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Background

The role of cytoreductive surgery combined with hyperthermic intrathoracic chemotherapy (CRS+HITOC) for patients with secondary pleural metastases has scarcely been investigated.





Patients and Methods

We conducted a retrospective, multicentre study investigating the outcome of CRS+HITOC for 31 patients with pleural metastases from different primary tumours in four high-volume departments of thoracic surgery in Germany. The primary endpoint was overall survival (OS). Secondary endpoints included postoperative complications and recurrence/progression-free survival (RFS/PFS).





Results

The primary tumour was non-small cell lung cancer in 12 (39%), ovarian cancer in 5 (16%), sarcoma in 3 (10%), pseudomyxoma peritonei in 3 (10%), and others in 8 (26%) patients. A macroscopic complete resection (R/1) could be achieved in 28 (90%) patients. Major postoperative complications as classified by Clavien-Dindo (III-V) were observed in 11 (35%) patients. The postoperative mortality rate was 10% (n=3). A total of 13 patients received additive chemotherapy (42%). The median time of follow up was 30 months (95% CI = 17– 43). The median OS was 39 months (95% CI: 34-44 months) with 1-month, 3-month, 1-, 3-, and 5-year survival estimates of 97%, 89%, 77%, 66%, and 41%. There was a significantly prolonged OS in patients who received additive chemotherapy compared to patients with only CRS+HITOC (median OS 69 vs 38 months; p= 0.048). The median RFS was 14 months (95% CI: 7-21 months).





Conclusions

We observed that CRS+HITOC is a feasible approach with reasonable complications and prolonged survival as a part of multimodal concept for highly selected patients with secondary pleural metastases.
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1 Introduction

For many tumours, development of synchronous or metachronous metastases correlates with poor survival (1). This is particularly true in the case of secondary pleural metastases, where local therapy options are significantly limited and only palliative treatment concepts in the sense of systemic chemotherapy or best supportive care can be offered. Either pleurodesis or an indwelling permanent pleural catheter can be performed to control the usually present malignant pleural effusion and to reduce effusion-related symptoms (2). A multimodal treatment approach combining systemic therapies with local therapies might lead to the best outcome for selected patients (3). However, in view of the advanced stage and the consequent palliative situation, it is important to identify suitable patients for multimodal therapy and to determine the best possible local pleural treatment. Additional intracavitary therapy like using hyperthermic intrathoracic chemotherapy (HITOC) after cytoreductive surgery (CRS) has been shown to be a feasible and safe treatment approach for patients with pleural malignancies, especially for malignant pleural mesothelioma or thymic tumours with pleural spread (4, 5). The combination of CRS and HITOC within the multimodal treatment of patients with secondary pleural metastases of other primary tumours has been evaluated only in few studies so far and included in particular pleural spread of lung cancer, ovarian cancer and pseudomyxoma (6–9). The aim of CRS before HITOC is to achieve macroscopic complete tumour resection (MCR) (10). The residual tumour cells are then treated with hyperthermic chemotherapeutical agents to improve local tumour control and to delay tumour recurrence with at best prolonged survival rates (11). Despite high concentrations of chemotherapeutic agents in the thoracic cavity, systemic side effects are fewer than during systemic treatment due to reduced intrathoracic absorption of the chemotherapy (12). Objective of this study was to investigate the feasibility and the outcome of radical local surgery including intracavitary chemotherapy in patients with secondary pleural metastases. Therefore, a selected and heterogenous subgroup of patients from the German HITOC-Study who underwent CRS+HITOC were analysed.




2 Patients and methods



2.1 Study design

In this retrospective multicentre study, clinical outcomes of patients with secondary pleural metastases after radical local surgery including intracavitary chemotherapy were analysed. Four high-volume departments of thoracic surgery in Germany collected data in the “German HITOC-Study” funded by the Deutsche Forschungsgemeinschaft – DFG, German Research Association (DFG, RI2905/3-1). The study group has already published first results about HITOC after CRS for pleural malignancies in general and for thymic tumours with pleural spread (5, 13, 14). Now, the focus will be on secondary pleural metastases and its surgical treatment combined with HITOC. The trial is registered in the German Registry of Clinical Studies (DRKS-ID: DRKS00015012). The approval of the ethics committee of the University of Regensburg (reference number: 18-1119-104) and of the ethics committees of the respective participating centres were obtained. All patients underwent elective CRS+HITOC within one surgery and in one of the four participating departments for thoracic surgery between January 2008 and December 2019 (13). The existing database was supplemented by an additional collection of clinical and follow-up data, which were updated until November 2021.




2.2 Definitions of variables and data collection

This subanalysis included all patients of the complete study sample (n= 350) with secondary pleural metastases (n= 31). Additive chemotherapy was defined as either induction chemotherapy and/or adjuvant chemotherapy. Postoperative complications were documented according to the Clavien-Dindo classification (15). The beginning of primary therapy was defined as date of CRS+HITOC if no induction chemotherapy was applied, or if induction chemotherapy was applied, as the date of first application of induction chemotherapy.




2.3 Endpoints

Primary endpoint of the study was Overall survival (OS) after CRS+HITOC. Secondary endpoints included postoperative morbidity/mortality and Recurrence and progression-free survival (RFS/PFS). OS was defined as time from beginning of the primary therapy until death from any cause. Recurrence and progression were defined as documented intrathoracic, ipsilateral and/or contralateral tumour detection by cytology/histology and/or imaging. RFS/PFS was defined as time from beginning of the primary therapy until first objective tumour recurrence/progression or death from any cause, which ever occurred first.




2.4 Statistical analysis

Descriptive analyses were done for demographic and baseline characteristics using frequency (n), percentage (%), mean (m), standard deviation (SD), median (med) and interquartile range (IQR). Median follow-up time was calculated using the reversed Kaplan-Meier method. OS and RFS/PFS were analysed by the Kaplan-Meier estimator. In univariable analyses (Log-Rank tests), OS and PFS/RFS were compared between cisplatin dosage (low dose ≤ 125 mg/m² BSA; high dose > 125 mg/m² BSA), chemotherapeutical agent (cisplatin alone vs cisplatin+doxorubicin), resection status, and additive chemotherapy. The estimates for the probability of surviving were presented graphically in Kaplan-Meier survival curves as well as for the specific time points: 1-month, 3-month, 1-year, 3-year, and 5-year survival rate. Moreover, the median survival time with 95% CI were presented when possible. All statistical analyses were conducted using the software package SPSS (version 26 or higher).





3 Results



3.1 Patient characteristics

Of the 31 included patients the mean age at the time of surgery was 50.3 ± 14.8 years. The primary pathology was non-small cell lung cancer (NSCLC) in 12 (39%), ovarian cancer in five (16%), sarcoma in three (10%), pseudomyxoma peritonei in three (10%), and others in eight (26%) patients. Pleural metastases were diagnosed with thoracoscopy and pleural biopsy in 18 (58%) patients (Table 1).


Table 1 | Patient characteristics.






3.2 Operative and systemic treatments

All operations were done with a thoracotomy. Pleurectomy and decortication (P/D) was performed in five (16%), extended pleurectomy and decortication (eP/D) in 25 (81%), and extrapleural pneumonectomy (EPP) in one (3%) patient. Extended resections included additional chest wall resection in seven (23%) and anatomical lung resection in eight (26%) patients when appropriate due to tumour infiltration. A MCR (R0/1) could be achieved in 28 (90%) patients. HITOC with cisplatin only was performed in 22 (71%) and in combination with doxorubicin in nine (29%) patients. The median duration of surgery was 350.6 ± 71.6 minutes. There was no HITOC associated intraoperative complication. Additive chemotherapy was conducted in 13 patients (42%), which included neoadjuvant and/or adjuvant chemotherapy. Table 2 summarizes operative data and treatment details.


Table 2 | Operative data and treatment details.






3.3 Postoperative course and complications

Major postoperative complications as classified by Clavien-Dindo (III-V) were observed in eleven patients (35%; Table 3). In total, six patients (19%) required surgical revision in consequence of hemothorax, chylothorax, pleural empyema, or prolonged air leak. Postoperative acute renal failure was observed in four patients (13%). Only one patient required postoperative dialysis. The postoperative mortality rate was 10% (n=3). The median ICU length of stay was two days (IQR: 1-4) and the median hospital length of stay was 15 days (IQR: 11 to 28).


Table 3 | Postoperative complications.






3.4 Survival analysis

Due to missing data, one patient had to be excluded from the survival analysis (Table 4). The median time of follow up was 30 months (95% CI = 17– 43, n = 30). The median OS was 39 months (95% CI: 34-44) with 1-month, 3-month, 1-, 3-, and 5-year survival estimates of 97%, 89%, 77%, 66%, and 41% (Figure 1A). Adding doxorubicin to cisplatin for HITOC was not associated with improved OS (p= 0.774, Figure 2A). The use of high dose cisplatin did not lead to prolonged OS compared to low dose cisplatin (p= 0.551; Figure 2B). The median OS improved significantly in patients who received additive chemotherapy compared to patients with only CRS+HITOC (median OS 69 vs 38 months; p= 0.048, n = 28; Figure 3A). Macroscopic incomplete resection (R2) was performed only in two (6%) patients and was associated with significantly decreased OS compared to 28 patients who had macroscopic complete resection (R0/1) (median OS 3 vs 41 months, p= 0.023). No evidence of disease recurrence or progress was documented in 18 patients (58%). Locoregional recurrence was observed in five (16%) and distant metastases in five (16%) patients. Due to missing data about tumour recurrence/progression status and date of start of primary therapy, four patients were excluded from analyses. The median RFS/PFS for the included patients (n= 27) was 14 months (95% CI: 7-21 months; Figure 1B). The use of high dose cisplatin or adding doxorubicin to cisplatin was not associated with improved RFS/PFS (p values > 0.050; Figures 2C, D). Patients who received additive chemotherapy showed an advantage in RFS/PFS compared to only CRS+HITOC (36 vs 12 months; p= 0.023; Figure 3B). Macroscopic incomplete resection (R2) was performed only in one patient and was associated with significantly decreased RFS/PFS compared to 26 patients who had macroscopic complete resection (R0/1) (median OS 3 vs 41 months, p= 0.064). A subgroup analysis of twelve patients with pleural metastasis of lung carcinoma (stage IV) showed a 3- month, 1-year and 3-year OS of 100%, 80% and 80%, Median PFS/RFS was 30 months (95% CI= 0-71) with estimated survival times at 3-month, 1-year and 3-year of 100%, 60% and 30%.


Table 4 | Kaplan-Meier analysis of overall survival (OS) and recurrence/progression-free survival (RFS/PFS).






Figure 1 | Overall Survival and recurrence/progression-free survival. (A) Kaplan-Meier survival analysis of overall survival (OS). The median OS was 39 months (95% CI: 34-44 months). The 1-month, 3-month, 1-, 3-, and 5-year survival estimates were 97%, 89%, 77%, 66%, and 41%. Survival time was truncated at 60 months after beginning of the primary therapy. One patient died 69 months after beginning of the primary therapy. (B) Kaplan-Meier survival analysis of recurrence/progression-free survival (RFS/PFS). The median RFS/PFS was 14 months (CI 95%: 6.9-21.1 months). The 1-month, 3-month, 1-, and 3-year survival estimates of 96%, 81%, 55%, and 21%.






Figure 2 | Impact of chemotherapeutic regime on the overall and recurrence/progression-free survival. (A) Comparison of overall survival (OS) between chemotherapeutical agent. OS did not differ between patients receiving cisplatin alone (n = 22) and cisplatin and doxorubicin (n= 8) (p=0.774). Survival time was truncated at 60 months after beginning of the primary therapy. One patient with cisplatin alone died 69 months after beginning of the primary therapy. (B) Comparison of overall survival (OS) between cisplatin dosage. OS did not differ between patients receiving low dose cisplatin (n = 13) and high dose cisplatin (n=17) (p=0.551). Survival time was truncated at 60 months after beginning of the primary therapy. One patient with low cisplatin dosage died 69 months after beginning of the primary therapy. (C) Comparison of recurrence/progression-free survival (RFS/PFS) between chemotherapeutical agent. RFS/PFS did not differ between patients receiving cisplatin alone (n = 21) and cisplatin and doxorubicin (n= 6) (p=0.761). (D) Comparison of recurrence/progression-free survival (RFS/PFS) between cisplatin dosage. RFS/PFS did not differ between patients receiving low dose cisplatin (n = 12) and high dose cisplatin (n= 15) (p=0.465).






Figure 3 | Impact of additive chemotherapy on the overall and recurrence/progression-free survival. (A) Overall survival (OS) was improved in patients receiving additive chemotherapy (n = 12, med = 69 months, 95% CI = NA) compared to patients without additive chemotherapy (n= 16, med = 38 months, 95% CI = 9, 67) (p=0.048). Survival time was truncated at 60 months after beginning of the primary therapy. One patient with additive chemotherapy died 69 months after beginning of the primary therapy. (B) Recurrence/progression-free survival (RFS/PFS) was improved in patients receiving additive chemotherapy (n = 12, med = 36 months, 95% CI = 0, 77) compared to patients without additive chemotherapy (n= 15, med = 12 months, 95% CI = 0, 25) (p=0.023).







4 Discussion

Despite advances in systemic therapy for metastatic cancers, the prognosis of secondary pleural metastases remains poor with median survival times from four to nine months (16–19). The main finding of our study was a prolonged survival in selected patients with secondary pleural metastases after CRS+HITOC as a part of multimodal treatment approach with median overall survival of 39 months and median RFS/PFS of 14 months. Retrospective studies showed an encouraging survival of patients with pleural mesothelioma or thymus tumours with pleural involvement, who underwent a multimodal treatment approach including local interventions with CRS+HITOC (5, 11, 20). However, there is paucity of studies investigating the outcome of CRS+HITOC in patients with secondary pleural metastases as a part of multimodal concept. Therefore, the role of local interventions is still limited to reduce the symptoms of pleura effusions with an indwelling pleural catheter or pleurodesis (2, 17). CRS+HITOC can be performed after interdisciplinary discussion in the context of a multimodal approach in highly selected patients with an adequate general condition. Previous analyses confirmed the feasibility and safety of this combined surgical approach (14). Our sub-analysis also showed a reasonable major postoperative complication rate of 35% and a postoperative in-hospital mortality of 10%. We could not retrospectively provide the cause of postoperative mortality in the three patients. In addition to clinical (tumour stage, thoracic tumour spread) and functional parameters (above all ECOG), the decision on this radical procedure should also depend in particular on the histology of the primary tumour. We recommend a complete staging including mediastinal staging and PET-CT, however we could not retrospectively provide this data. Our study population included pleural metastases of various histological entities as mentioned above, but 12 patients (39%) in our study underwent CRS+HITOC for pleural metastases secondary to non-small cell lung cancer with encouraging survival rates of 80% OS after 3 years. Shigemura et al. showed a mean survival of 19 months in five patients with lung cancer and pleural metastases after a 2-step approach consisting of thoracoscopic intrathoracic chemotherapy followed by radical cytoreductive surgery in the form of an EPP (8). In our cohort, lung-sparing eP/D was the most performed technique of CRS (80.6%) and only one patient underwent EPP. EPP should be avoided when possible due to the high risk of early and late postoperative complications (21). However we could not investigate this factor as only one patient underwent EPP in our study.

In a systematic review investigating 21 patients who received CRS+HITOC for lung cancer with pleural metastases from four retrospective studies, the median survival was 18 months, which represents an encouraging result compared to the poor prognosis known in the literature with median survival of only 4 months (7, 22–24). However, these results should be cautiously interpreted due to the limited number of included patients. A previous study showed that about 60% of patients with pleural metastases are secondary to extra thoracic malignancies, with breast cancer as the most common primary with incidence about 25% followed by lymphoma (10%), ovarian cancer (5%), and intraabdominal malignancies (5%) (18). The complete surgical cytoreduction of metastatic ovarian cancer in the abdominal cavity was shown to be an independent prognostic factor, however the role of CRS in thoracic cavity has scarcely been reported (25, 26). Boerner et al. showed a promising survival in patients with ovarian cancer with pleural metastases after combined abdominal and thoracic CRS (27). The use of HITOC without CRS showed to be helpful for relieving the symptoms of pleural effusion in patients with metastatic ovarian cancer (28). Nikiforchin et al. showed promising results of CRS+HITOC for pleural metastases of peritoneal surface malignancies with 1-, 3-, and 5-year OS of 93%, 68%, and 68% with a median follow up of 22 months. The CRS+HITOC was performed either as a separate procedure via thoracotomy or as a part of the CRS+HIPEC through the diaphragm. The major postoperative complication rate was 20% for the combined CRS+HIPEC/HITOC and 13% for CRS+HITOC. In our study we reported a major postoperative complication rate of 35%. The higher incidence of major postoperative complication in our cohort may be associated to the extended resections including anatomical lung resections (26%) and chest wall resections (23%) which were not performed in the study of Nikiforchin et al. (3). For the various histological entities apart from non-small cell lung cancer in this study population, we were not able to perform any meaningful survival analyses due to the different entities with correspondingly low case numbers, so that studies with larger cohorts must be awaited here. Unfortunately, this is difficult to implement due to the specific indications (3). Likewise, clear recommendations for the selection of the intrathoracic chemotherapeutic agent and its dosage are still lacking. So far, only the data on HITOC in MPM and pleural metastatic thymic tumours can be used as a guide (9). To date, the most commonly used substances are cisplatin, doxorubicin and mitomycin C (9). Sugarbaker et al. showed a persistent high intrapleural concentration of doxorubicin and mitomycin C for patients undergoing HITOC and provided a pharmacological rationale for HITOC (12). We observed no advantage in the OS or RFS/PFS using high dose of cisplatin or adding doxorubicin. Based on our results, a decisive criterion for the preoperative indication seems to be the possibility of macroscopic complete resection. The impact of the resection status after CRS+HITOC for secondary pleural metastases were mostly not even investigated. Our results indicate that macroscopic complete resection could lead to a prolonged OS and RFS/PFS. These results reveal the importance of a careful selection of patients who might profit from CRS+HITOC. However, these findings should be interpreted with caution as this analysis included a very limited number of patients with macroscopic incomplete resection (two patients for OS and only one patient for RFS/PFS). Pleural metastases are usually a sign of systemic disease with poor prognosis. However, there is a trend of improvement of the survival in patients with pleural metastases comparing earlier with most recent studies, which could reflect the evolution of systemic treatment options (29, 30). Our results also support this assumption, as patients who received additive chemotherapy showed a significantly prolonged survival compared to patient who underwent only local therapy with CRS+HITOC. Furthermore, the CRS+HITOC in our study was an individual concept as a part of multimodal treatment in selected patients without evidence of others metastases. We recommend that all patients should be discussed preoperatively in an interdisciplinary tumour board, which should recommend this treatment on a case-by-case basis.




5 Limitations

The major limitations of our study were the retrospective nature, the absence of a comparative group and the heterogeneity of included patients. Retrospectively, we could not comprehend why some patients in our study did not receive any additional systemic chemotherapy for secondary pleural metastases. Another aspect which should be considered is the limited number of patients who underwent CRS+HITOC for secondary pleural metastases in four high volume departments for thoracic surgery in Germany over eleven years. This might reflect the high selection of patients and cannot lead to a definitive conclusion regarding the role of CRS+HITOC as a part of treatment of this condition. However, we present one of the largest series of patients who underwent this local, intracavitary treatment approach for pleural metastases which may help for better selection of patients until further studies are available.




6 Conclusions

CRS+HITOC for secondary pleural metastases is feasible and associated with reasonable postoperative morbidity and mortality. We were able to observe a prolonged survival in highly selected patients with secondary pleural metastases after CRS+HITOC as a part of a multimodality treatment concept, especially in patients with stage IV lung carcinoma. In our view, a strict indication for this surgical procedure is required, which should especially take into account the chance for MCR and the possibility of additive systemic therapy.
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