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Abstract: (1) Purpose: To evaluate tumor response and survival of patients with colorectal pulmonary
metastases treated by transvenous pulmonary chemoembolization (TPCE) alone with palliative
intent or TPCE followed by microwave ablation (MWA) with potentially curative intent. (2) Material
and methods: A total of 164 patients (64 women and 100 men; mean age: 61.8 £ 12.7 years) with
unresectable colorectal lung metastases and not responding to systemic chemotherapy, who either
received repetitive TPCE (Group A) or TPCE followed by MWA (Group B), were retrospectively
enrolled. The revised response evaluation criteria in solid tumors were used to assess treatment
response in Group A. The oncological response in Group B was divided into local tumor progression
(LTP) and intrapulmonary distant recurrence (IDR) after MWA. (3) Results: The 1-, 2-, 3-, and 4-year
survival rates were 70.4%, 41.4%, 22.3%, and 5%, respectively, for all patients. In Group A; the rates of
stable disease; progressive disease; and partial response were at 55.4%, 41.9%, and 2.7%, respectively.
The rates of LTP and IDR were 3.8%, and 63.5%, respectively, in Group B. Conclusion: TPCE is
an effective treatment for colorectal lung metastases, which can be performed alone or combined
with MWA.
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1. Introduction

Colorectal carcinoma is counted among the most common types of cancer [1,2] and
cancer-related deaths [1]. Furthermore, the most metastases from colorectal cancer occur
and develop in the liver and lung [3].

The treatment of choice for colorectal lung metastases is still the surgical resection [4],
but unfortunately, the majority of patients do not qualify for metastasectomy [5].

Systemic chemotherapy including 5-fluorouracil (5FU)/leucovorin with oxaliplatin
(FOLFOX) or irinotecan (FOLFIRI) is usually applied for treating metastatic colorectal
cancer [6]. High drug toxicity and side effects are considered upon the limitations of
systemic chemotherapy [7].

In order to increase the concentration of anticancer drugs in the tumor itself, as well as
to reduce and avoid systemic side effects, isolated lung perfusion can be performed [8,9].

The major disadvantages of ILP are the high invasiveness of this treatment option and
that it can only be performed once per lung and not repetitively [10,11].

A less invasive treatment option for lung neoplasms is the transvenous pulmonary
chemoembolization (TPCE), which can be performed repetitively and also allows the local
application of chemotherapeutic agents and embolization materials [12].

TPCE is conducted by punction of the femoral vein and achieving a selective approach
to the tumor-supplying arteries using different catheters. Subsequently, anticancer drugs
can be applied and a stasis of the blood flow can be achieved by administration of lipiodol
and microspheres [13]. The occlusion of the tumor-supplying arteries leads to an ischemic
effect, but also prolongs the exposure time of the applicated cytostatics [12,14].
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TPCE can be used as a palliative treatment to reduce the tumor burden [13,15], or as
a neoadjuvant treatment option in combination with local ablation [15], which includes
radiofrequency ablation (RFA) and microwave ablation (MWA), among others [16].

The purpose of this retrospective study was to evaluate local tumor response and
survival of patients with unresectable and not to systemic chemotherapy-responding lung
metastases from colorectal carcinoma by TPCE only as palliative treatment or by TPCE
with an additional MWA therapy as potentially curative treatment.

2. Materials and Methods
2.1. Ethical Approval

This study received approval by the Ethics Committee of our university hospital.

2.2. Patients

This retrospective study included one hundred sixty-four (64 women and 100 men)
patients with a mean age of 61.8 + 12.7 years; median 64 years (range: 29-87 years).
The patients had unresectable and not to systemic chemotherapy-responding pulmonary
metastases from colorectal carcinoma that were either treated by only TPCE or TPCE
followed by MWA, at our department of diagnostic and interventional radiology. The
patients’ cases were discussed at a multidisciplinary tumor board (MTB), where the decision
for the interventional treatments was made.

The unresectability of the metastases was stated by a thoracic surgeon in that MTB.

Most patients underwent only TPCE as palliative treatment to reduce tumor burden
and symptoms, but also to at least achieve local tumor control. Patients who initially had a
low number of metastases and responded well to TPCE also underwent MWA.

Most patients had their origin of primary tumor in the colon at a rate of 64% (105/164),
followed by the rectum at a rate of 36% (59/164).

2.3. Palliative Group (Group A)

A total of 112 patients could be included in the palliative group and received only
TPCE. The patient group consisted 48 women and 64 men with a mean age of 61 £ 13 years;
median 62 years (range: 29-87 years).

Patients had predominant lung metastases with a mean metastatic count of 19 4 19.7.

This group underwent an average of 5.6 & 4 sessions of TPCE at intervals averaging
four to six weeks during the course of therapy in a palliative therapeutic setting.

2.4. Potentially Curative Group (Group B)

This group consisted of 52 patients, including 16 women and 36 men, with a mean
age of 63.5 & 11.6 years and a median age of 66 years (range: 38-87 years), who were
firstly treated with repetitive TPCE, and after reducing the size and number of metastases,
received MWA with potential curative intent.

The patients initially had 6.6 + 5.4 metastases and received a mean of 7 & 5.5 sessions
of TPCE at four- to six-week intervals. The patients were treated afterward by a mean of
3.4 & 2.5 MWA sessions.

Table 1 summarizes the characteristics of patients and metastases.

Table 1. Patients and metastases.

Group A +B Group A Group B

Number of patients (%) 164 (100) 112 (68.3) 52 (31.7)
Gender n (%)

Women 64 (39) 48 (42.9) 16 (30.8)

Men 100 (61) 64 (57.1) 36 (69.2)

Mean age 61.8 £ 12.7 years 61 + 13 years 63.5 £ 11.6 years
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Table 1. Cont.
Group A + B Group A Group B
Primary origin n (%)
Colon 105 (54) 72 (64) 33 (63.5)
Rectum 59 (36) 40 (36) 19 (36.5)
Mean number of metastases 19+19.7 6.6 £54
Initial diameter of metastases 23+ 1.7cm 19+ 15cm
Initial volume of metastases 20.4 + 49.2 cm? 9.3 +£20.7 cm®
Number of TPCE sessions 56+4 7+55
Number of MWA sessions 34£25

2.5. Inclusion and Exclusion Criteria

We included patients who were (1) adults aged >18 years, (2) with unresectable
and not to systemic chemotherapy-responding pulmonary metastases from colorectal
cancer, and (3) with sufficient follow-up data, that underwent either repetitive TPCE as
monotherapy or in combination with consecutive adjuvant MWA.

The exclusion criteria were (1) open arteriovenous shunt to the pulmonary venous
system, (2) patients with thrombosis of the pulmonary artery, (3) cardiac, respiratory,
and/or renal failure, (4) and coagulopathy.

2.6. TPCE Procedure

Informed consent was obtained from all patients before every treatment session.

Ahead of every treatment session, important laboratory parameters such as hemoglobin
and creatinine levels, as well as platelet count, were checked.

After achieving local anesthesia with 1% mepivacaine, either the right or left femoral
vein was punctured and a sheath was placed. A pulmonary angiographic overview was
performed to assess the relevant tumor-supplying arteries. Afterward, the branches of
pulmonary artery were selectively or super-selectively proceeded, followed by injection
of a mixture of different chemotherapeutic agents. Different catheters were used while
performing TPCE, including headhunter and cobra catheters.

A mixture consisting of mitomycin C 8 mg/m? (mito-medac®, Medac), cisplatin 35 mg/m?
(Cisplatin Accord, Accord Healthcare Limited), and either gemcitabine 800 mg/ m? (Gemcitabin
HEXAL®, Hexal AGQG) or irinotecan 100 mg/ m? (Irinotecan Aurobindo®, PUREN Pharma
GmbH), in individual dosage was most frequently used.

Following the injection of chemotherapeutic agent, a stasis of the tumor blood supply
was reached by applying up to 10 mL Lipiodol® (Guerbert, Sulzbach, Germany) and
200-450 mg microspheres (EmboCept, PharmaCept GmbH, Berlin, Germany) gradually
under fluoroscopy (Figure 1).

Figure 1. During TPCE of metastases in the left lung of a female patient.
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2.7. MWA Procedure

All relevant labor parameters were also verified before each MWA treatment.

At first, the target metastasis was again localized using an unenhanced CT scan. Next, the
patient was covered in a sterile manner, disinfected, and the microwave antenna was placed
in the intrapulmonary metastasis after local anesthesia. MWA treatments were conducted
using the power of 45 to 100 watts within a duration of between 1 and 35 min (Figure 2).

Figure 2. During MWA of a central metastasis (1.8 x 2.2 cm) in the right lung of a male patient.

2.8. Follow-Up

The patients received different cross-sectional scans before and after the different
treatment sessions, including MRI and CT.

These pre- and post-interventional images were taken to evaluate the therapy response
and to detect possible complications that may occur. These were also used to perform
the measurements of the metastases and ablation areas. The volumetric measurements
conducted were computer-aided.

2.9. Data Analysis

The cases were also evaluated according to different parameters, including age, sex,
location of primary tumor, number of metastases, size (diameter and volume) of metastases,
therapy response, and survival rates.

The revised response evaluation criteria in solid tumors (RECIST) was used to assess
the treatment response [17] in Group A. A complete response (CR) was reached if the target
lesions disappeared. A partial response (PR) was defined as a decrease in at least 30% of
the target lesion. A progressive disease (PD) was displayed by an increase of at least 20%.
The case was considered as a stable disease (SD), if it could not be allocated to PR or PD.
The oncological response in Group B was divided into local tumor progression (LTP) and
intrapulmonary distant recurrence (IDR).

The occurrence of new metastasis directly adjacent to the ablative margin was con-
sidered as LTP, and the development of new metastasis at any other site of the lung was
evaluated as IDR [18].

Survival was calculated from the date of the treatment until the date of death or last
contact. The survival analysis was performed for all patients, for Group A and Group B, as
well as according to location of the primary tumor.

2.10. Statistical Analysis

We used IBM SPSS Statistics, Version 29.0 for performing the statistical analysis.

For calculation of survival rates the Kaplan—-Meier estimator was used. The survival
of subgroups was compared between the groups with a log-rank test.

We considered a two-sided p-value of <5% as statistically significant.
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3. Results
3.1. Measurements of Metastases and Ablation Area

The mean diameter of the reference metastases was 2.3 + 1.7 cm and the mean volume
was initially 20.4 + 49.2 cm? in Group A. In Group B, the mean diameter of the reference
metastases was 1.9 & 1.5 cm and the mean volume was 9.3 + 20.7 cm?, initially.

The mean volume of metastases was reduced after TPCE to 7.9 + 15.5 cm? before
performing the MWA treatment.

The mean volume of the ablation area was 45.4 + 35 cm?.

3.2. Therapy Response

In Group A, 55.4% (n = 62) of the patients achieved SD, and 47 patients had PD at a
rate of 41.9%. PR was achieved in 2.7% (n = 3) of the patients (Table 2).

Table 2. Therapy response of Group A.

Stable disease 1 (%) 62 (55.4)
Progressive disease 1 (%) 47 (41.9)
Partial response 1 (%) 3(2.7)

A total of 35 patients developed a recurrence at a rate of 67.3% in Group B.
Of these patients, two cases developed LTP at a rate of 3.8%, and 33 patients developed
IDR at a rate of 63.5% (Table 3).

Table 3. Therapy response of Group B.

LTP 1 (%) 2(3.8)
IDR 71 (%) 33 (63.5)

3.3. Overall Survival

The 1-, 2-, 3-, and 4-year survival rates were 70.4%, 41.4%, 22.3%, and 5%, respectively,
for all patients. The mean and median times of survival for all patients were 23.7 months
and 19 months, respectively (Table 4 and Figure 3).

Survival Function

o [ Group

All patients
—+— All patients-censored

0.8 Feay

Cum Survival

0.2

0.0

0 20 40 60

Survival in months

Figure 3. Survival for all patients.

The subgroup analysis of survival showed 1-, 2-, and 3-year survival rates of 61.2%,
33.5%, and 17%, in Group A, and 87%, 55.3%, and 31.1% in Group B, respectively.
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Table 4. Survival of all patients.

1-year OS rate. 70.4%
2-year OS rate 41.4%
3-year OS rate 22.3%
4-year OS rate 5%
Mean OS time 23.7 months
Median OS time 19 months

The mean survival time was 20 months in Group A, and 30 months in Group B. The
median survival times in Group A and Group B were 15 months and 29 months, respectively
(Table 5 and Figure 4). The number of censored cases was 46 in Group A and 19 in Group B.

Table 5. Survival of patients according to treatment intention.

Group A Group B
1-year OS rate 61.2% 87%
2-year OS rate 33.5% 55.3%
3-year OS rate 17% 31.1%
Mean OS time 20 months 30 months
Median OS time 15 months 29 months
Survival Functions
1.0 -+ Group
L*L + Pot. curative
- L —Palliative
‘L 7 +— Pot. curative-censored
o L 1 —}— Palliative-censored
H 5
1 \
© i
> 06 -
E I .
= -
wv
£ LL +
3 0.4 H
L !
0.2 ]Ta—a—;—\‘
| 1
0.0
0 20 40 60

Survival in months

Figure 4. Survival of patients according to treatment intent.

There was no significant difference in the survival of the patients when comparing it
according to location of primary (p-value: 0.85). The 1-, 2-, and 4-year survival rates were
69.7%, 45.5%, and 4.2% in patients with colon carcinoma, and 71.4%, 33.4%, and 6.4% in
patients with rectal carcinoma, respectively. The median survival time was 21 months in
patients with colon carcinoma, and 17 months in patients with rectal carcinoma (Table 6
and Figure 5). A total of 40 cases with colon carcinoma and 25 cases with rectal carcinoma

were censored.



J. Clin. Med. 2023, 12, 3394

7 of 10

Table 6. Survival of patients regarding to cancer origin.

Colon Rectum
1-year OS rate 69.7% 71.4%
2-year OS rate 45.5% 33.4%
4-year OS rate 4.2% 6.4%
Median OS time 21 months 17 months
p-Value 0.85
Survival Functions
Lo Group
Colon
o —Rectum
i e o | Colon-censored
i . g}j —— Rectum-censored
3 o | e
£ L
a L
L,
1
0.2 = +
1 f]
0.0

Survival in months

Figure 5. Survival of patients according to origin of primary tumor.

4. Discussion

Unfortunately, metastases occur in more than half of the patients with colorectal
carcinoma throughout the time of their disease [19]. This shows the importance of suitable
therapeutic management for the metastases in patients with colorectal carcinoma.

Unfortunately, there is still not enough data and publications in the literature that
evaluated the minimally invasive local therapies such as TPCE and MWA for colorectal
lung metastases in different treatment intents.

For this reason, the current study focused on the efficacy of two locoregional treatments
of colorectal lung metastases with two different intentions. Group A received TPCE alone
as palliative therapy, and Group B was treated by TPCE to reduce the size and number of
metastases, and after that, MWA was performed in potentially curative setting.

The patients in Group A had initially a high mean metastatic count of 19. The patients
in Group B had an initially lower mean metastatic count of 6.6.

We found that these treatments for colorectal lung metastases provide good local
tumor control and satisfactory overall survival.

Survival of the patients with lung metastases could be prolonged by systemic chemother-
apy, but this therapy option is usually limited by some factors, including resistance to the drugs
administered among others [20].

Using isolated lung perfusion, a higher concentration of chemotherapeutic agents can be
reached in the tumor compared to intravenously administered systemic chemotherapy [14,21].
However, the procedure is very invasive, as it is usually performed via thoracotomy [22,23],
which represents a high physical burden for the patients.

TPCE shows some advantages over systemic chemotherapy and isolated lung perfusion.

By performing TPCE, a high localized concentration of anticancer drugs can be reached
in the tumor without relevant systemic side effects [14], which makes TPCE more well-
tolerated than systemic chemotherapy. The main benefit of TPCE over isolated lung
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perfusion is that it is less invasive and can be repeatedly performed by selective application
of the chemotherapeutic agents and embolization materials [14].

Even surgical resection of lung metastases is still the gold standard, which shows
very promising results (5-year survival rate up to 56%) [24], only about 30% of patients are
suitable for metastasectomy [25].

The are several published studies on thermal ablation of colorectal lung metastases,
which mainly focus on evaluation of the outcome of patients who underwent RFA [26-28]
or MWA [29-31].

Yamakado et al. [26] evaluated the RFA of colorectal lung metastases in 78 patients with
198 lesions on a long-term basis. They reported 1- and 3-year survival rates at 83.9% and
56.1%, respectively. The median survival time was 38 months. Our 1- and 3-year survival
rates were 87% and 31.1%, respectively, and the median survival time was 29 months in
Group B (TPCE and MWA).

There are few previous publications that investigated TPCE of primary [13] and
secondary lung tumors [15,32]. Vogl et al. [13] included 17 patients who had primary
tumors including adenocarcinoma, pleural mesothelioma, squamous cell carcinoma, small
cell carcinoma, and non-small cell carcinoma, and were treated by TPCE. Therapy response
was observed in 23.5% of the cases. The rates of SD and PD were 41.2% and 35.3%,
respectively. Our response in Group A (TPCE only) was noticeably lower at 2.7%. Our
rates of SD at 55.4% and PD at 41.9% were higher. The mean and median survival times
were 405.9 days and 394 days, respectively. Our current mean and median survival times
were longer.

Another study included 52 patients with 106 unresectable lung metastases, mainly
from colorectal carcinoma, breast cancer, renal cellular carcinoma, thyroid cancer, cholan-
giocellular carcinoma, and leiomyosarcoma, that underwent TPCE [32]. They reported a
mean survival time of 17 months and a median survival time 21.1 months. These survival
times are comparable with our results.

A total of 16 patients at a rate of 30.7% showed a response, which is higher than our
rate in the TPCE group of this study. A total of 13.5% (n = 7) of the patients achieved SD,
and 29 patients developed PD at a rate of 55.8%. Our rate of SD was higher and the rate of
PD was lower in the recent study.

Pulmonary metastases from HCC can be also treated by locoregional treatments [33,34].

Duan et al. [33] enrolled in their study a total of 52 HCC patients with lung metastases,
who were treated by sorafenib, transcatheter arterial chemoembolization, and bronchial
transarterial chemoinfusion. They reported a median overall survival time of 12 months.

Hori et al. [34] included 14 patients with mediastinal or pulmonary metastases from
hepatocellular carcinoma (HCC), who were treated with transarterial chemoembolization.
They reported a median survival time of 15 months, and 1-, 2-, and 3-year survival rates at
57.1%, 28.6%, and 19.1%, respectively. The subgroup analysis of survival showed 1-, 2-, and
3-year survival rates of 61.2%, 33.5%, and 17%, in Group A. These results are very similar
with our results in Group A.

This study had several limitations. The first limitation of this study was its retrospec-
tive design. Secondly, this study was performed at a single institution. Thirdly, the impact
of some factors, including the mutation status of colorectal cancer, which potentially has
an impact on the survival of the patients, were not considered. Fourthly, the real effect of
TPCE on OS remains unclear, as we did not include a control group without TPCE. Lastly,
important data and parameters, such as tumor marker, were not evaluated. Additionally,
the safety and possibly occurring complication were not investigated. A prospective study
that includes all important data as well as a control group to accurately investigate the
efficacy and safety of TPCE and MWA of colorectal lung metastases should be conducted.

5. Conclusions

We showed in this study, that TPCE and MWA are effective and suitable treatments for
unresectable and not to systemic chemotherapy-responding lung metastases from colorectal
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carcinoma. The patients that only underwent TPCE in palliative intent had satisfactory
survival and achieved good local tumor control.

TPCE can be also applied as a neoadjuvant procedure in combination with thermal
ablation such as MWA. The combination of TPCE and MWA was also effective in curative
therapeutic intent and provided a promising survival time.

The subgroup analysis did not show a significant difference in the overall survival
between patients with colon carcinoma and rectal carcinoma.

Author Contributions: Conceptualization, T.].V.; methodology, TJ.V., L.H. and H.A.; validation, T].V.,
L.H. and H.A; formal analysis, L.H. and H.A; investigation, T.J.V.,, L.H. and H.A.; data curation, L.H.;
writing—original draft preparation, T.J.V,, L.H. and H.A.; writing—review and editing, T.J.V., L.H.
and H.A; visualization, T.J.V., L.H. and H.A ; supervision, T.J.V. and H.A.; project administration,
T.J.V. and H.A. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee the Faculty of Medicine of Goethe University
Frankfurt (date of approval: 4 November 2021).

Informed Consent Statement: Informed consent for preforming the treatments was obtained from
the patients.

Data Availability Statement: Data is available on request from the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ferlay, ].; Steliarova-Foucher, E.; Lortet-Tieulent, ].; Rosso, S.; Coebergh, ] W.W.; Comber, H.; Forman, D.; Bray, F. Cancer incidence
and mortality patterns in Europe: Estimates for 40 countries in 2012. Eur. ]. Cancer 2013, 49, 1374-1403. [CrossRef] [PubMed]

2. Torre, L.A,; Siegel, R.L.; Ward, E.M.; Jemal, A. Global Cancer Incidence and Mortality Rates and Trends—An Update. Cancer
Epidemiol. Biomark. Prev. 2016, 25, 16-27. [CrossRef] [PubMed]

3. Villeneuve, PJ.; Sundaresan, R.S. Surgical management of colorectal lung metastasis. Clin. Colon Rectal Surg. 2009, 22, 233-241.
[CrossRef]

4.  Tselikas, L.; Garzelli, L.; Mercier, O.; Auperin, A.; Lamrani, L.; Deschamps, F.; Yevich, S.; Roux, C.; Mussot, S.; Delpla, A.; et al.
Radiofrequency ablation versus surgical resection for the treatment of oligometastatic lung disease. Diagn. Interv. Imaging 2021,
102, 19-26. [CrossRef] [PubMed]

5. Moorcraft, S.Y.; Ladas, G.; Bowcock, A.; Chau, I. Management of resectable colorectal lung metastases. Clin. Exp. Metastasis 2016,
33, 285-296. [CrossRef]

6. Van Cutsem, E.; Cervantes, A.; Adam, R.; Sobrero, A.; Van Krieken, ]. H.; Aderka, D.; Aguilar, E.A.; Bardelli, A.; Benson, A.;
Bodoky, G.; et al. ESMO consensus guidelines for the management of patients with metastatic colorectal cancer. Ann. Oncol. 2016,
27,1386-1422. [CrossRef]

7. Sjegren, K,; Jacobsen, K.A.; Grenberg, B.H.; Halvorsen, T.O. Timing of Severe Toxicity from Chemotherapy in Patients with Lung
Cancer. Anticancer Res. 2020, 40, 6399-6406. [CrossRef]

8.  Baciewicz, FA.; Arredondo, M.; Chaudhuri, B.; Crist, K.; Basilius, D.; Bandyopadhyah, S.; Thomford, N.; Chaudhuri, P.
Pharmacokinetics and toxicity of isolated perfusion of lung with doxorubicin. J. Surg. Res. 1991, 50, 124-128. [CrossRef]

9.  Haywood, N.; Byler, M.R.; Zhang, A.; Roeser, M.E.; Kron, L.L.; Laubach, V.E. Isolated Lung Perfusion in the Management of Acute
Respiratory Distress Syndrome. Int. J. Mol. Sci. 2020, 21, 6820. [CrossRef]

10. Beckers, P.AJ.; Versteegh, M.LM.; Van Brakel, T.].; Braun, J.; Van Putte, B.; Maat, A.P.; Vergauwen, W.; Rodrigus, I.; Hengst, W.D,;
Lardon, F; et al. Multicenter Phase II Clinical Trial of Isolated Lung Perfusion in Patients with Lung Metastases. Ann. Thorac.
Surg. 2019, 108, 167-174. [CrossRef]

11.  den Hengst, W.A.; Hendriks, J.M.; Balduyck, B.; Rodrigus, I.; Vermorken, J.B.; Lardon, F,; Versteegh, M.I; Braun, J.; Gelderblom,
H.; Schramel, EM.; et al. Phase II multicenter clinical trial of pulmonary metastasectomy and isolated lung perfusion with
melphalan in patients with resectable lung metastases. . Thorac. Oncol. 2014, 9, 1547-1553. [CrossRef] [PubMed]

12. Vogl, T.J.; Shafinaderi, M.; Zangos, S.; Lindemayr, S.; Vatankhah, K. Regional Chemotherapy of the Lung: Transpulmonary
Chemoembolization in Malignant Lung Tumors. Semin. Interv. Radiol. 2013, 30, 176-184. [CrossRef]

13. Vogl, TJ.; Herzog, C.; Zangos, S.; Lindemayr, S. Transpulmonale Chemoembolisation (TPCE) als palliatives Behandlungskonzept
bei primdren Lungentumoren. RoFo 2007, 179, 300-307. [CrossRef] [PubMed]

14. Lindemayr, S.; Lehnert, T.; Korkusuz, H.; Hammerstingl, R.; Vogl, T.J. Transpulmonary Chemoembolization: A Novel Approach

for the Treatment of Unresectable Lung Tumors. Tech. Vasc. Interv. Radiol. 2007, 10, 114-119. [CrossRef] [PubMed]


https://doi.org/10.1016/j.ejca.2012.12.027
https://www.ncbi.nlm.nih.gov/pubmed/23485231
https://doi.org/10.1158/1055-9965.EPI-15-0578
https://www.ncbi.nlm.nih.gov/pubmed/26667886
https://doi.org/10.1055/s-0029-1242463
https://doi.org/10.1016/j.diii.2020.09.006
https://www.ncbi.nlm.nih.gov/pubmed/33020025
https://doi.org/10.1007/s10585-015-9774-6
https://doi.org/10.1093/annonc/mdw235
https://doi.org/10.21873/anticanres.14661
https://doi.org/10.1016/0022-4804(91)90234-D
https://doi.org/10.3390/ijms21186820
https://doi.org/10.1016/j.athoracsur.2019.02.071
https://doi.org/10.1097/JTO.0000000000000279
https://www.ncbi.nlm.nih.gov/pubmed/25105436
https://doi.org/10.1055/s-0033-1342959
https://doi.org/10.1055/s-2007-962921
https://www.ncbi.nlm.nih.gov/pubmed/17325997
https://doi.org/10.1053/j.tvir.2007.09.010
https://www.ncbi.nlm.nih.gov/pubmed/18070689

J. Clin. Med. 2023, 12, 3394 10 of 10

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Vogl, T.J.; Mekkawy, A.LA.; Thabet, D.B.; El-Sharkaway, M.; Kamel, HM.; Albrecht, M.H.; Naguib, N.N.N.; Hassan, A.
Transvenous pulmonary chemoembolization (TPCE) for palliative or neoadjuvant treatment of lung metastases. Eur. Radiol. 2019,
29, 1939-1949. [CrossRef] [PubMed]

Smith, S.L.; Jennings, PE. Lung radiofrequency and microwave ablation: A review of indications, techniques and post-procedural
imaging appearances. Br. |. Radiol. 2015, 88, 20140598. [CrossRef]

Eisenhauer, E.A; Therasse, P; Bogaerts, J.; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.; et al.
New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228-247. [CrossRef]
Zuo, T,; Lin, W,; Liu, E; Xu, J. Artificial pneumothorax improves radiofrequency ablation of pulmonary metastases of hepatocellu-
lar carcinoma close to mediastinum. BMC Cancer 2021, 21, 505. [CrossRef]

Vera, R.; Gonzélez-Flores, E.; Rubio, C.; Urbano, J.; Camps, M.V.; Ciampi-Dopazo, ].J.; Rincén, J.O.; Macias, V.M.; Braco, M.A.G;
Suarez-Artacho, G. Multidisciplinary management of liver metastases in patients with colorectal cancer: A consensus of SEOM,
AEC, SEOR, SERVEI, and SEMNIM. Clin. Transl. Oncol. 2020, 22, 647-662. [CrossRef]

Qi, H.; Fan, W. Value of ablation therapy in the treatment of lung metastases. Thorac. Cancer 2018, 9, 199-207. [CrossRef]

Van Putte, B.P.; Hendriks, ].M.; Romijn, S.; Van Schil, P.E. Isolated lung perfusion for the treatment of pulmonary metastases
current mini-review of work in progress. Surg. Oncol. 2003, 12, 187-193. [CrossRef] [PubMed]

dos Santos, P.R.; Iskender, I.; Machuca, T.; Hwang, D.; Deperrot, M.; Liu, M.; Keshavjee, S.; Waddell, T.K.; Cypel, M. Modified
in vivo lung perfusion allows for prolonged perfusion without acute lung injury. J. Thorac. Cardiovasc. Surg. 2014, 147, 774-782.
[CrossRef] [PubMed]

Burt, M.E,; Liu, D.; Abolhoda, A.; Ross, HM.; Kaneda, Y.; Jara, E.; Casper, E.S.; Ginsberg, R.J.; Brennan, M.F. Isolated lung
perfusion for patients with unresectable metastases from sarcoma: A phase I trial. Ann. Thorac. Surg. 2000, 69, 1542-1549.
[CrossRef]

Pfannschmidt, J.; Dienemann, H.; Hoffmann, H. Surgical resection of pulmonary metastases from colorectal cancer: A systematic
review of published series. Ann. Thorac. Surg. 2007, 84, 324-338. [CrossRef] [PubMed]

Schneider, P.; Kampfer, S.; Loddenkemper, C.; Foitzik, T.; Buhr, H.J. Chemoembolization of the lung improves tumor control in a
rat model. Clin. Cancer Res. 2002, 8, 2463-2468.

Yamakado, K.; Inoue, Y.; Takao, M.; Takaki, H.; Nakatsuka, A.; Uraki, J.; Kashima, M.; Kusunoki, M.; Shimpo, H.; Takeda, K.
Long-term results of radiofrequency ablation in colorectal lung metastases: Single center experience. Oncol. Rep. 2009, 22, 885-891.
[CrossRef]

Matsui, Y.; Hiraki, T.; Gobara, H.; Iguchi, T.; Fujiwara, H.; Nagasaka, T.; Toyooka, S.; Kanazawa, S. Long-term survival following
percutaneous radiofrequency ablation of colorectal lung metastases. J. Vasc. Interv. Radiol. 2015, 26, 303-311. [CrossRef]
Ferguson, J.; Alzahrani, N.; Zhao, J.; Glenn, D.; Power, M.; Liauw, W.; Morris, D. Long term results of RFA to lung metastases
from colorectal cancer in 157 patients. Eur. J. Surg. Oncol. 2015, 41, 690-695. [CrossRef]

Kurilova, I.; Gonzalez-Aguirre, A.; Beets-Tan, R.G.; Erinjeri, J.; Petre, E.N.; Gonen, M.; Bains, M.; Kemeny, N.E.; Solomon, S.B.;
Sofocleous, C.T. Microwave Ablation in the Management of Colorectal Cancer Pulmonary Metastases. Cardiovasc. Interv. Radiol.
2018, 41, 1530-1544. [CrossRef]

Vogl, T.J.; Naguib, N.N.; Gruber-Rouh, T.; Koitka, K.; Lehnert, T.; Nour-Eldin, N.E. Microwave ablation therapy: Clinical utility in
treatment of pulmonary metastases. Radiology 2011, 261, 643-651. [CrossRef]

Han, Y;; Yan, X.; Zhi, W,; Liu, Y.; Xu, F; Yan, D. Long-term outcome following microwave ablation of lung metastases from
colorectal cancer. Front. Oncol. 2022, 12, 943715. [CrossRef] [PubMed]

Vogl, T].; Lehnert, T.; Zangos, S.; Eichler, K.; Hammerstingl, R.; Korkusuz, H.; Lindemayr, S. Transpulmonary chemoembolization
(TPCE) as a treatment for unresectable lung metastases. Eur. Radiol. 2008, 18, 2449-2455. [CrossRef] [PubMed]

Duan, F; Wang, M.Q.; Liu, EY.; Wang, Z.].; Song, P.; Wang, Y. Sorafenib in combination with transarterial chemoembolization and
bronchial arterial chemoinfusion in the treatment of hepatocellular carcinoma with pulmonary metastasis. Asia Pac. J. Clin. Oncol.
2012, 8, 156-163. [CrossRef] [PubMed]

Hori, A.; Ohira, R.; Nakamura, T.; Kimura, Y.; Ueda, S.; Torii, M.; Kennoki, N.; Hori, S. Transarterial chemoembolization for
pulmonary or mediastinal metastases from hepatocellular carcinoma. Br. J. Radiol. 2020, 93, 20190407. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s00330-018-5757-8
https://www.ncbi.nlm.nih.gov/pubmed/30338364
https://doi.org/10.1259/bjr.20140598
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1186/s12885-021-08223-7
https://doi.org/10.1007/s12094-019-02182-z
https://doi.org/10.1111/1759-7714.12567
https://doi.org/10.1016/S0960-7404(03)00039-2
https://www.ncbi.nlm.nih.gov/pubmed/12957622
https://doi.org/10.1016/j.jtcvs.2013.10.009
https://www.ncbi.nlm.nih.gov/pubmed/24290703
https://doi.org/10.1016/S0003-4975(00)01131-0
https://doi.org/10.1016/j.athoracsur.2007.02.093
https://www.ncbi.nlm.nih.gov/pubmed/17588454
https://doi.org/10.3892/or_00000513
https://doi.org/10.1016/j.jvir.2014.11.013
https://doi.org/10.1016/j.ejso.2015.01.024
https://doi.org/10.1007/s00270-018-2000-6
https://doi.org/10.1148/radiol.11101643
https://doi.org/10.3389/fonc.2022.943715
https://www.ncbi.nlm.nih.gov/pubmed/35936731
https://doi.org/10.1007/s00330-008-1056-0
https://www.ncbi.nlm.nih.gov/pubmed/18553086
https://doi.org/10.1111/j.1743-7563.2012.01542.x
https://www.ncbi.nlm.nih.gov/pubmed/22524574
https://doi.org/10.1259/bjr.20190407
https://www.ncbi.nlm.nih.gov/pubmed/32142364

	Introduction 
	Materials and Methods 
	Ethical Approval 
	Patients 
	Palliative Group (Group A) 
	Potentially Curative Group (Group B) 
	Inclusion and Exclusion Criteria 
	TPCE Procedure 
	MWA Procedure 
	Follow-Up 
	Data Analysis 
	Statistical Analysis 

	Results 
	Measurements of Metastases and Ablation Area 
	Therapy Response 
	Overall Survival 

	Discussion 
	Conclusions 
	References

