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Does volume change of the spleen correlate
with the therapy response in uveal melanoma
patients with liver metastases undergoing
hepatic artery infusion chemotherapy?
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Background. Uveal melanoma (UM) patients with liver metastases often undergo hepatic artery infusion therapy
(HAIC). Due to diffuse metastatic spread in the liver, patients often develop hepatomegaly and secondary, portal
hypertension which may lead to splenomegaly. This study aimed to compare spleen volumetry and the change of
spleen volume (SV) for the evaluation of HAIC treatment response.

Patients and methods. In this study, 179 UM patients (mean age 64.8 + 11.0y, 53% female) with liver metastases
undergoing HAIC were included. Treatment response was analyzed by RECIST 1.1 and SV on CT imaging before and
after first HAIC. The correlation of change in spleen and liver volume was analyzed with Spearman test. Overall survival
(OS) was calculated as the time from the first HAIC to patient death using Kaplan-Meier test and multivariate analysis
was performed for RECIST 1.1 and SV.

Results. In the study population, OS was 13.8 months (95% CI 10.6-14.7 months). Change in SV before and after
first HAIC was +4% (interquartile range [IQR] -4.0%-12.0%, p = 0.49) and showed a weak correlation with OS (r=-0.11,
p = 0.18). UM patients with progressive disease (PD) according to RECIST 1.1 showed an increase in SV compared to
patients with stable disease (SD) (p = 0.04). Compared to RECIST 1.1, SV was not significant prognostic factor that can
identify a change in OS.

Conclusions. In uveal melanoma patients with liver metastases undergoing HAIC, neither the change of SV nor
splenomegaly could be identified as prognostic factors for OS.
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Introduction approximately 5% of all melanomas."? The local tu-

mor can be treated aggressively. However, around
Uveal melanoma (UM) is the most common prima- ~ 50% of all UM patients develop metastases, in ap-
ry malignant disease of the eye and accounts for ~ proximately 60% of patients liver metastases.>*
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There is no consensus regarding the treatment of
liver metastases in UM patients.® The only system-
ic immune therapy with a prolonged OS for UM
patients is tebentafusp. A phase 3 study by Hassel
et al. showed that OS in UM patients with liver me-
tastases treated with tebentafusp was prolonged
to 21.6 months compared to the control group with
an OS of 16.9 months.® However, tebentafusp is
only eligible for HLA-A*02:01-positive patients. For
all other UM patients, there is no systemic therapy
superior to another.” In this palliative setting, liver-
directed therapies such as transarterial chemoem-
bolization (TACE), radioembolization (RE), or he-
patic artery infusion chemotherapy (HAIC) have
proven to be well-tolerated treatment options.51

Total population undergoing HAIC
n=285 UM patients
between 10/2013 and 12/2021

Excluded (n=106)

* missing CT-imaging (n=54)

« prior liver surgery (n=24)

« coiling intrahepatic arteries for
perfusion re-distribution (n=17)

* no delineable liver lesions (n=7)

 partially treated liver (n=3)

 liver hematoma (n=1)

Study population

n=179

FIGURE 1. Flowchart of analyzed study population with exclusion criteria.

HAIC = hepatic artery infusion therapy

Therefore, minimizing side effects is crucial and
HAIC is particularly noteworthy. Particularly,
repeated HAIC is a well-tolerated therapy op-
tion that showed prolonged progression-free
survival and fewer hematological severe adverse
events compared to intravenous chemotherapy."
Monitoring the response of liver metastases to
therapy is crucial for optimizing patient care and
outcome. Metastases of various tumor histologies
can induce hepatomegaly due to their progressive
growth.? Hepatomegaly is defined with a volume
larger than 1890 ml.!* Hepatomegaly secondary to
diffuse metastatic spread to the liver can, in turn,
lead to portal hypertension and splenomegaly. The
growth of the spleen can be explained not only
by the increased portal pressure but also by the
spleen’s role in the immune system. The spleen, as
part of the immune system and the largest lym-
phoid organ, plays a significant role in tumor pro-
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gression.* For hepatocellular carcinoma (HCC),
it has been demonstrated that post-hepatectomy
splenomegaly may indicate liver decompensation
and the presence of splenomegaly with portal vein
thrombosis is associated with a shorter overall sur-
vival (OS).151¢ Splenomegaly can be easily detected
in computed tomography (CT) and magnetic reso-
nance imaging (MRI) and is defined as a spleen
volume greater than 315 ml.” To date, no studies
have investigated the correlation between spleno-
megaly, the change in volume of the spleen, and
therapy response in UM patients with liver metas-
tases.

Therefore, the aim of this study was to analyze
the correlation between changes in spleen and
liver volume, the relevance of splenomegaly and
therapy response in UM patients with liver metas-
tases undergoing HAIC.

Patients and methods
Patient cohort

In this single-center, retrospective study, UM pa-
tients who underwent their first HAIC for the treat-
ment of liver metastases between January 2013 and
December 2021 were included. Exclusion criteria
were the lack of CT imaging before or after first
HAIC, liver surgery before first HAIC, coiling of
intrahepatic arteries for perfusion re-distribution,
no delineable liver lesions, partially liver treated,
or liver hematoma (Figure 1). Patient data were ob-
tained from the medical record system. Survival
data from all patients were obtained from the cor-
responding resident registration office. Ethical ap-
proval was granted by the local ethics committee,
and the requirement to obtain informed consent
was waived (19-8703-BO, approval date 26.07.2019).
The study was conducted in compliance with the
guidelines of the Institutional Review Board of the
University Hospital Essen.

Hepatic artery infusion chemotherapy
(HAIC) procedure

HAIC was performed as described by Heusner et
al® In the angiography suite, the femoral artery
was punctured, and a 5F sheath was inserted using
Seldinger technique. Then, the upper abdominal
arteries were catheterized using a 5F Sidewinder
catheter, and a hepaticography was performed. A
microcatheter was coaxially advanced and placed
first in the common hepatic artery, then in the
right and left hepatic artery, and selective angiog-
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raphies were performed. When necessary, extrahe-
patic vessels originating from the hepatic arteries
or accessory hepatic vessels were catheterized by a
microcatheter and occluded with coils. Depending
on the flow dynamics and tumor distribution, the
drug was infused either into both lobes simultane-
ously via the proper hepatic artery or both lobes
were treated separately via the right and left he-
patic artery. Patients started with a dose of 40 mg
of Melphalan, and in case of progression, the dose
was escalated up to 50 mg, or the chemotherapeu-
tic agent was switched to Fotemustin.

Volumetry and therapy response
assessment

Volumetry of the liver and spleen was performed in
consensus by two radiologists with several years of
experience in oncological CT imaging using syngo.
via (Siemens Healthineers, Germany, Figure 2). CT
examinations of the liver were performed in arte-
rial and portalvenous contrast phases. CT exami-
nations were performed a maximum of two weeks
before and 6-8 weeks after first HAIC. The liver
index lesions were measured in the same contrast
phase before and after HAIC in which they could
be most sharply delineated. At least one index le-
sion was selected within the liver and the longi-
tudinal diameter was measured, or if at least one
index lesion per lobe was delineable, the diameters
were summed up. In accordance with RECIST 1.1,
therapy response was categorized into stable dis-
ease (SD), progressive disease (PD), and partial
response (PR).!® OS was defined as the time from
first HAIC to death. In order to investigate the in-
fluence of a change in spleen volume on OS, we
chose a threshold value of +5% after first HAIC
to differentiate stable (decrease or increase < +5%)
from increase (> +5%) of spleen volume. A thresh-
old of 5% was chosen because it exceeds the typical
range of inter-observer and technical variability in
imaging-based spleen measurements and repre-
sents a meaningful change of size.

Statistics and data analysis

D’Agostino-Pearson-Test was applied to deter-
mine normal distribution. Normally distributed
data are reported as mean +standard deviation,
non-normally distributed data as median and in-
terquartile range (IQR). The Kaplan-Meier curves
and the log-rank test were applied to estimate OS
with 95% confidence intervals (95% CI). Mann-
Whitney-U test was used to compare differences

Before first HAIC
." ;

After first HAIC
-

134 ml_~_

1375 ml 1306 ml
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FIGURE 2. 71-year old women with uveal melanoma and liver metastases. Axial
CT image examples of volumetry of liver and spleen four days before and 44
days after first hepatic artery infusion therapy (HAIC). Liver and spleen volume

increased by 39% aftfer first HAIC.

in non-normally distributed groups. Spearman
test was applied for correlation in non-normally
distributed data. For survival analysis, cox regres-
sion analysis was used. A p-value < 0.05 was con-
sidered statistically significant. Statistical analy-
sis was performed using GraphPad Prism 10.0.2
(GraphPad Software, San Diego, USA).

Results
Patient and treatment characteristics

A total of 285 UM patients with liver metasta-
ses underwent first HAIC in the study period.
Of these, 179 patients (62.8%) with a mean age of
64.8 years (SD 11.0, range 27-84 years) could be in-
cluded in this study (Table 1). Female were 53.1%
(95/179) of patients. The median number of HAICs
per patient was 5 (IQR 3-10). The median time be-
tween the baseline and follow-up CT after first
HAIC was 6.9 weeks (IQR 6.3-7.6 weeks). Median
time between baseline CT and first HAIC was 1
day (IQR 1-3 days, range 0-13 days). 91.6% (164/179)
of patients were treated with 40 mg Melphalan at
first HAIC, while 3.4% (6/179) received 45 mg, 1.7%
(3/179) received 50 mg and 1.1% (2/179) received
35 mg, 2.2% (4/179) of patients were treated with
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TABLE 1. Patient characteristics
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All patients (n = 179)

Splenomegaly (n = 25)

No Splenomegaly

Age (mean/SD)

Gender (female/male)

Number of HAIC
per patient

Spleen
Volume before first HAIC
Volume after first HAIC
Volume change

Liver
Volume before first HAIC
Volume after first HAIC

Volume change

RECIST 1.1 liver index
size change

Overall survival

13.7 months (7.3-21.2 months)

64.8 years, 11.0 years
95 (53 %) / 84 (47 %)

5 (3-10)

205 ml (150-263 ml)
213 ml (155-279 ml)
+4.0 % (-4.0 - +12.0%)

1731 ml (14262228 ml)
1780 ml (1447-2406 ml)
+4.0 % (-2.0 - +13.0%)

+2.8 % (-6.5 - +14.3%)

61.9 years, 12.5 years
4 (16 %) / 21 (84 %)

362 ml (347-407 ml)
385 ml (345-430 ml)
+6.5% (-5.8 - +11.5%)

2358 ml (1936-2787 ml)
2354 (1983-2894 ml)
-0.5% (-9.4 - +6.9%)

+2.5% (-3.0 - +10.2%)

10.7 months (5.2-19.2 months)

(n = 154) p-value
65.0 years, 10.7 years 0.2
91 (59 %) / 63 (41 %)
5(3-11) 5(3-9) 0.8
186 ml (142-237 ml) <0.0001
200 ml (151-241 ml) <0.0001
+3.6 % (-3.4 - +12.2%) 0.8
1637 ml (1405-2050 ml) <0.0001
1741 ml (1431-2240 ml) 0.0009
+5.0 % (-1.7 — +13.4%) 0.04
+3.3% (-7.2 - +16.1%) 0.7
13.8 months (7.3-21.8 months) 0.6

Values are shown as median (IQR), if not otherwise specified.

HAIC = hepatic artery infusion therapy; SD = standard deviation

40 mg Melphalan and 450 mg degradable starch
microspheres (DSM) (EmboCept S, PharmaCept,
Berlin, Germany) for salvage therapy due to exten-
sive liver metastases. According to RECIST 1.1 cri-
teria, 82.7% (148/179) of patients were evaluated SD
after first HAIC, while 16.8% (30/179) were evalu-
ated PD and 0.6% (1/179) PR.

Median spleen volume before first HAIC was
205 ml (IQR 150-263 ml, range 51-605 ml), which
slightly increased after first HAIC to 213 ml (IQR
155279 ml, range 65-662 ml), resulting in a me-
dian change of +4.0% (IQR -4.0% —+12.0%, p = 0.49).
Accordingly, to a threshold of 315 ml, 14.0% (25/179)
of patients presented with splenomegaly, and
86.0% (154/179) without splenomegaly before first

E 3
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] -
g 60 -
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© 404
>
5 204 .FIGURE 3. Change
o2 in spleen volume
R BN I differentiated by
i treatment response
3 -207 according to RECIST
E a0d 1.1. Points show outliers
] T LI outside the Tukey
SD PD whiskers. Asterisks

treatment response according indicate significant
to RECIST 1.1 differences (p <0.05).
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HAIC. Patients with splenomegaly more often pre-
sented with hepatomegaly and, consequently, with
significant higher liver volume before first HAIC
(median 2358 ml, IQR 1936-2787 ml) compared to
those without splenomegaly (median 1637 ml, IQR
1405-2050, p < 0.0001). In the entire study popula-
tion, the median liver volume before first HAIC
was 1731 ml (IQR 14262228 ml, range 889-7116
ml), which increased to 1780 ml (IQR 1447-2406 ml,
range 1447-7078 ml) after first HAIC, resulting in
a median change of +4.0% (IQR -2.0% - +13.0%, p
= 0.26). The change spleen volume following first
HAIC did not significantly differ regardless of the
presence of splenomegaly (with splenomegaly:
6.5%, IQR -5.8 - +11.5%, without splenomegaly:
3.6%, IQR -3.4 - +12.2%; p = 0.8). Conversely, the
liver volume in patients without splenomegaly in-
creased significantly more after first HAIC com-
pared to patients with splenomegaly (with sple-
nomegaly: -0.5%, IQR -9.4 - +6.9%; without spleno-
megaly: 5.0%, IQR 1.7-13.4%; p = 0.04). The median
change in RECIST 1.1 liver index lesion size was
+2.8% (IQR -6.6% — +14.3%, range -86.2% — +134.2%).
There is a moderate correlation between change in
size of the spleen and the liver (r = 0.34 p < 0.0001),
as well as between change in size of the liver and
liver index lesion (r = 0.32, p < 0.0001). Change in
size of the spleen and liver index lesion showed a
weak correlation (r=0.2, p = 0.009).
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Patients with SD had prior to first HAIC a me-
dian spleen volume of 204 ml (IQR 151-264 ml) and
increased after first HAIC to 213 ml (IQR 157-277
ml). Patients with PD had prior first HAIC a me-
dian spleen volume of 212 ml (IQR 134247 ml) and
after first HAIC a median spleen volume of 213 ml
(IQR 130-281 ml). There is no significant differ-
ence in spleen volume between patients with SD
compared to patients with PD prior first HAIC (p =
0.34) and after first HAIC (p = 0.60). While patients
with SD had a median change in spleen volume
of 2.9% (IQR -4.1% - +10.2%), patients with PD had
a higher median change in spleen volume of 8.6%
(IOQR -0.16% — +19.4%, p = 0.04, Figure 3).

Survival analysis

Before the date of analysis 83.8% (150/179) of pa-
tients died, while 16.2% (29/179) were alive or lost
to follow-up. Median OS of the study popula-
tion was 13.8 months (95% CI 10.6-14.7 months).
There is no significant difference in the median
OS between patients with and without spleno-
megaly before first HAIC (with splenomegaly: 10.7
months, 95% CI 6.4-15.9 months; without spleno-
megaly: 13.8 months, 95% CI 11.4-15.4 months, p
= 0.41, Figure 4). Change in spleen volume and OS
showed a very weak negative correlation in the en-
tire study population (r =-0.11, p = 0.18), as well as
in the subgroups with splenomegaly (r = 0.15, p =
0.48) and without splenomegaly (r =-0.13, p = 0.15).
OS was significantly shorter in patients with PD
according to RECIST 1.1 (8.3 months, 95% CI 5-14
months, n = 30) compared to patients with SD or
PR (15.1 months, 95% CI 8-22 months, n = 149; Chi
square 11.8, p = 0.0006, Figure 5A). In spleen volu-
metry, there is no significant difference in OS in
the patient group with increasing spleen volume
(15.1 months, 95% CI 8.1-21.9 months; n = 97) and
stable spleen volume (11.5 months, 95% CI 6.4-19.9
months; n =82, Chi square 0.61, p =0.44, Figure 5B).

There was a slight agreement of spleen volume
with RECIST 1.1 according to the inter-rater reli-
ability analysis (i = 0.005, 95% CI: -0.046 — 0.0056;
Table 2). We further analyzed RECIST 1.1 and
spleen volume in combination with no significant
result (Figure 6). There is no significant difference
in OS in patients with SD+PR according to RECIST
1.1 and either increase of or stable spleen volume
(RECIST 1.1 SD/ increase spleen volume OS 13.8
months, 95% CI 7.4-22.3 months, RECIST 1.1 SD/
stable spleen volume 15.8 months, 95% CI 8.5-21.9
months, Chi square 0.11, p = 0.74). Similarly, for pa-
tients with PD according to RECIST 1.1 and either
increase of or stable spleen volume, the results are
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FIGURE 4. Kaplan-Meier curve shows overall survival (OS) in uveal melanoma

(UM) patients with and without splenomegaly before first hepatic artery infusion
therapy (HAIC).
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FIGURE 5. Overall survival of evaluation of treatment response by RECIST 1.1 (A)
and spleen volumetry with a threshold of 5% (B) of spleen volume increase of
uveal melanoma patients with liver metastases treated by hepatic artery infusion
therapy (HAIC). Kaplan-Meier curves show overall survival (OS) separately for
patients evaluated as stable disease (SD) + partial response (PR) and (progressive
disease) PD. In spleen volumetry, patients with an increase in spleen volume
more than 5% were classified as increased spleen volume and with decrease or
increase up to 5% as stable spleen volume.
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TABLE 2. Median overall survival and accordance of tfreatment response evaluation by RECIST 1.1 and spleen volumetry with a threshold of 5%
increase in spleen volume

Spleen volumetry

RECIST 1.1 criteria

Stable (spleen volume decrease or increase
up to max. 5%)

SD + PR 15.8 months (n = 85)
PD 9.5 months (n = 12)
Total 15.1 months (n =97)

Increase (spleen volume increases

more than 5%) Total

13.8 months (n = 64) 15.1 months (n = 149)

8.5 months (n =18) 8.3 months (n = 30)

11.5 months (n = 82) 13.8 months (n = 179)

Cohen’s k =0.005, 95% CI: -0.046 - 0.0056

PD = progressive disease; PR = partial response; SD = stable disease

Survival rate [%]

754

50

25

—— RECIST 1.1 SD+PR / stable spleen volume
(n=85)
RECIST 1.1 SD+PR / increase spleen
volume (n=64)
—— RECIST 1.1 PD / stable spleen volume
(n=12)
RECIST 1.1 PD / increase spleen volume
(n=18)

— 1T 1T T T T T T 1
12 18 24 30 36 42 48 54 60

Months

T
0 6

FIGURE 6. Kaplan-Meier curves for the combined RECIST 1.1 and spleen volumetry
evaluation of treatment response with a threshold of 5% increase in spleen
volume in uveal melanoma patients with liver metastases treated by HAIC.

PD = progressive disease; PR = partial response; SD = stable disease

consistent (RECIST 1.1 PD/ increase spleen volume
OS 8.5 months, 95% CI 5.0-11.0 months, RECIST
1.1 PD/stable spleen volume 9.5 months, 95% CI
6.2-22.5 months, Chi square 1.46, p = 0.23).

Discussion

In the present study, we analyzed the correlation
between volume changes of the spleen and the rel-
evance of splenomegaly for the therapy response
in UM patients undergoing HAIC.

Our findings can be summarized into four
main points. Firstly, changes in the volume of the
spleen before and after first HAIC did not correlate
with OS. Secondly, we found that splenomegaly
before first HAIC was not predictive of shortened
OS in UM patients undergoing HAIC. Thirdly, we
observed a correlation between changes in spleen
and liver volume before and after first HAIC.
Lastly, patients with PD showed a significant in-
crease in spleen size compared to patients with SD.

Radiol Oncol 2025; 59(3): 383-390.

Since UM patients often develop liver metasta-
ses with a poor prognosis with a median OS of 4-6
months and a 1-year survival of 12-15% when left
untreated, this approach is interesting to evaluate
and could predict the treatment respons.>*!° There
are several therapy options nowadays that prolong
median overall survival after diagnosis of liver
metastases to 13.4 months and a 2-year survival of
8%, which was similar in our study cohort.#20% As
there is no treatment superior to another, it is es-
sential to understand the factors influencing treat-
ment response and prognosis in this population
for optimizing therapeutic strategies and improv-
ing patients’ outcom.*20-22

To date, literature regarding the prognostic val-
ue of splenomegaly for patients undergoing HAIC
is scarce. Former studies have shown that spleno-
megaly has a prognostic effect in patients with pri-
mary liver tumors treated with TACE, checkpoint
inhibitors, and radiofrequency ablation.>*?* These
results on primary liver tumors stand in contrast
to our study, in which we could not identify pre-
treatment splenomegaly as a prognostic factor in
UM patients undergoing HAIC. This could be due
to various reasons. Our patient cohort, comprising
only 25 patients with pre-treatment splenomegaly,
was relatively small and may have been under-
powered to detect subtle prognostic differences. In
our department, the chemotherapeutic dosage was
adapted dependent on the extent of liver metasta-
ses with patients with extensive liver metastases
receiving a higher dosage, which could potentially
confound the results. Furthermore, the discrepan-
cy may be attributed to differences in tumor biol-
ogy and treatment approaches between UM and
primary liver tumors.

There are several studies that analyzed the
change in volume of the spleen in correlation to
the OS in patients receiving immunotherapy, and
the results do not match. Galland et al. analyzed
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patients with non-small lung cancer (NSCLC) and
came to the conclusion that the change in volume
of the spleen correlates with the OS.2° In contrast to
this result are the studies study by Castagnoli ef al.
that analyzed patients with NSCLC and the study
by Miiller et al. that analyzed hepatocellular car-
cinoma (HCC) patients and could not identify the
change in spleen volume as a prognostic factor in
overall survival.??® These results are similar to our
study results. However, it has to be taken into con-
sideration that the changes in volume of the spleen
may be attributed not solely to treatment effects,
but also to the immunotherapeutic interventions
themselves since the spleen plays a major role in
immune system." These examples show that fur-
ther investigation is needed to understand the ef-
fect of change in spleen volume in tumor patients.

Unsurprisingly, our study shows that UM pa-
tients with PD have a shorter OS than patients
with SD according to RECIST 1.1. The following
analysis was conducted under the assumption that
patients with progressive liver metastases develop
portal hypertension, which can consequently lead
to splenomegaly. We analyzed whether stable or
increasing spleen volume within UM patients with
liver metastases classified according to RECIST 1.1
could provide an additional estimation of survival
probability. However, our findings did not reveal a
significant correlation. It is important to note that
the lack of significance may be attributed to the
limited sample size of our cohort. A larger patient
cohort, extension of the observation periods or
different observation times of the spleen volume
could potentially lead to different results.

Our study showed a correlation between chang-
es in spleen and liver volume before and after first
HAIC, as well as between the change in liver vol-
ume and change in liver index lesion. The liver
may enlarge when there is diffuse and progres-
sive metastatic spread leading to hepatomegaly
and, consequently, to portal hypertension.’? As the
liver undergoes changes in tumor burden and pa-
renchymal alterations in response to TACE, it may
exert indirect effects on spleen volume.

Lastly, our findings support the hypothesis
that hepatomegaly, possibly caused by diffuse
liver metastases, is associated with splenomegaly.
This is demonstrated by the significant difference
in liver volume observed in patients with spleno-
megaly compared to those without, prior to first
HAIC. Furthermore, patients with PD, and conse-
quently, a higher increase in liver volume showed
a significant increase in spleen volume compared
to patients with SD after first HAIC. This under-

lines the fact that growth in liver and spleen size
are interconnected and diffuse metastatic spread
of the liver may lead to portal hypertension.?”

Our study has some limitations. Due to its ret-
rospective and single-center study design, there
may be selection bias in the patient cohort and
the sample size did not allow a more detailed sub-
group analysis. Furthermore, there are no portal
hypertension direct measurements analysed in this
study. Another limitation of this study is the hetero-
geneity of chemotherapy regimens (Melphalan 35—
50 mg, DSM salvage), which may have influenced
the change of spleen volume independently of tu-
mor progression. Potential confounders of splenic
size variability such as infections or concurrent
medications were not accounted for. Nonetheless,
the study cohort provides a unique insight into the
importance of the size and change of size of the
spleen in UM patients undergoing HAIC. Future
research is necessary to evaluate the potential prog-
nostic relevance of splenomegaly and the change of
spleen volume in larger, longitudinal studies.

In UM patients undergoing HAIC, the change
of spleen volume correlates with the change of
liver volume. However, neither splenomegaly nor
the change of spleen volume could be identified as
prognostic factors for median OS.

Acknowledgments

We acknowledge support by the Open Access
Publication Fund of the University of Duisburg-
Essen.

References

1. Carvajal RD, Schwartz GK, Tezel T, Marr B, Francis JH, Nathan PD. Metastatic
disease from uveal melanoma: treatment options and future prospects. BrJ
Ophthalmol 2017; 101: 38-44. doi: doi: 10.1136/bjophthalmol-2016-309034

2. Singh AD, Turell ME, Topham AK. Uveal melanoma: trends in incidence,
treatment, and survival. Ophthalmology 2011; 118: 1881-5. doi: 10.1016/j.
ophtha.2011.01.040

3. Rietschel P, Panageas KS, Hanlon C, Patel A, Abramson DH, Chapman PB.
Variates of survival in metastatic uveal melanoma. J Clin Oncol 2005; 23:
8076-80. doi: 10.1200/JC0.2005.02.6534

4. Diener-West M, Reynolds SM, Agugliaro DJ, Caldwell R, Cumming K, Earle
JD, et al. Development of metastatic disease after enrollment in the COMS
trials for treatment of choroidal melanoma: Collaborative Ocular Melanoma
Study Group Report No. 26. Arch Ophthalmol 2005; 123: 1639-43. doi:
10.1001/archopht.123.12.1639

5. Nathan P, Cohen V, Coupland S, Curtis K, Damato B, Evans J, et al. Uveal
Melanoma UK National Guidelines. Eur J Cancer 2015; 51: 2404-12. doi:
10.1016/j.ejca.2015.07.013

6. Hassel JC, Piperno-Neumann S, Rutkowski P, Baurain J-F, Schlaak M,
Butler MO, et al. Three-year overall survival with tebentafusp in meta-
static uveal melanoma. N EnglJ Med 2023; 389: 2256-66. doi: doi: 10.1056/
NEJMo0a2304753

Radiol Oncol 2025; 59(3): 383-390.

389



390

Steinberg-Vorhoff HL et al. / Change in spleen volume

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Buder K, Gesierich A, Gelbrich G, Goebeler M. Systemic treatment of meta-
static uveal melanoma: review of literature and future perspectives. Cancer
Med 2013; 2: 674-86. doi: 10.1002/cam4.133

Schelhorn J, Richly H, Ruhlmann M, Lauenstein TC, Theysohn JM. A single-
center experience in radioembolization as salvage therapy of hepatic metas-
tases of uveal melanoma. Acta Radiol Open 2015; 4: 2047981615570417.
doi: 10.1177/2047981615570417

Heusner TA, Antoch G, Wittkowski-Sterczewski A, Ladd SC, Forsting M,
Verhagen R, et al. Transarterial hepatic chemoperfusion of uveal melanoma
metastases: survival and response to treatment. Rofo 2011; 183: 1151-60.
doi: 10.1055/5-0031-1281743

Gonsalves CF, Eschelman DJ, Adamo RD, Anne PR, Orloff MM, Terai M, et
al. A prospective phase ii trial of radioembolization for treatment of uveal
melanoma hepatic metastasis. Radiology 2019; 293: 223-31. doi: 10.1148/
radiol.2019190199

Leyvraz S, Piperno-Neumann S, Suciu S, Baurain JF, Zdzienicki M, Testori
A, et al. Hepatic intra-arterial versus intravenous fotemustine in patients
with liver metastases from uveal melanoma (EORTC 18021): a multicentric
randomized trial. Ann Oncol 2014; 25: 742-6. doi: 10.1093/annonc/mdt585.

Zimmermann A. Metastatic liver disease: associated liver lesions. In:
Zimmermann A, editor. Tumors and tumor-like lesions of the hepatobil-
iary tract: general and surgical pathology. Cham: Springer International
Publishing; 2017. p. 1973-87.

Kromrey M, Ittermann T, Plodeck V, Seppelt D, Hoffmann R, Heiss P, et
al. Reference values of liver volume in Caucasian population and fac-
tors influencing liver size. Eur J Radiol 2018; 106: 32-7. doi: 10.1016/j.
ejrad.2018.07.005

Wu C, Ning H, Liu M, Lin J, Luo S, Zhu W, et al. Spleen mediates a distinct he-
matopoietic progenitor response supporting tumor-promoting myelopoie-
sis. J Clin Invest 2018; 128: 3425-38. doi: 10.1172/JCI97973

Xiao LS, Hu CY, Cui H, Li RN, Hong C, Li QM, et al. Splenomegaly in predicting
the survival of patients with advanced primary liver cancer treated with
immune checkpoint inhibitors. Cancer Med 2022; 11: 4880-8. doi: 10.1002/
cam4.4818

Fernandez-Placencia R, Golse N, Cano L, Allard MA, Pittau G, Ciacio O, et al.
Spleen volumetry and liver transient elastography: predictors of persistent
posthepatectomy decompensation in patients with hepatocellular carci-
noma. Surgery 2020; 168: 17-24. doi: 10.1016/j.surg.2020.02.009

Prassopoulos P, Daskalogiannaki M, Raissaki M, Hatjidakis A, Gourtsoyiannis
N. Determination of normal splenic volume on computed tomography in
relation to age, gender and body habitus. Eur Radiol 1997; 7: 246-8. doi:
10.1007/s003300050145

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R, et al.
New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur J Cancer 2009; 45: 228-47. doi: 10.1016/j.ejca.2008.10.026

Gragoudas ES, Egan KM, Seddon JM, Glynn RJ, Walsh SM, Finn SM, et al.
Survival of patents with metastases from uveal melanoma. Ophthalmology
1991; 98: 383-90. doi: 10.1016/50161-6420(91)32285-1

Krantz BA, Dave N, Komatsubara KM, Marr BP, Carvajal RD. Uveal mela-
noma: epidemiology, etiology, and treatment of primary disease. Clin
Ophthalmol 2017; 11: 279-89. doi: 10.2147/0OPTH.S89591

Kujala E, Makitie T, Kivela T. Very long-term prognosis of patients with ma-
lignant uveal melanoma. Invest Ophthalmol Vis Sci 2003; 44: 4651-9. doi:
10.1167/iovs.03-0538

Kuk D, Shoushtari AN, Barker CA, Panageas KS, Munhoz RR, Momtaz P, et
al. Prognosis of mucosal, uveal, acral, nonacral cutaneous, and unknown
primary melanoma from the time of first metastasis. Oncologist 2016; 21:
848-54. doi: 10.1634/theoncologist.2015-0522

Mdiller L, Kloeckner R, Mahringer-Kunz A, Stoehr F, Diiber C, Arnhold G, et al.
Fully automated Al-based splenic segmentation for predicting survival and
estimating the risk of hepatic decompensation in TACE patients with HCC.
Eur Radiol 2022; 32: 6302-13. doi: 10.1007/s00330-022-08737-z

Mdller L, Gairing SJ, Kloeckner R, Foerster F, Weinmann A, Mittler J, et
al. Baseline splenic volume outweighs immuno-modulated size changes
with regard to survival outcome in patients with hepatocellular carcinoma
under immunotherapy. Cancers (Basel) 2022; 14: 3574. doi: 10.3390/can-
cers14153574

Radiol Oncol 2025; 59(3): 383-390.

25.

26.

27.

28.

29.

in uveal melanoma liver metastases

Wu WC, Chiou YY, Hung HH, Kao WY, Chou YH, Su CW, et al. Prognostic
significance of computed tomography scan-derived splenic volume in
hepatocellular carcinoma treated with radiofrequency ablation. J Clin
Gastroenterol 2012; 46: 789-95. doi: 10.1097/MCG.0b013e31825ceeb5

Galland L, Lecuelle J, Favier L, Fraisse C, Lagrange A, Kaderbhai C, et al.
Splenic volume as a surrogate marker of immune checkpoint inhibitor ef-
ficacy in metastatic non small cell lung cancer. Cancers (Basel) 2021; 13:
3020. doi: 10.3390/cancers13123020

Castagnoli F, Doran S, Lunn J, Minchom A, O’Brien M, Popat S, et al. Splenic
volume as a predictor of treatment response in patients with non-small cell
lung cancer receiving immunotherapy. PLoS One 2022; 17: e0270950. doi:
10.1371/journal.pone.0270950

Feucht HE, Schneeberger H, Hillebrand G, Burkhardt K, Weiss M, Riethmdiller
G, et al. Capillary deposition of C4d complement fragment and early renal
graft loss. Kidney Int 1993; 43: 1333-8. doi: 10.1038/ki.1993.187

Theophilidou E, Waraich N, Raza T, Agarwal PK. Liver metastases, a rare
cause of portal hypertension and stoma bleeding. Brief review of literature.
Int J Surg Case Rep 2012; 3: 173-6. doi: 10.1016/j.ijscr.2011.11.008



