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Background: Hepatic chemosaturation by isolated percutaneous liver perfusion (CS-PHP) with melphalan controls
hepatic tumor growth. However, optimal treatment frequency and the prognostic relevance of extrahepatic tumor
manifestation remain unclear. We analyzed response and tolerability of repeated treatment in regular cycles of CS-PHP.
Materials and methods: CS-PHP was administered to patients with primary or secondary liver tumors. Overall survival
(OS) and hepatic disease control rate (hDCR) were assessed retrospectively by modified RECIST after at least one
response assessment, and toxicity by Common Terminology Criteria for Adverse Events v4.03.

Results: A total of 97 CS-PHP treatments were carried out in 33 patients between 2016 and 2023. Patients had
unresectable intrahepatic metastases of uveal melanoma (n = 19), intrahepatic cholangiocarcinoma (n = 8),
hepatocellular carcinoma (n = 2), ciliary body melanoma (n = 1), acinar cell carcinoma (n = 1), pancreatic cancer
(n = 1) or tonsil cancer (n = 1). CS-PHP was carried out seven times in 1 patient, six times in 5, five times in 3,
four times in 2, three times in 4, twice in 7 and once in 11 patients. The median OS was 65 weeks (standard error
13.6, 95% confidence interval 38.2-91.5 weeks). hDCR was 91% (30 of 33 patients) at last observation time point.
Extrahepatic tumor manifestations were not associated with OS. CS-PHP was well tolerated. Grade Il or IV
pancytopenia occurred in two patients.

Conclusion: CS-PHP induced hepatic disease control in the majority of patients. Extrahepatic tumor manifestation had
no significant impact on OS. The relevance of CS-PHP as long-term treatment needs to be validated in future studies.
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INTRODUCTION

In patients with primary or secondary hepatic malignancies,
treatment strategies to control intrahepatic tumor growth
and spread include surgery, locoregional or systemic ther-
apies.’ The rates of success of these strategies depend on
the liver tumor burden as well as on liver function and in-
dividual treatment tolerability.* Chemosaturation (CS;
CHEMOSAT®, Delcath Systems Inc., Wilmington, DE), or
percutaneous hepatic perfusion (CS-PHP) with melphalan,
represents a novel regional therapy strategy to treat unre-
sectable primary or secondary intrahepatic malignancies. In
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the phase Ill FOCUS trial, a recent single-arm, multicenter
trial conducted across 40 centers in the European Union
and the United States in patients with hepatic metastatic
uveal melanoma (UM), the objective response rate (ORR) to
treatment with CS-PHP was as high as 36.3%.” The results of
this trial were the basis for the Food and Drug Adminis-
tration (FDA) approval for CS-PHP as treatment for adult
patients with metastatic UM.

In addition to its efficacy in treating hepatic metastatic
UM, CS-PHP has demonstrated activity in numerous patients
with various other primary or secondary hepatic tumors.®™°
The treatment with CS-PHP was described to be well toler-
ated in most patients. However, the lack of a defined repe-
tition frequency for CS-PHP and the lack of experience with
its use in patients with extrahepatic tumor manifestations
represent major uncertainties regarding the role of this
treatment in multimodal treatment strategies. Aiming to fill
this gap in knowledge, our study reports the experience with
a fixed treatment regimen of CS-PHP in real-world patients
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with various primary or secondary liver tumors and aims to
investigate the benefit of control of the liver tumor in pa-
tients with extrahepatic tumor manifestations.

MATERIALS AND METHODS

Patient selection

With the approval by the institutional review board (no.
264/18-ek), all patients treated with CS-PHP at our center
between January 2016 and October 2023 were retrospec-
tively enrolled.

Treatment with CS-PHP was initiated based on the deci-
sion of the institutional multidisciplinary liver tumor board
in cooperation with other site-specific tumor boards. Pre-
requisites for CS-PHP treatment were staging imaging by
either magnetic resonance imaging or computed tomogra-
phy not older than 8 weeks, sufficient hematologic, renal
and hepatic function, tumor burden of <50% of the liver
volume and written informed consent of the patients.
CS-PHP treatment was chosen for patients with dominant
intrahepatic tumor spread and non-prognostic extrahepatic
manifestations that were asymptomatic. CS-PHP was not
offered to patients with pre-existing conditions such as liver
cirrhosis, heart failure, chronic pulmonary disorders or if
they had shown intolerance to a previous CS-PHP treatment
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmogo.2024.100082). The study was carried out in
accordance with the Declaration of Helsinki. Data were
retrieved from hospital information system and institutional
database for this specific procedure.

Treatment procedures

All patients underwent angiographic evaluation of the he-
patic arteries up to 14 days before CS-PHP. Significant
arterial hepato-gastric or hepato-enteric anastomoses (e.g.
right gastric artery) were embolized to prevent systemic
exposure to melphalan.

Patients received CS-PHP using the Hepatic CHEMOSAT®
Delivery System (Delcath Systems, Inc.) according to the
manufacturer’s recommendations.®*” Thus, CS-PHP was
carried out under general anesthesia and with systemic
anticoagulation. The right common femoral artery was
accessed using a 4-French (F) angiography sheath, the right
internal jugular vein with a 6-F sheath and the right com-
mon femoral vein using an 18-F sheath. A 4-F catheter was
placed in the common hepatic artery (if there were no
anatomical variants), and then a micro-catheter was placed
into the intended vessel to administer melphalan, based on
the CS-PHP evaluation results. A 16-F double-balloon cath-
eter was positioned with its tip in the right atrium. The
venous catheter was then connected to an extracorporeal
filtration system. After all lines were in place, systemic
anticoagulation (heparin 300 1U/kg) was applied until an
activated clotting time (ACT) of <400 s was maintained to
prevent clotting of the filter. Once the intended ACT was
reached, the cranial balloon of the double-balloon catheter
was inflated inside the right atrium and retracted into the
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inferior vena cava, and subsequently the caudal balloon was
inflated inside the inferior vena cava, directly below the
orifice of the hepatic veins to prevent a systemic hepato-
venous drain. Correct positioning of the two balloons was
confirmed by a venous angiogram. Melphalan was admin-
istered at a dose of 3.0 mg/kg ideal body weight (maximum
220 mg/cycle) into the hepatic artery over a time frame of
0.6 ml/s. The hepatic venous blood was aspirated through
the double-balloon catheter, filtered extracorporeally and
returned through the internal jugular vein. The filtration
was carried out during and until 30 min after the adminis-
tration of melphalan.

Data collection and endpoints

All data were collected retrospectively using clinical, imag-
ing and laboratory reports. Endpoints of our study were
overall survival (0OS), hepatic disease control rate (hDCR)
and hepatic progression-free survival time (hPFS) during the
observation time, which included at least one CS-PHP
treatment and one follow-up imaging for response assess-
ment. Adverse events (AEs) associated with CS-PHP
assessed according to the Common Terminology Criteria
for Adverse Events v4.03 were another endpoint.

Statistical analysis and definition of response

All variables were expressed as median (range) depending on
the distribution. hDCR and hPFS were assessed according to
the modified RECIST (mRECIST).>%*! Best response was taken
as investigator-assessed response. hDCR indicates the best
response achieved from the initiation of CS-PHP until cessa-
tion and was defined as the percentage of patients achieving
hepatic complete response (hCR), hepatic partial response
(hPR) or hepatic stable disease (hSD) after first CS-PHP until
the end of treatment. hPFS was defined as time measured
from first CS-PHP to hepatic tumor progression. OS was
defined as time from first CS-PHP to death. Median OS and
median hPFS were analyzed using Kaplan—Meier estimation.
Graphs were generated with GraphPad Prism 8.0 (GraphPad
Software, San Diego, CA) and SPSS 24.0 (SPSS Inc., Chicago,
IL). The graphical abstract was designed using BioRender.

Response evaluation and treatment repetition

Images were assessed by two experienced radiologists and
response evaluation was retrospectively verified for this
study. Tumor extension before and after treatment with CS-
PHP was measured based on mRECIST.”>?* A further course
of CS-PHP was planned every 6-8 weeks if intrahepatic SD or
PR was found and treatment was well tolerated. Intervals
could be adjusted due to side-effects or organizational issues.

RESULTS

Patient characteristics

Thirty-three patients [23 (69.7%) female, median age 61
years (range 26-81 years)] were treated with CS-PHP 97
times (median 2, range 1-7 treatments per patient) be-
tween January 2016 and October 2023 (Table 1). Nine
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patients had liver surgery and eight patients received
systemic therapy before the first CS-PHP treatment. Pa-
tients had either unresectable intrahepatic metastases of
UM (n = 19), intrahepatic cholangiocarcinoma (ICC, n = 8)
or hepatocellular carcinoma (HCC, n = 2), or hepatic
metastases originating from other primary cancers,
including ciliary body melanoma, acinar cell carcinoma of
the head/neck region, pancreatic carcinoma and tonsil
carcinoma in one case each collectively referred to as
‘other’ (n = 4).

Before the first CS-PHP treatment, seven patients had
tumor manifestations spread beyond the liver. Thus, extra-
hepatic tumor manifestations were present in lymph nodes
(n = 2), multiple bones (n = 1) or kidney (n = 1). Three
patients each had lung, bone and lymphatic metastases.
During CS-PHP treatment, another 10 patients developed
extrahepatic tumor progression, whereas the remaining 16
patients had no tumor spread beyond the liver.

Frequency of CS-PHP treatments

In total, 97 CS-PHP treatments were carried out in 33 patients
with a maximum of 7 treatments per patient (Figure 1).

If patients showed radiological response after CS-PHP
Table 1. Patient baseline characteristics
Parameters Value, n (%)
Patients 33 (100)
Men 10 (30.3)
Women 23 (69.7)
Age at first treatment in years; median (range) 61 (26-81)
Interval between diagnosis of primary tumor 30 (0-193)
and first CS-PHP in months; median (range)
Patients with extrahepatic metastases 7 (21.2)
Intrahepatic cholangiocarcinoma 8 (24.2)
Extrahepatic metastases 0 (0)
Hepatocellular carcinoma 2 (6.1)
Extrahepatic metastases 0 (0)
Others 4 (12.1)
Extrahepatic metastases 2 (6.1)
Liver surgery before first CS-PHP 9 (27.27)
Systemic treatment before first CS-PHP 8 (24.3)
One systemic therapy 4 (12.12)
Two systemic therapies 3(9.1)
Three systemic therapies 1(3.0)

CS-PHP, chemosaturation with percutaneous hepatic perfusion.
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treatment, a consecutive CS-PHP was carried out. The inter-
val between two CS-PHP treatments was between 6 and
12 weeks in 85% of patients and ranged up to 56 weeks in
individual cases. CS-PHP was not repeated if intrahepatic
tumors showed progression or complete response. CS-PHP
was carried out seven times in 1 patient, six times in 5,
five times in 3, four times in two, three times in 4, twice in 7,
and once in 11 patients. Patients with hepatic UM or ICC
received 1-7 and 1-4 CS-PHP treatments, respectively. The
two patients suffering from HCC received 1 and 6 CS-PHP
treatments. Patients with other metastatic entities under-
went 1-2 CS-PHP sessions.

Survival in patients with or without extrahepatic tumor
spread

The median OS since the first CS-PHP treatment was 65
weeks [standard error (SE) 13.6, 95% confidence interval
(Cl) 38.2-91.5 weeks] (Figure 2A). Patients with UM had a
median OS of 69 weeks (SE 6.9, 95% Cl 55.6-82.9 weeks)
and patients with ICC had a median OS of 38 weeks (SE 2.9,
95% Cl 32.0-43.7 weeks). At the time of analysis, 11 of 33
patients were still alive, with 6 of them actively undergoing
CS-PHP treatment.

Upon the initiation of CS-PHP, 26 patients exhibited no
extrahepatic tumor besides the primary cancer, while 7
patients had extrahepatic metastases (UM = 5, other = 2).
Interestingly, there were no discernible differences in me-
dian OS between patients with or without extrahepatic
tumor manifestations at baseline (log-rank chi-square:
1.755, P = 0.185) (Figure 2B).

A total of 17 patients developed extrahepatic tumor
manifestation. In three of these patients, CS-PHP was
continued as the hepatic disease was still controlled and the
extrahepatic tumor was not considered life-limiting in view
of the hepatic tumor load.

Treatment response and reasons for treatment withdrawal

The DCR of hepatic tumors was 91%, including 6 patients
with hCR (18.2%), 12 patients with hPR (36.4%) and 12 with
hSD (36.4%). Median hPFS was 52 weeks (SE 13.9, 95% ClI
24.7-79.2 weeks) for all patients. Patients with hepatic UM

https://doi.org/10.1016/j.esmo0go.2024.100082 3
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Figure 1. Individual repetitions of 97 CS-PHP treatments and survival status. CS-PHP treatments are symbolized by a square. Arrows indicate ongoing observation.

Patients with a cross have died during the observation period (n = 22).

CS-PHP, chemosaturation with percutaneous hepatic perfusion; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocellular carcinoma; other, ciliary body

melanoma, angiosarcoma, tonsil and pancreatic carcinoma; UM, uveal melanoma.

showed a median hPFS of 69 weeks (SE 15.4, 95% Cl 39.1-
99.5 weeks), while ICC patients showed a median hPFS of
38 weeks (SE 2.9, 95% Cl 32-43.7 weeks).

Three patients (9.1%) showed no response to CS-PHP but
rapid intrahepatic tumor progression (Supplementary
Table S2, available at https://doi.org/10.1016/j.esmogo.
2024.100082). This included two patients with UM and
one with pancreatic cancer (Figure 3A and B). In six pa-
tients, hCR was achieved after a median of 5 (range 2-7) CS-
PHP cycles.

Accordingly, CS-PHP was abandoned as a treatment due
to hepatic disease progression in three patients, due to
intolerability in two patients and due to loss to follow-up in
four patients. The presence of extrahepatic tumor mani-
festation before the start of CS-PHP treatment was not
associated with response of the hepatic tumor.

4 https://doi.org/10.1016/j.esmo0go.2024.100082

CS-PHP induced significant tumor shrinkage in individual
patients, as for example demonstrated in a 28-year-old
female with multiple hepatic UM metastases with a
diameter of up to 10 cm. After six CS-PHP treatment ses-
sions over a period of 9 months, the patient achieved hCR
(Figure 4A). In another patient with ICC, an individual
treatment decision for CS-PHP as first-line therapy was
made because of rapid intrahepatic tumor progression and
after four CS-PHP cycles hPR was achieved after 11 months
(Figure 4B).

Safety and tolerability of CS-PHP

A total of eight AEs occurred during or shortly after the
intervention, including tissue edema, hematoma, bleeding
and renal failure, all of which were resolved and were
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Figure 2. Overall survival during CS-PHP of the total population. (A) Kaplan—Meier estimates of survival during CS-PHP in the total population. (B) Kaplan—Meier
estimates of survival during CS-PHP according to extrahepatic tumor spread at the start of treatment.

CS-PHP, chemosaturation with percutaneous hepatic perfusion.

summarized in a different publication.?? After CS-PHP,
patients were admitted to intensive care, with most be-
ing transferred to normal ward the next day. Almost all
patients experienced laboratory changes matching grade
AE definitions. Most grade I-Il AEs were hematologic,

Volume 5 m Issue C m 2024

such as leukopenia, neutropenia, thrombocytopenia and
anemia. Liver necro-inflammation and function showed
transient increases in bilirubin and alanine aminotrans-
ferase levels but normalized by day 35, indicating no
significant liver damage even after multiple CS-PHP

https://doi.org/10.1016/j.esmo0go.2024.100082 5
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Figure 3. Individual changes in tumor sizes during CS-PHP treatment. (A) Individual changes in tumor sizes during CS-PHP treatment. On the y-axis the change in
tumor size is indicated according to the baseline lesions. (B) Waterfall plot of changes in the size of target lesions at the end of observation. Dashed lines are
thresholds for hepatic PD, hepatic SD, hepatic PR and hepatic CR.

CR, complete response; HCC, hepatocellular carcinoma; ICC, intrahepatic cholangiocellular carcinoma; other, ciliary body melanoma, angiosarcoma, tonsil and
pancreatic carcinoma; PD, progressive disease; PR, partial response; SD, stable disease; UM, uveal melanoma.
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Baseline imaging

After second CS-PHP After fourth CS-PHP After sixth CS-PHP

Baseline CT - 12.05.2022

Figure 4. Example for response of UM liver metastasis to repeated CS-PHP treatment. (A) Example for response of UM liver metastasis to repeated CS-PHP
treatment. At the start of CS-PHP treatment, a large liver metastasis in liver segment 5/8 (blue arrow) showed hCR after six CS-PHP treatments within 9 months.
Surveillance imaging after 6 months after the last CS-PHP showed no remaining tumor. Top row: Contrast-enhanced CT in the portal venous phase at the level of the
upper abdomen shows shrinkage of the tumor. Bottom row: Contrast-enhanced MRI 6 months after the sixth CS-PHP shows no tumor with suspected residual scar
(orange arrow) in the area of the former metastasis. Left to right: T1 post-contrast in the hepatobiliary phase, T2 HASTE, diffusion-weighted imaging, ADC map. (B)
Example for local control of central liver metastasis of ICC (blue arrows). Contrast-enhanced CT in the portal venous phase at the level of the upper abdomen. On the
left, a large, unresectable ICC surrounding the hepatic veins and the inferior vena cava can be seen. On the right, CT image after four sessions of CS-PHP shows
shrinkage of the tumor with residual vital tumor.

ADC, apparent diffusion coefficient; CT, computed tomography; CS-PHP, chemosaturation with percutaneous hepatic perfusion; HASTE, half-Fourier acquisition single-
shot turbo spin-echo; ICC, intrahepatic cholangiocellular carcinoma; MRI, magnetic resonance imaging; UM, uveal melanoma.

treatments (Figure 5A and B). Two ICC patients developed
persistent grade IlI-IV pancytopenia, and one patient had
severe leukocytopenia and thrombocytopenia due to bone
marrow infiltration of UM. CS-PHP was discontinued
in two patients due to complications (takotsubo cardio-
myopathy or non-catheterizable splenic artery) and in two
others due to unspecified discomfort at their own will.

Follow-up and causes of death

CS-PHP was primarily used as a last-line therapy, with
follow-up treatments tailored to each patient. Twenty-

Volume 5 m Issue C m 2024

two patients died during follow-up. Three (two with UM
and one with pancreatic cancer) did not respond to CS-
PHP and died from intrahepatic tumor progression
(Figure 1). One ICC patient treated with ivosidenib after
CS-PHP did not achieve disease control. Ten patients with
intrahepatic disease control from CS-PHP experienced
dominant extrahepatic progression, leading to CS-PHP
cessation.

For three of these patients, individual therapies were
attempted. One UM patient received ipilimumab and
nivolumab for bone and lung metastases, later one, as
genetic analysis became standard of care, therapy was

https://doi.org/10.1016/j.esmo0go.2024.100082 7
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Figure 5. Liver related laboratory testings during CS-PHP. (A) Individual levels a

nd medians of bilirubin levels after multiple courses of CS-PHP treatment. CS-PHP was

carried out on day 0. (B) Individual levels and medians of ALT after multiple courses of CS-PHP treatment. CS-PHP was carried out on day 0.

ALT, alanine aminotransferase; CS-PHP, chemosaturation with percutaneous he

switched to tebentafusb. Another UM patient with a human
leukocyte antigen (HLA)-A*02:01-positive mutation was
treated with tebentafusb after significant bone metastasis
progression. A patient with ciliary body carcinoma, initially

8 https://doi.org/10.1016/j.esmo0go.2024.100082

patic perfusion.

responding intrahepatically, had progressive extrahepatic
tumors and received gemcitabine and treosulfan, and then
nivolumab and ipilimumab, without stabilization. All three
died from tumor progression.
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Four patients discontinued therapy due to travel diffi-
culties and died from unknown causes. Four ICC patients
switched from CS-PHP to standard chemotherapy or selec-
tive internal radiation therapy, showing disease progression
and ultimately death. One young patient with clear-cell HCC
received CS-PHP as a salvage treatment despite ascites and
died during follow-up.

DISCUSSION

Our retrospective analysis evaluated the efficacy and long-
term safety of CS-PHP for treating liver malignancies, irre-
spective of extrahepatic tumor manifestation, highlighting
its potential in managing primary and secondary liver can-
cers. CS-PHP was carried out 97 times (median 2, range 1-7
per patient) in 33 patients. In the total population of 33
patients, the median hPFS was 52 weeks (SE 13.9, 95% ClI
24.7-79.2 weeks) for all patients. Thirty patients (91%)
showed hepatic disease control during CS-PHP. Response to
CS-PHP, including hPR, hCR or hSD, and OS were similar in
patients with or without extrahepatic tumor manifestation.
The majority of patients in our cohort had liver metas-
tases from UM. Given that liver metastasis affects ~80% of
UM patients and significantly reduces survival to an average
of 6 months,”® our findings underscore the critical need for
effective treatment. Treatment options for hepatic UM are
sparse as most patients will present with multilocular he-
patic tumor infiltration making surgical resection impos-
sible.?” In January 2022, tebentafusp received FDA approval
for the treatment of HLA-A*02:01-positive unresectable or
metastatic UM.*® Eligibility criteria for the use of tebenta-
fusb, requiring HLA-A*02:01, restrict its application to
~12% of African or African American and 27% of European
descent patients, highlighting a significant treatment gap.””
In recently published data of the open-label, phase Ill trial in
which HLA-A*02:01-positive patients with previously un-
treated metastatic UM were randomly assigned ina 2 : 1
ratio to receive tebentafusp or a therapy with pem-
brolizumab, ipilimumab or dacarbazine, patients receiving
tebentafusp showed a mean OS of 21.6 months as
compared to 16.9 months in the control group receiving
treatment with pembrolizumab, ipilimumab or dacarba-
zine.?® With all the caution associated with this comparison,
our UM patient population (n = 19) achieved a mean OS
from first diagnosis of hepatic metastases of 20.59 months
(range 2-63 months), indicating comparable survival results
as HLA-A*02:01-positive patients receiving tebentafusp.
Our real-world data corroborate the efficacy of CS-PHP
against UM hepatic metastases, aligning with outcomes
observed in phase Ill and phase Il trials, thereby reinforcing
its clinical relevance.””*1316:19.2731 Mareover, CS-PHP as
long-term treatment could have the potential to lead to
comparable results as tebentafusp in HLA-A*02:01-positive
patients and offers an equivalent treatment option. The
great importance of controlling intrahepatic tumor mani-
festation for OS in our study, as well as the different ap-
proaches of the two treatment methods, should prompt us
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to consider whether a combination treatment of CS-PHP
and tebentafusp might be useful.

Besides patients with UM, our population included eight
patients with ICC receiving a total of 17 CS-PHP treat-
ments. The median OS from first CS-PHP treatment was 38
weeks (SE 2.9, 95% Cl 32.0-43.7 weeks). Indeed, one of our
patients suffering from ICC received CS-PHP as first-line
treatment due to rapidly progressive tumor growth. In
total, four CS-PHP treatments were carried out and hSD
was maintained. Tumor progression halted over the
observation period of 12 months. Such early and durable
responses of ICC to treatment are of special interest as
they rarely occur during systemic treatment with chemo-
therapy.>>** Our findings coincide with a recently pub-
lished study in 15 patients with ICC treated with repeated
CS-PHP treatments.”® In this study by Marquardt et al.,
ORR was 20%, and disease control was achieved in 53%
after the first CS-PHP. Median OS was 26.9 months from
initial diagnosis and 7.6 months from first CS-PHP, and
patients with liver-only disease had a significantly longer
median OS compared to patients with locoregional lymph
node metastases (12.9 versus 4.8 months, respectively; P
< 0.01). The potential role of CS-PHP for the treatment of
ICCs needs to be further investigated in prospective trials
(Figure 1).

Our approach of using CS-PHP in the form of regularly
repeated treatment cycles with undefined frequency
(Figure 3), similar to systemic chemotherapy, resulted in
long-term disease control in the majority of patients
(Figure 2) and was well tolerated.

Even after multiple repetitions, there was no increase in
CS-PHP-related AEs or liver toxicity.

Melphalan, an alkylating agent, induces DNA damage by
attaching alkyl groups, resulting in DNA mismatches and
strand breaks, leading to cell death. Its ability to be filtered
from the blood makes it suitable for CS-PHP.'®

Liver-related biochemical parameters were only tran-
siently affected by CS-PHP and spontaneously returned to
initial values at day 35 after each CS-PHP treatment in most
patients (Figure 5). There was no accumulation of toxicity
even after repeated applications.

Another argument for long-term repetition of CS-PHP
deduced from our findings is that the initial decrease in
tumor mass seen in all patients showing an initial response
to CS-PHP remained stable during the observation period,
and continued to further decrease after treatment repeti-
tions in some patients (Figure 3). Interestingly, the tumor in
one UM patient decreased below the visualization limit
after six CS-PHP treatments (Figure 4A). We feel that the
optimal frequency of CS-PHP and the timing of tumor
staging must be defined urgently, as treatment success may
only be achieved after several treatments (similar to sys-
temic chemotherapy). In this context, it also needs to be
investigated whether treatment with CS-PHP with
melphalan in combination with, for example, immune
checkpoint inhibitors as standard treatment might lead to
even better response to CS-PHP.
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In our patient population, patients with or without
extrahepatic tumor manifestation at the start of CS-PHP, as
well as those developing extrahepatic metastases during CS-
PHP, showed similar OS as compared to those patients with
liver-limited tumor. Ours is a very exploratory and under-
powered analysis, but we believe that this observation
highlights the importance of hepatic disease control for
survival in our population of patients with hepatic tumor
metastases. However, it must be mentioned that patients
with extrahepatic metastases were selected for CS-PHP only
if, according to the tumor board’s assessment, no life-
threatening disease dynamics were to be expected. Pro-
spective trials on the value of CS-PHP in patients with
limited extrahepatic tumor need to be conducted to clarify
the potential of CS-PHP as part of a multimodal treatment
approach of different tumor manifestations.

All types of CS-PHP-related AEs in our study are in
accordance with those reported in previous studies.®®?%3
Hematological toxicity was common but transient and
manageable; however, when grade Il or IV occurred,
treatment options were reconsidered. Importantly, AEs did
not seem to increase in severity after multiple CS-PHP cy-
cles in the majority of patients. Medication-related AEs only
occurred in patients with ICC, one of whom had suspected
systemic melphalan diffusion. Potential differences in
melphalan washout in hepatic UM and ICC may be associ-
ated with our observation, which should be investigated.

Despite achieving good intrahepatic tumor control, CS-
PHP presents significant obstacles. Its invasiveness,
requirement for a skilled team, and high costs are major
factors. Additionally, logistical challenges like long journeys,
financial burdens, and post-treatment well-being issues
have led to treatment interruptions for some patients.
These factors must be carefully considered when opting for
this treatment.

Future studies should aim to streamline treatment mo-
dalities and manage side-effects to reduce barriers to CS-
PHP use and improve patient adherence.

The limitations of our study are the retrospective design,
the limited patient number, the monocentric setting and
inclusion of heterogeneous tumor types, as well as the lack
of a control or comparator. Due to our study design and the
loss to follow-up in four patients, AEs may have been
underreported. Furthermore, there may be limited trans-
ferability of our data to other patient groups due to the
monocentric conduct of our analysis and the hyperselected
population. As our study was investigator-assessed, non-
blinded and unconfirmed response assessments were used,
this may lead to overestimation of the response rates.

We are convinced that our approach to use CS-PHP
treatments needs to validated in a prospective multicenter
phase Il clinical trial in comparison with standard of care.

CONCLUSION

Our results support the use of CS-PHP as a repeated long-
term treatment in patients with primary or secondary liver
tumors with or without extrahepatic tumor manifestations.

10 https://doi.org/10.1016/j.esmogo.2024.100082

R. Veelken et al.

Repetition of CS-PHP for up to seven times led to stabiliza-
tion of tumor growth in the majority of patients without
accumulation of hepatic toxicity. Further clinical studies are
warranted to develop CS-PHP as an effective treatment op-
tion for primary and secondary liver tumors.
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