder of the cases, at least one section (1–5
sections) were examined for each case and there was
no change in HGP. For statistical analysis, the metas-
tases were categorised as predominant HGP (Table 2).
As a group, the metastases ranged in size from 1 to
17 mm in diameter with mean of 6.6 mm and median
of 5 mm, and there was no significant difference in
size between the replacement and desmoplastic metas-
tases (p = 0.23 using Mann–Whitney U-test).
Approximately three quarters (73%) of the metasta-

ses showed a predominant replacement HGP. These
metastases were characterised by nondestructive infil-
tration of the surrounding liver hepatic plates, progres-
sive replacement of hepatocytes by melanoma cells
(Figure 2) and preservation of the liver architecture
(Figures 2B,C). Individual melanoma cells, usually
identified by cytoplasmic melanin, appeared to be
aligned along the external (abluminal) surfaces of the
sinusoidal vascular channels. A striking feature associ-
ated with many of these metastases was the radial
extension of individual melanoma cells considerable
distances (up to 1 mm) away from the central meta-
static focus into the surrounding liver parenchyma
(Figure 2B–D). The melanoma cells continued to show
an apparent localisation along the abluminal surface of
sinusoidal vessels, corresponding to the Space of
Disse. Within many of these metastases, one could
observe a complete replacement of hepatocytes by
melanoma cells in the hepatic plates. In no instance
was there clear evidence of melanoma cells within the
lumina of the sinusoidal vessels. Within the portal tri-
ads of some of these metastases, melanoma cells were
disposed along the abluminal surfaces of portal venous
vessels (angiotropism). In such metastases, variable
perivascular lymphocytic infiltrates were often seen.

Table 2. Characteristics of liver metastases
Histopathological growth patterns n = 41 (%)

Pure versus mixed pattern
Replacement (pure, 100%) 25 (61%)
Desmoplastic (pure, 100%) 4 (10%)
Mixed (replacement, desmoplastic, or pushing) 12 (29%)

Predominant pattern (>50%)
Replacement (>50%) 30 (73%)
Desmoplastic (>50%) 11 (27%)

Metastasis diameter n = 41

Metastasis diameter (mm) (n = 41)
Mean (SD) 6.6 (4.7)
Median (range) 5 (1–17)

Replacement diameter (mm) (n = 30)
Mean (SD) 6.4* (4.8)
Median (range) 4.5 (1–17)

Desmoplastic diameter (mm) (n = 11)
Mean (SD) 7.4* (4.7)
Median (range) 6 (3–15)

*No difference in size (p = 0.23 using Mann–Whitney U-test).
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Approximately a quarter of the metastases showed a
predominant desmoplastic HGP. These tumours were
well-circumscribed with complete separation of the
metastasis from the surrounding liver parenchyma by
an annulus of dense desmoplastic collagen (Figure 3).
Within the metastatic nodule, there was a complete
obliteration of the liver architecture. In general, these
metastases showed prominent peri-tumoural infiltrates
of lymphocytes localised to the desmoplastic-liver
parenchymal interface (Figure 3C). Usually, tumour-
infiltrating lymphocytes were sparse or absent.
Three metastases were classified as mixed with the

presence of all three HGPs: desmoplastic, replacement,

and pushing [21]. However, the pushing HGP in each
instance involved only a small fraction of the circum-
ference of the metastasis: 20, 5, and 5%, and the pre-
vailing pattern was desmoplastic or replacement.

Immunohistochemistry
Immunohistochemical evaluation of three replace-
ment metastases showed striking localisation of mel-
anoma cells within hepatic plates along the external
surfaces of the sinusoidal vascular channels
(Figure 2D). This vascular-co-option/angiotropism
was best visualised at the metastasis-liver

Figure 2. Replacement histopathological growth pattern. (A) Scanning magnification shows a discrete metastasis abutting the liver cap-
sule. Lv, surrounding uninvolved liver parenchyma. (B) The interface (broad zone extending from upper right quadrant to lower left quad-
rant) between the metastasis (upper left quadrant) and surrounding liver parenchyma (Lv) (lower right quadrant) is poorly defined.
Melanoma cells (detected by the presence of cytoplasmic melanin and cytological atypia) are dispersed throughout this peripheral
interface as single cells (arrowheads) and small clusters beyond the main portion of the metastasis. These cells replace hepatocytes in
the hepatic plates without altering their architecture. (C) Melanoma cells (arrow) extending into the surrounding hepatic plates some
distance from the metastasis along the sinusoidal vessels. Red asterix indicates vascular lumen. Black arrow identifies melanoma cells.
(D) HMB45 immunostain with red chromogen highlights melanoma cells extending into the surrounding liver parenchyma. Inset; Mela-
noma cells expressing HMB45 are disposed along the abluminal endothelial surface of a sinusoidal vessel in the hepatic parenchyma.
The endothelial cell lining is highlighted by CD31 (DAB brown chromogen).
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parenchymal interface and in the immediately sur-
rounding peri-tumoural liver parenchyma. There was
no clear-cut evidence of melanoma deposits within
the sinusoidal vascular lumina. As mentioned earlier,
melanoma labelling with HMB45 showed a striking
angiotropism to the abluminal surfaces of portal
venules in the portal triads of some metastases. Dou-
ble immunohistochemistry with HMB45 and CD31
showed variable but generally weak labelling of
sinusoidal endothelial cells and localisation of mela-
noma cells to the external (abluminal) surfaces of
both sinusoidal and portal vascular channels
(Figure 2D inset) without objective evidence of intra-
luminal melanoma cells.

Electron microscopy
Two replacement pattern metastases were studied by
EM. Examination of these specimens in the peri-
tumoural regions revealed melanoma cells external to
the endothelial lining of sinusoidal vessels (Figure 4).
Melanoma cells were definitively identified by the
presence of melanosomes.

Correlation of angiotropism in primary UM with
HGP in liver metastasis
Among four primary UM with angiotropism [33],
three primary UM demonstrated a replacement pattern
in the liver metastasis and one a desmoplastic pattern.
Two primary UM with absence of angiotropism mani-
fested a desmoplastic HGP. For two metastases with

Figure 3. Desmoplastic histopathological growth pattern.
(A) Small round metastasis (M) with abrupt desmoplastic inter-
face (arrowheads) separates the tumour from the surrounding
liver parenchyma. The liver architecture is completely obliterated
by the tumour mass. Lv, surrounding uninvolved liver paren-
chyma. (B) An annulus of dense desmoplastic collagen constitutes
this interface (arrowheads). Liver parenchyma (Lv) is observed in
the upper half of this field and the metastasis (M) in the lower-
most portion of the field. (C) High magnification of B. Note the
rim of peri-tumoural lymphocytes (Ly), which are at the interface
of the desmoplastic annulus (D) and the surrounding liver
parenchyma.

Figure 4. Electron microscopy of replacement HGP. This field
shows the lumen of a sinusoidal vascular channel (upper third of
field) which contains an erythrocyte and exhibits an attenuated
endothelial cell lining. A melanoma cell (in the lower two-thirds
of the field) is identified by cytoplasmic melanosomes (dense
bodies). The melanoma cell is disposed along the abluminal sur-
face of the sinusoidal vessel.
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replacement pattern, the primary UM had been
excluded from the original study [33].

Relationship between HGP and genetic alterations
and treatment of metastases
Chi-square analysis failed to demonstrate any signifi-
cant relationship between the replacement and desmo-
plastic HGP and loss of chromosome 3 (monosomy
3) and gain in chromosome 8q. In a similar fashion,
HGP showed no correlation with various treatments
(surgery alone versus surgery plus systemic therapy

versus systemic therapy of any kind) administered for
metastatic disease or R status.

OS after the development of hepatic metastatic
disease
Examination of how HGP might potentially influence
survival after the development of liver metastases from
UM was the primary objective of this study. Univari-
ate analysis with the Log Rank test showed that HGP
had a striking effect on OS metastasis (p = 0.041)
(Figure 5I). In particular, the replacement pattern had
a clearly adverse effect on survival versus the
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Figure 5. (I) The effects of replacement and desmoplastic HGPs of UM liver metastases on overall survival analysed by the Log Rank test
with Kaplan–Meier plots. (A) Overall survival from the time of diagnosis of liver metastases to death or to date of last follow-up.
(B) Overall survival from the time of diagnosis of the primary UM to death or to date of last follow-up. (C) Disease-free survival from
the time of diagnosis of the primary UM to death or to the development of liver metastases. (II) The effects of prognostic factors on sur-
vival analysed by the Log Rank test with Kaplan–Meier plots. (A) Overall survival from the time of diagnosis of the primary UM to death
or to date of last follow-up: the effects of Cassoux high-risk status (M3/8g). (B) Overall survival from the time of diagnosis of the pri-
mary UM to death or to date of last follow-up: the effects of tumour diameter (LTD). (C) Disease-free survival from the time of diagnosis
of the primary UM to death or to the development of liver metastases: the effects of Cassoux high-risk status.
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protective effect of the desmoplastic pattern. The only
other variables having significant predictive value for
OS on univariate analysis were primary tumour diame-
ter (LTD) (p = 0.02) and R (R0 complete resection)
status (p = 0.047). None of the other variables includ-
ing age, gender, laterality, monosomy 3, 8q gain, the
high-risk genomic variable M3/8q gain, melanoma cell
type, size of metastasis, and the various treatments for
metastatic disease had any significant effect on
survival.
On multivariate analysis with the Cox proportional

hazards model, HGP continued to show a significant
effect with a HR of 6.51 (1.63–25.92) with p = 0.008
(Table 3). Conversely, LTD and R2 status had HRs of
2.58 (0.86–7.73) (p = 0.091) and 7.94 (1.74–36.18)
(p = 0.0071), respectively, on multivariate analysis.
None of the other prognostic factors were significant.

OS analysed from the date of diagnosis of the
primary UM
When OS primary is analysed from the date of diagno-
sis of the primary UM using the Log Rank test, HGP
is not statistically significant (Figure 5I). On univariate
analysis, other conventional prognostic factors such as
patient age, the high risk genomic variable M3/8q gain

(Figure 5II), LTD (Figure 5II), and time to metastasis
had important predictive value. Monosomy 3 showed
borderline significance (p = 0.052). No other variables
were significant. However, on multivariate analysis,
the following were significant: HGP HR 4.93
(1.24–19.57) (p = 0.023), tumour diameter 5.91
(1.96–17.81) (p = 0.002), and time to diagnosis, but
not Cassoux high risk (Table 4).

DFS (metastasis-free) analysis
On univariate analysis, the following prognostic fac-
tors were significant: age, monosomy 3, 8q gain,
M3/8q gain (p = 0.008), and LTD (p = 0.03). Exami-
nation of HGP in this context of DFS, as expected,
appears to have no meaning (Figure 5). On multivari-
ate analysis, none of the variables remained significant
(Table 5).

Discussion

In this study, we propose the use of the terms ‘replace-
ment and desmoplastic HGP’ to describe growth pat-
terns of liver metastases of UM, analogous to those in
liver metastases from colorectal (CRC) and breast

Table 3. Cox proportional hazards analysis for factors predictive of death from time of metastasis
Univariate Multivariate

Variables HR (95% CI) P value HR (95% CI) P value

Histopathological growth pattern Replacement 3.09 (1.02–9.36) 0.05 6.51 (1.63–25.92) 0.008
Cassoux risk group* High risk 2.33 (0.85–6.41) 0.1 0.79 (0.22–2.83) 0.720
Largest tumour diameter >17 mm 2.86 (1.16–7.05) 0.02 2.58 (0.86–7.73) 0.091
Treatment Surgery + systemic 2.17 (0.48–9.81) 0.3 1.04 (0.18–6.07) 0.967

Systemic 2.61 (0.55–12.33) 0.2 0.80 (0.09–7.21) 0.839
Age Continuous 1.0 (0.99–1.07) 0.1 1.02 (0.97–1.08) 0.377
Time to metastasis Continuous 0.82 (0.65–1.03) 0.08 0.74 (0.55–1.00) 0.05
R status R1 2.77 (0.57–13.50) 0.21 2.30 (0.42–16.28) 0.307

R2 2.95 (1.14–7.64) 0.03 7.94 (1.74–36.18) 0.007

*Cassoux risk group: Four genomic groups defined by the status of chromosome 3 and 8: (1) low risk: normal status of chromosomes 3 (disomy 3) and 8 (8nl):
D3/8nl, (2) intermediate risk: monosomy 3 and normal status of 8: M3/8nl, (3) intermediate risk: disomy 3 and gain of 8q (8g): D3/8g, and (4) high risk: M3/8g
(Tables 1 and 3) [21].
Bold underlined font indicates the P values that are statistically significant.

Table 4. Cox proportional hazards analysis for factors predictive of death from date of primary melanoma diagnosis
Univariate Multivariate

Variables HR (95% CI) P value HR (95% CI) P value

Histopathological growth pattern Replacement 2.03 (0.68–6.06) 0.2 4.93 (1.24–19.57) 0.023
Cassoux risk group High risk 3.73 (1.32–10.50) 0.01 0.60 (0.17–2.13) 0.43
Largest tumour diameter >17 mm 4.89 (1.89–12.70) 0.001 5.91 (1.96–17.81) 0.002
Treatment Surgery + systemic 3.83 (0.84–17.52) 0.08 1.28 (0.22–7.54) 0.875

Systemic 3.25 (0.68–15.40) 0.14 5.62 (0.90–35.10) 0.065
Age Continuous 1.04 (1.00–1.08) 0.04 1.01 (0.96–1.06) 0.685
Time to metastasis Continuous 0.58 (0.41–0.82) 0.002 0.48 (0.31–0.75) 0.001

Bold underlined font indicates the P values that are statistically significant.
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cancers. Our results are based on international consen-
sus guidelines for the recognition of HGP [21]. It is of
interest that independent blinded review of this study
set by two pathologists without any knowledge of
patient outcome resulted in strikingly good concor-
dance. We believe that this result can be attributed to
the recent validation of reliable and reproducible cri-
teria for HGP [21].
For these 41 liver metastases, 30 (73%) were classi-

fied as a predominant replacement pattern, while
11 (27%) as a predominant desmoplastic HGP. Our
results appear very similar morphologically to those
associated with colorectal and breast carcinomas. Fur-
ther, the observation of comparable morphological
findings across multiple tumour types and those with
different developmental origins provides additional
important support for the biological underpinnings and
the generalisability of these HGP in cancer metastases.
Another noteworthy observation from our study that

parallels that in other tumour types is that of the prog-
nostic importance of the replacement and desmoplastic
growth patterns. In a similar fashion to colorectal and
breast carcinoma [21,22], the replacement pattern sig-
nificantly predicted diminished survival while the des-
moplastic pattern correlated with increased survival.
These findings potentially provide for the first time an
important tissue biomarker for prognosis after the
development of liver metastasis. In our study, once
metastases have developed, OS diminished signifi-
cantly (p = 0.041) in patients with the replacement
pattern. This effect continued to be in significant on
multivariate analysis (HR = 7.12, p = 0.007). No other
factor including ‘high-risk’ genomic status, i.e. mono-
somy 3 and 8q gain, had such predictive value. In con-
trast, as would be expected, HGP had no predictive
value for metastasis-free survival or early OS in
patients from the time of diagnosis of primary UM in
this study population. However, the conventional
prognostic factors [patient age (increasing), high-risk
genetic status, and primary tumour diameter (LTD)]
were significant on univariate analysis after diagnosis
of the primary UM but lost this effect on multivariate
analysis with the exception of a small effect of LTD
(p = 0.01). With respect to metastasis-free survival,

the genetic variables (monosomy 3, 8q gain, and
M3/8q gain) and LTD had important predictive value
in the univariate model but were not significant on
multivariate analysis. It is of interest that the only
patient in this study with normal genetic status (dis-
omy 3, 8q normal), had a metastasis-free interval of
24 years. Following the development and surgical re-
section of a liver metastasis, this patient has continued
to be ‘disease-free’ at 28 months with a desmoplastic
HGP. It is possible that this combination of prognostic
factors might prove useful in the management of
patients.
The prognostic value of HGPs holds promise for the

selection of patients for metastasectomy. At present,
only R0, i.e. resection for cure, surgical therapy in
highly selected patients permits prolonged survival
(overall median survival of 27 months with DFS of
10 months) [39]. In contrast, patients with nonresect-
able liver metastases undergoing the best possible re-
section of these metastases have a median survival of
only 15 months. However, there is no correlation
between R status and any type of HGP, and HGP con-
tinues to be important on multivariate analysis even
after adjustment for R status (Table 3). Thus it of inter-
est that HGPs may provide important prognostic infor-
mation about all patient groups with liver metastases,
irrespective of R0 status. An ultimate goal is the corre-
lation of radiological images with HGPs which could
provide a noninvasive means of selecting patients for
metastasectomy or medical therapy.
The frequency of the replacement and desmoplastic

patterns in our study differs from the frequencies
observed in colorectal and breast carcinomas. As com-
pared to our results, colorectal carcinoma appears to
show a greater frequency of desmoplastic HGP, whereas
breast carcinoma shows an almost exclusive replacement
pattern [21,22]. In any event, the predominance of the
replacement pattern observed in liver metastases from
UM may be directly related to or predictive of the over-
all adverse prognosis associated with this neoplasm. In
addition, as in CRC [22], the appearance of new liver
metastases and/or the more rapid death of patients with
UM may potentially be linked to the transformation of
established metastases with the desmoplastic pattern to a
mixed pattern with replacement. Future studies are

Table 5. Cox proportional hazards analysis for factors predictive of metastasis (disease-free survival)
Univariate Multivariate

Variables HR (95% CI) P value HR (95% CI) P value

Cassoux risk group High risk 2.8 (1.32–5.96) 0.008 1.87 (0.81–4.31) 0.1
Largest tumour diameter >17 mm 2.16 (1.09–4.29) 0.03 1.57 (0.69–3.55) 0.3
Age Continuous 1.03 (1.00–1.06) 0.03 1.01 (0.98–1.05) 0.5

Bold underlined font indicates the P values that are statistically significant.
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needed to establish if this potentially adverse evolution
in HGP occurs in UM.
Concerning this adverse evolution linked to the

replacement pattern, it is important to emphasise that, in
the replacement pattern (angiotropism/vascular co-
option), tumour cells occupy ‘vascular niches’, such as
the space of Disse [4]. Accumulating evidence suggests
that this perivascular space is a preferential niche for
cancer stem cells (or cells with stem cell properties),
resistance to therapy, protection or escape from the
immune response, i.e. an immunologically privileged
site, and the progression and dissemination of cancer
[4,22,40–44].
With particular reference to the replacement HGP in

this study, immunohistochemistry and EM have con-
firmed that the melanoma cells located in the vicinity
of sinusoidal vessels are localised to the abluminal
vascular surfaces of sinusoidal vessels and in the space
of Disse, rather than being intraluminal [45,46]. These
findings provide additional support for the concept that
vascular co-option and angiotropism/EVMM is inher-
ently an ‘extravascular’ (abluminal) phenomenon and
independent of intravasation. It is of interest that, in
the previous autopsy studies of Grossniklaus et al [4],
their ‘infiltrative’ cases thought to correspond to the
replacement HGP in fact showed intrasinusoidal
involvement by melanoma cells, a finding never seen
in our current work.
Finally, concerning the migratory pathway of angio-

tropic tumour cells, several in vitro and in vivo observa-
tions have demonstrated that angiotropic melanoma cells
in cutaneous melanoma are able to migrate some dis-
tance from the primary tumour [7,25,34]. Since the 19th
century, the migration of tumour cells along vessels and
other tracks without intravasation has been described
[10–13,47]. However, additional studies are needed
to confirm distant metastasis by this migratory route.
The lack of correlation between monosomy 3 and

8q gain and liver HGP in UM and the lack of prog-
nostic significance of these genetic factors in the
context of UM liver metastases prompts some discus-
sion. First of all, these observations suggest that dif-
ferent mechanisms may be operative in the metastatic
process of UM, at least for liver metastases. It is of
interest that in a previous study there was no correla-
tion between angiotropism in primary UM and mono-
somy 3 [33]. 8q gain was not examined in that
study. The best explanation may be that the molecu-
lar basis of vascular co-option/EVMM simply has not
yet been established and that more investigation is
needed, including larger patient cohorts.
As mentioned earlier, recent autopsy studies have

referred to metastatic deposits as ‘infiltrative’ and

‘nodular’ [5,15]. The question arises as to whether the
latter descriptions bear any resemblance or relationship
to the replacement, desmoplastic, and pushing HGPs
observed in the current study. This ‘infiltrative’ pattern
[4] seems to have features of both the replacement and
desmoplastic HGPs in this study as melanoma cells
‘infiltrate’ hepatocytes (infiltrative, stages I and II [6])
as in our replacement HGP and they may form expan-
sive tumour aggregates surrounded by fibrous septae
(infiltrative, stage III [4]), as our desmoplastic HGP.
Conversely, the ‘nodular’ pattern [4] exhibits both
angiotropism of melanoma cells to portal venules (and
the space of Disse), a feature associated with the
replacement HGP in our study, and cohesive tumoural
aggregates that compress and obliterate the liver paren-
chyma, a defining characteristic of the pushing HGP.
How can one account for these differences? First of
all, there are striking differences between the two stud-
ies. A fundamental difference is the nature of the
material selected for study – autopsy versus material
derived from the surgical resection of liver metastases
identified by radiological imaging (MRI) in living
patients with UM. Autopsy material is clearly marked
by an advanced and terminal stage of disease versus
an earlier stage of disease assessed in our cohort of
living patients. Furthermore, autopsy material may be
suboptimal. One major difference in our study was the
apparent absence of intraluminal sinusoidal involve-
ment by metastatic UM. Importantly, intravascular/
intrasinusoidal tumour cells are seen more frequently
in autopsy material than in living patient samples
[21,48]. In addition, the case material studied by
Grossniklaus et al may to some degree correspond to
what has been termed ‘diffuse intrasinusoidal meta-
static disease’ as seen in the context of rare aggressive
cancers or in autopsy material [21,49,50]. Further-
more, the foci of liver involvement by UM in Gross-
niklaus’ studies ranged from <0.05 to 0.5 mm in
diameter or larger; while our metastases ranged from
approximately 1–17 mm (mean and median about
6 mm) in diameter. Sample size differences,
i.e. n = 15 versus n = 41, between the two studies
may also be a factor to consider in making compari-
sons difficult. Finally, all of the latter considerations
and the use of the international consensus guidelines
for classifying metastases in our study and in particu-
lar the primacy of the metastasis-liver interface would
appear to indicate that these two studies are fundamen-
tally different.
In conclusion, we report for the first time the fre-

quency of the replacement and desmoplastic HGPs in
liver UM metastases resected from living patients, and
their potential important prognostic value for UM
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patients, as in other solid cancers. With additional
study, these results may potentially be utilised to
develop objective radiological correlates and therapeu-
tic targets for managing patients with UM metastases.
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