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ARTICLE INFO ABSTRACT

Keywords: Introduction and importance: An 18-year old osteosarcoma patient with a huge tumor mass at the distal femur and
Isolated limb perfusion inguinal metastases was treated with the intention to preserve the leg and additionally treat the pelvic metastases
Osteosarcoma

locally. Therefore we modulated the technique of isolated limb perfusion.

Case presentation: Isolated Limb Perfusion was performed as an Extended Isolated Limb Stop-Flow Infusion
(EISLI) where the pelvis was included into the perfusion bed. Balloon catheters were placed in the arterial and
venous bifurcation in the pelvis. For increasing the drug concentration at the tumor site, an angiographic
catheter was placed arterially with the tip right in front of the tumor region. A Stop-Flow phase before the
perfusion phase was applied.

Clinical discussion: After 4 cycles of EISLI the lesions in the pelvis disappeared and surgical resection of the tumor
and implantation of an endoprosthesis was possible and successful. Histopathological findings showed no vital
cells in the resected tumor region. Currently the patient is tumor free and does not show recurrence or pulmonal
metastases for 18 months after the last induction treatment cycle.

Conclusion: With EISLI the inclusion of the pelvis is possible during isolated limb perfusion. In addition with low
total dosages EISLI enabled drug concentrations many times higher at the tumor site than possible during sys-
temic chemotherapy or standard isolated limb perfusion. It is a technique that allows limb preservation and
treatment of positive lymphnodes in the groin. Quality of life is maintained during the Regional Chemotherapy
(RCT).

Extended isolated stopflow limb infusion
Regional chemotherapy

Quality of life

Chemofiltration

1. Introduction and importance

Osteosarcomas are rare, mostly highly malignant tumors which peak
in frequency in the second decade of life, usually between the ages of 14
and 19. They arise predominantly in the metaphyses of long bones such
as the humerus, femur and tibia and are characterized by rapid growth
and early metastases particularly into the lungs.

Therapeutically, early combination chemotherapy is indicated to
avoid distant metastases and to achieve resectability through tumor
volume reduction [1].

Whenever possible, various surgical techniques are used to remove
the tumor with free resection margins to preserve the extremity. If the
tumor is not resectable with free margins due to its location and extent,
amputation can often no longer be avoided. Well known methods for
high- effectiveness is isolated limb perfusion and isolated limb infusion
which have been standard treatments for melanoma and were developed
by Thompson et al. [2-6]. Isolated limb infusion has also been described
as a limb saving strategy for soft tissue sarcoma patients [7]. The stop-
flow infusion technique was developed by Aigner et al. and enables
increased drug wuptake through temporarily very high drug
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concentrations in a milieu with a stopped blood flow in the tumor region
[8-12]. The combination of the stop-flow technique and the isolated
limb infusion including the pelvis was administered first time and is
hereby described as Extended Isolated Stop-flow Limb Infusion (EISLI).

Here we report on the case of a young female patient with a highly
malignant osteosarcoma at the left femur, who received EISLI and un-
derwent a limb conserving operation and implantation of a knee joint
prosthesis. The case report was planned and written in conformity with
SCARE criteria [13].

2. Presentation of the case
2.1. Preliminary clinical data - diagnosis and first line treatment

At the time of the first diagnosis in January 2020, the patient was
aged 17. After several weeks of pain in the thigh, later accompanied by
swelling, an MRI showed a tumor suspicious mass in the left femur with
an intra osseous craniocaudal extent of 8.2 cm, surrounded by a peri-
osseous tissue growth and edema with an extent of >13 cm. The axial
extent was 4.5 x 5 cm. A satellite lesion of 4 mm was located proximal to
the primary mass. A biopsy revealed a highly aggressive Ostesarcoma
grade G3 [Fig. 1]. She was treated in a pediatric hospital according to
the EURAMOS protocol consisting of high dose methotrexate (MTX),
doxorubicin, and cisplatin.

Preliminary thrombosis risk evaluations showed a homozygous
methylenetetrahydrofolate-reductase (MTHFR) polymorphism (at posi-
tion C667T). The activity of the affected MTHFR enzyme in homozygous
carriers is known to be reduced to 30 % compared to the wildtype
variant. Due to that, a reduced metabolism of Methothrexat (MTX) is
present in carriers of this variant, which is shown in numerous studies
that indicate increased toxicity to MTX.

Nevertheless, German guidelines do not reflect these findings and
MTX was indeed part of the first line treatment for this patient from
March 2020 until June 2020. Three cycles of MTX were accompanied
with MTX excretion delay and severe side effects including neutropenia
and exhaustive nausea. The patient decided to discontinue the treatment
after four treatment cycles, although MRI response evaluation in June
2020 showed partial response and further cycles were planned.

Afterwards alternative treatments like high dose vitamin C infusions
and different diets were chosen by the patient and her family during July
2020 until December 2020.

MRI and PET CT imaging in January 2021 revealed progressive
disease.

The axial extent of the tumor now was 10.5 x 9 cm compared to 4.5
x 5 cm in the imaging of January 2020 with increasing metabolism, the

Fig. 1. HE-staining of the initial biopsy showing a highly malignant central
osteosarcoma FNCLCC grade 3.
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infiltration of the bone marrow with active metabolism and a pathologic
fracture of the femur. There was also a progression of the satellite tumor
in the middle left thigh with increasing metabolism. The left iliac
lymphnodes were increased in size and metabolic activity, thus were
suspicious for metastatic relapse. Additional suspicious metastases were
found in the inguinal and femoral region. No evidence of distant me-
tastases was found.

An external orthopaedic department recommended, according to
guidelines, the amputation of the leg as the only valuable and life-saving
treatment option.

2.2. Methods - second line treatment - regional chemotherapy and surgery

However, the young lady, meanwhile 18 years, decided to refrain
from an amputation in favour of regional highly concentrated chemo-
therapy administered by Extended Isolated Stopflow Limb Infusion
(EISLI). This was performed in our facility in February 2021, with the
pelvic lesions included in the isolated circuit.

For extended isolation infusion including the pelvis with maximum
cytostatic exposure of the tumor initially balloon stop-flow catheters are
placed via the contralateral femoral vessels above the bifurcation of the
aorta and vena cava. A Sidewinder angiocatheter is introduced into the
right femoral artery proximal to the insertion site of the Stopflow
balloon catheter and the tip is localized in the left common iliac artery
[Fig. 2]. A pneumatic cuff is placed on the lower leg distal to the tumor.

To apply the cytostatics, the vena caval balloon is first inflated at the
level of the venous bifurcation. The aortic balloon catheter remains
deflated while the chemotherapy is injected in a pulsatile manner over a
minute through the angiocatheter. Thereafter the aortic stop flow
catheter is immediately inflated. The so-called “stop flow phase” lasts 5
min during which the tumor region is exposed to a very high concen-
tration. The balloon catheters are then pushed up just above the

LAO/RAO 0
Cranial/Caudal 0

Fig. 2. Scheme of cannulation with balloon blocking of vena cava (left balloon)
and aorta (right balloon). The aortic balloon is inflated after pulsatile injection
of chemotherapeutics through the angiographic sidewinder catheter in the
iliac artery.
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bifurcations so that the entire pelvis as well as the tumor region on the
knee is isolated and perfused for the next 10 min. Five minutes before
the balloon catheters and the pneumatic cuff on the lower leg are
deflated, chemofiltration is already underway.

The intervention was performed four times at three-week intervals.
In the first cycle, 40 mg doxorubicin and 10 mg melphalan were infused
as total doses. In cycles 2—4, the drug regimens were cisplatin 60 mg and
doxorubicin 30 mg, respectively.

After 4 cycles of EISLI, in June 2021 the surgical excision of the
tumor and implantation of a knee-joint endoprosthesis was conducted in
an external orthopaedic center.

Two months later, in August 2021, an adjuvant cycle of EISLI was
performed with 50 mg Cisplatin, 25 mg Doxorubicin, and 10 mg
Melphalan (total dosages).

All procedures were performed in compliance with relevant laws and
institutional guidelines and were approved by the institutional review
committee. The work described has been carried out in accordance with
The Code of Ethics of the World Medical Association (Declaration of
Helsinki) for experimental treatments. Written informed consent was
obtained from the patient for publication of this case report and
accompanying images. A copy of the written consent is available for
review by the Editor-in-Chief of this journal on request.

2.3. Results

All cycles of isolated stop-flow infusion were tolerated without
subjective side effects or bone marrow depression. Wound healing was
always undisturbed.

An MRI after the second cycle of therapy showed tumor regression
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with a tumor extent of 9.8 x 6.2 x 12.2 cm compared to 10.8 x 8.9 x
13.2 cm on January 8, 2021. The edema was significantly less and the
satellite nodule had shrunk from 19 mm to 16 mm and the inguinal
lymph nodes were also slightly reduced in size. Clinically, the tumor
appeared smaller and a complete pain response was achieved. After four
EISLI cycles in June 2021, another MRI revealed further tumor regres-
sion while the satellite nodule was still present. All lymph node metas-
tases, inguinal and iliac, had disappeared and there was no evidence of
distant metastases [Fig. 3].

The diagnostic findings now allowed the surgical removal of the
tumor and the implantation of a knee joint endoprosthesis.

The histopathological findings were that the entire tumor bed had
been excised and showed clear regressive cell transformations with no
viable tumor cells in the 12.5 cm long excision bed, as a sign of patho-
logical complete remission. The satellite tumor was included in the
excision bed without evidence of viable tumor cells. The resection
margins were tumor-free.

The fifth, adjuvant cycle of EISLI in August 2021 was well tolerated
with no side effects. A PET-CT in October 2021 showed neither evidence
of local recurrence nor evidence of lymph node or distant metastases.

2.3.1. Pharmacokinetics

The measurement of the cisplatin level during the infusion and stop-
flow phase of the 4th therapy cycle showed a maximum of 386 pg/ml
cisplatin in the artery supplying the tumor, with a plateau phase with
high concentrations being measured during 5 min despite the low total
doses. The concentration measured in the tumor's peripheral vein was
still higher than usual systemic chemotherapies and reached a peak of
46 pg/ml. However, it was much lower than at the arterial measurement

3D PET VR RECONSTRUCTION
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Fig. 3. PET-CT scans: Timeline collage of lower extremity unfused PET 3D volume rendered images in anterior and lateral projections with corresponding axial
unfused PET images in a & d. pretreatment appearance of an intense focal uptake in the distal left b & e. post treatment appearance of treatment responsive left distal
femur with remarkable interval decrease in metabolic uptake of the primary lesion and c¢ & f postsurgical prosthetic replacement of the diseased distal left femur

extending across the knee joint devoid of pathological uptake.
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point, indicating stringent tissue uptake. The arterial and venous
measuring points in the extremity, decreased rapidly in drug concen-
trations after the start of chemofiltration. The peripheral measurement
showed continuously low systemic cisplatin concentrations with a
maximum of 6 pg/ml [Fig. 4].

3. Discussion

The basic strategy for any sarcoma treatment is induction chemo-
therapy followed by surgical removal of the tumor and further chemo-
therapy. The aim of the surgical intervention is to preserve the affected
extremity as far as possible, i.e. to resect the tumor with histologically
tumor-free margins. Various surgical procedures are available for this,
depending on the size and anatomical location of the tumor. However, a
prerequisite for this is that the tumor responds well to induction
chemotherapy, and the prognosis also depends on this [14].

In the present case of a highly malignant, rapidly proliferating, and
very large tumor, there was some initial response to chemotherapy, but
the patient refused to continue treatment after 3 cycles because of
intolerable toxicity.

In principle, locally higher concentrated intra-arterial therapies
came into consideration as alternatives, which had consistently good
clinical approaches and good results, but no sweeping successes.

The level of effective concentration of cytostatics that can be ach-
ieved does not depend on the dose applied, but on the technique used.
The administration of chemotherapeutic agents in an isolated extremity
perfusion into the priming solution in the reservoir of the heart-lung
machine inevitably leads to initial dilution before the chemothera-
peutic agent reaches the tumor. In our present case, it is infused into the
perfusion circuit as a short arterial infusion and then a so-called stop-
flow phase is followed for 5 min before the isolated perfusion is started
using an external roller pump. A maximum concentration of 386 pg/ml
cisplatin is reached with an arterial infusion duration of 5 to 10 min of
relatively low doses into the arterial circulation, whereas the tumor-
toxic effect is increased by a factor of ten. In our patient, this led to
complete necrosis of the osteosarcoma and affected iliac lymph nodes,
allowing resection and implantation of a knee joint prosthesis. After 18
months follow up, assessments have shown no evidence of disease.

The important positive effect of EISLI was that due to concomitant
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chemofiltration there were never any stressful side effects and the
quality of life was always maintained.

4. Conclusion

EISLI (Extended Isolated Stopflow Limb Infusion) is an effective
treatment technique for malignant tumors of the extremities, even if
metastases in the pelvic region are present. It is an extended and
advanced mode of the well-established Isolated Limb Perfusion (ILP). It
can lead to rapid tumor shrinkage without significant side effects and
achieve resectability, even of large tumor masses, where amputation had
been considered the only remaining option. Due to direct infusion into
the tumor supplying artery, and the avoidance of dilution of chemo-
therapeutic drugs in the perfusion reservoir, extremely high drug con-
centrations are achieved at the tumor site despite the use of only small
total dosages. The quality of life is largely preserved.
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Fig. 4. Serum concentration measurements for Cisplatin: On a logarithmic axis measurements of cisplatin concentrations are shown for the tumor afferent artery in
the limb (AL), the tumor efferent vein in the limb (VL) and the peripheral vein that is outside the isolated circuit (VP). The decreasing concentration from tumor
afferent artery to tumor efferent vein shows significant drug uptake into the tumor region. The concentrations in the periphery are constantly low.
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