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Harnessing the Hippocratic Fire: The Role and Comprehensive Consolidation of HITHOC in Pleural Malignancy Management



Abstract
Hyperthermic intrathoracic chemotherapy (HITHOC) has emerged as a significant multimodal therapeutic adjunct for the management of aggressive pleural malignancies, primarily malignant pleural mesothelioma and stage IVA thymoma. By combining surgical cytoreduction with the local administration of heated chemotherapeutic agents, HITHOC aims to eliminate microscopic residual disease while minimizing systemic toxicity. A comprehensive Boolean search was conducted using PubMed/Medline, Google Scholar, Embase and Scopus to identify relevant studies on the use of HITHOC for pleural malignancies. Findings were summarised regarding HITHOC’s biological rationale, applications, integration with surgery and methodological challenges. While large retrospective analyses suggest meaningful improvements in overall survival and locoregional control, the technique is currently characterized by a high degree of protocol heterogeneity across global centers. This review synthesizes current evidence on the biological rationale, clinical outcomes across various histologies, safety profiles, and the methodological barriers that must be addressed for the formal consolidation of HITHOC into international treatment guidelines.
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1. Introduction: The Evolution of Intracavitary Therapy
Pleural malignancy can be of primary pleural origin, like mesothelioma or secondary to pleural metastasis [1]. Irrespective of the origin, the management of pleural malignancies represents a formidable challenge in thoracic oncology due to the aggressive nature of these diseases and their historically poor prognoses [2-4]. Often in these scenarios, surgery is not sought as a significant treatment modality, and reliance is more towards systemic therapies [5-7]. The concept of treating such malignancies through the local instillation of chemotherapy dates back to 1955, when Bateman et al. described the use of triethylene thiophosphoramide for managing recurrent neoplastic effusions in the pleural, peritoneal, and pericardial spaces. This early work established that intracavitary administration allows for drug concentrations substantially higher than those achievable systemically, leading to superior local tumor control without early clinical toxicity [8].
A major breakthrough in this context has been the utilization of hyperthermic intraperitoneal chemotherapy (HIPEC) [9-11]. It was first described by Spratt in 1980 as a "thermal transfusion infiltration system" and was tested on canine models for metastatic abdominal cancers [12]. The successful integration of HIPEC into multimodal strategies for primary and secondary peritoneal tumors paved the way for its adaptation to the thoracic cavity starting in the late 1990s. The modern technical framework for HITHOC, is derived from HIPEC [13]. HITHOC is defined as an intraoperative and topical administration of chemotherapeutic drugs with simultaneous warming of the thoracic cavity, typically performed immediately following cytoreductive surgery (CRS) [14,15]. Its primary goal is to target residual tumor cells on the pleural surface, thereby enhancing the local efficacy of surgical treatment where a radical R0 resection is often unattainable due to the laminar growth patterns of pleural tumors [16-18].[image: ]
Figure 1. Workflow of HITHOC

2. Methodology
A Boolean search was conducted in PubMed/Medline, Google Scholar, Embase and Scopus databases using the keywords “Hyperthermic intrathoracic chemotherapy (HITHOC)”, “Malignant pleural mesothelioma (MPM)”, “Cytoreductive surgery (CRS)”, “Stage IVA thymoma”, and “Malignant pleural effusion (MPE)”. Two independent authors assessed and extracted the data. All English language articles, including original full-length articles, meta-analyses, review articles and case reports were included. Preprints and any articles without details on application of HITHOC in pleural cancers were excluded. There was no restriction based on the year. Some studies were excluded because the same group of authors used identical patient datasets in newer studies. All studies were reviewed, and findings were summarised.

3. Biological Rationale and Thermal Synergy
The therapeutic efficacy of HITHOC is rooted in a clear biological synergy between heat and cytotoxic agents [19]. Preclinical evidence indicates that malignant cells are selectively thermosensitive, undergoing apoptosis at temperatures between 41°C and 43°C, whereas healthy cells remain largely unaffected within this range [20,21]. Hyperthermia induces protein denaturation, inhibits RNA and DNA synthesis, promotes mitosis arrest, and increases reactive oxygen species (ROS) production [22].
Furthermore, heat increases cellular membrane permeability and modifies cell metabolism, which enhances the penetration and cytotoxicity of chemotherapeutic agents, most notably cisplatin [23]. Experimental studies have shown that combining cisplatin with hyperthermia at 42°C can result in a maximum penetration depth of 3.0 to 7.5 mm into pleural and lung tissues, particularly after decortication [24,25]. This depth is consistent with the goal of eradicating microscopic disease not amenable to further mechanical resection.
A major advantage of HITHOC is its favorable pharmacokinetic profile. The peritoneal-plasma barrier and, its thoracic equivalent, limits the systemic absorption of drugs administered into the cavity. Serum cisplatin levels typically remain below 2% of the administered dose, with peaks occurring roughly 60 minutes after the procedure. This allows for the local application of high drug concentrations, often 55 to 58 times greater than detected in serum, while significantly reducing the risks of systemic nephrotoxicity and myelosuppression [13,14].

4. Surgical Integration and Patient Selection
HITHOC is rarely utilized as a standalone therapy, rather, it is part of a synergy-based single-stage multimodality treatment. The current surgical trend favors pleurectomy and decortication (P/D) or extended pleurectomy and decortication (EPD) over the more radical extrapleural pneumonectomy (EPP) [26,27]. EPP plus HITHOC has demonstrated poor early and long-term results and is associated with a high risk of acute kidney injury (AKI) [15,28]. Conversely, P/D allows for lung and diaphragm preservation, which improves post-operative quality of life and allows patients to tolerate subsequent adjuvant therapies.
The primary targets for HITHOC include - malignant pleural mesothelioma (MPM), stage IVA thymic tumors and pleural recurrences, advanced non-small cell lung cancer (NSCLC) with malignant pleural effusion (MPE) and secondary pleural metastases from extrathoracic primaries such as breast, ovarian, and colorectal cancers [29].
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Figure 2. Primary targets of HITHOC

Patient selection is critical for procedural success. Recommended indicators include good functional and performance status, absence of significant renal comorbidities, and disease strictly confined to the ipsilateral hemithorax as confirmed by CT and PET scans [14,15].

5. HITHOC in Malignant Pleural Mesothelioma
MPM remains the most common application for HITHOC. Despite its aggressive behavior and median survival typically under 12 months, multimodal approaches including HITHOC have shown promising incremental benefits.
The largest retrospective analysis to date, involving over 3,200 MPM patients, demonstrated that the addition of HITHOC was associated with improved overall survival (OS) (HR = 0.80, p = 0.002). This advantage was even more pronounced after propensity-score matching (HR = 0.73, p = 0.001) [30]. Various institutional series report median OS ranging from 11 to 75 months, which is superior to surgical treatment alone. Furthermore, HITHOC significantly extends the recurrence-free interval in MPM patients.

Table 1. Clinical Evidence for HITHOC in Malignant Pleural Mesothelioma
	Study 
	Patients (n)
	Surgical Procedure
	HITHOC Protocol 
	Median OS
	Recurrence/Disease-Free Interval (RFI/DFI)

	Rusch et al. (1994) [31]
	28
	P/D
	Cisplatin (100 mg/m²) + Mitomycin (8 mg/m²); Ambient temp
	17 months
	Not specified

	Yellin et al. (2001) [32]
	7
	EPP, P/D
	Cisplatin (150–200 mg); 40.8°C; 60 min
	26 months
	Not specified

	Monneuse et al. (2003) [33]
	17
	EPP, P/D, Wedge
	Cisplatin + Mitomycin C
	18 months
	Not specified

	Richards et al. (2006) [34]
	44
	EPD
	Cisplatin (50–250 mg/m²); 42°C; 60 min
	9 months (18 months for high dose)
	7.2 months

	van Sandick et al. (2008) [35]
	20
	EPP, P/D
	Cisplatin
	11 months
	9 months

	Tilleman et al. (2009) [36]
	92
	EPP
	Cisplatin (225 mg/m²) + Amifostine; 42°C; 60 min
	12.8–13.1 months
	15.3 months

	Zellos et al. (2009) [37]
	29
	EPP
	Cisplatin + Amifostine; 42°C; 60 min
	17 months
	16 months

	Sugarbaker et al. (2013) [38]
	72
	EPP, PD
	Cisplatin (175–225 mg/m²); 42°C; 60 min
	35.3 months
	27.1 months

	Ishibashi et al. (2015) [39]
	4
	P/D
	Cisplatin
	17.2 months
	12.5 months

	Migliore et al. (2015) [40]
	6
	P/D, Wedge, EPD
	Cisplatin
	21.5 months
	Not specified

	Ambrogi et al. (2018) [41]
	49
	P/D, Wedge
	Cisplatin (80 mg/m²) + Epirubicin (25 mg/m²); 42.5°C; 60 min
	22 months
	Not specified

	Burt et al. (2018) [42]
	104
	EPP, P/D, Debulking
	Cisplatin + Gemcitabine; 40–42°C; 60 min
	20.3 months
	10.7 months

	Elliott et al. (2023) [30]
	365
	Resection
	Added HITHOC (Various)
	Improved OS (HR = 0.80)
	Extended RFI

	Klotz et al. (2024) [43]
	260
	P/D, EPP, EPD
	Cisplatin (200 mg/m²) +/- Doxorubicin (100 mg/m²); 42°C; 60-90 min
	27 months
	13 months



The benefit of HITHOC is particularly pronounced in patients with epithelioid histology. In these cases, microscopic residual disease is more responsive to locoregional cytotoxic exposure compared to sarcomatoid or biphasic subtypes. One study observed a median survival of 31 months for epithelioid MPM compared to just 14 months for the non-epithelioid subtype when treated with CRS and HITHOC [43].

6. HITHOC in Thymic Malignancies
Thymomas are uncommon, slow-growing tumors that often spread locally to the pleura. HITHOC has gained traction as an adjuvant to surgery for Stage IVA thymoma or pleural recurrences.

Table 2. Clinical Evidence for HITHOC in Thymic Malignancies
	Study
	Patients (n) / Disease Stage
	Surgical Procedure & Chemotherapy Protocol
	Key Survival & Oncological Outcomes
	Morbidity & Complications

	Refaely et al. (2001) [44]
	15 (Stage IVA thymoma and thymic carcinoma)
	EPP or P/D; Cisplatin (100–200 mg/m², 60 min, 43°C)
	3-year OS: 70% (90% for thymoma); 5-year OS: 55% (70% for thymoma).
	No platinum-related toxicity described.

	Yu et al. (2013) [45]
	4 (Stage IVA)
	Cytoreduction; Cisplatin (120 min)
	100% disease-free after 1.5-4 years; one death from unrelated heart failure.
	Intraoperative sinus tachycardia (n=2); pneumonia (n=1).

	Yellin et al. (2013) [46]
	35 (Stage IVA & recurrence)
	Local resection, P/D, or chest wall resection; Cisplatin + Doxorubicin (60 min)
	Stage IVA: 5-year OS 81%, 10-year OS 73%; Median OS: 184 months.
	One hospital mortality.

	Ambrogi et al. (2016) [47]
	13 (Pleural recurrence)
	Surgical resection; Protocol not specified
	Mean survival: 58 months; 5-year survival: 92%; DFI: 47.2 months.
	Feasible and safe.

	Maury et al. (2017) [48]
	19 (Pleural recurrence)
	Pleurectomy/Wedge resection; Cisplatin + Mitomycin (90 min)
	5-year OS: 86%; Median DFS: 53 months.
	Acute Kidney Injury (n=2); bone marrow aplasia (n=1).

	Aprile et al. (2020) [49]
	27 (Pleural recurrence)
	Partial pleurectomy & resection; Cisplatin + Epirubicin (60 min)
	10-year OS: 77%; recurrence rate 44.5% (vs 76.9% for surgery alone).
	Pneumothorax (n=4); morbidity higher than surgery alone (33.3% vs 23%).

	Ried et al. (2023) [50]
	58 (Metastatic thymic tumours)
	P/D, EPD, EPP; Cisplatin +/- Doxorubicin (60 min)
	5-year OS: 77% overall; 94% specifically for thymoma vs 41% for thymic carcinoma.
	Post-operative complications in 35%; one hospital mortality.

	Wang et al. (2025) [51]
	45 (Pleural spread or recurrence)
	Prospective trial; Protocol not specified
	2-year OS: 100%; 2-year progression-free survival (PFS): 82.8%.
	Manageable complication profile.



Studies focused on thymoma have demonstrated remarkably stable outcomes, with 5-year survival rates ranging from 70% to 94%. The median disease-free survival (DFS) in some thymoma cohorts reached 53 months, reinforcing the approach’s clinical consistency [48]. A German multicenter study of 58 patients with metastatic thymic tumors found a 5-year OS rate of 77%, with thymoma patients faring significantly better than those with thymic carcinoma [50]. HITHOC is also effective for treating pleural relapses. Surgery plus HITHOC has been shown to result in a lower recurrence rate compared to surgery alone.

7. Advanced Lung Cancer and Secondary Metastases
Evidence for HITHOC outside MPM and thymoma is more limited but remains an area of active investigation. Between 15% and 24% of NSCLC cases are associated with MPE, which traditionally warrants only palliative care. However, small series suggest that combining CRS with HITHOC may improve local control and extend survival beyond that of systemic chemotherapy alone. Median survival times reported for NSCLC patients treated with HITHOC range from 15 to 33 months. Yi et al. reported a survival benefit in N2 lung adenocarcinoma patients, suggesting HITHOC might have potential systemic effects beyond local control [52].
Secondary pleural metastases from breast, ovarian, and colorectal cancers, including pseudomyxoma peritonei (PMP), account for roughly 45% of pleural malignancies. Rare cases of PMP spreading to the thorax have been treated with HITHOC and CRS with success, showing 5-year survival rates of up to 80%. While literature remains sparse and outdated, pooled success rates for controlling MPE symptoms via intrathoracic chemotherapy reach 87.5% for ovarian and 59.1% for breast cancer [53]. In cases of peritoneal surface malignancies, where the diaphragmatic barrier is breached, combining HITHOC with HIPEC is recommended.

Table 3. Clinical Evidence for HITHOC in Advanced Lung Cancer (NSCLC)
	Study 
	Patients (n)
	Protocol / Chemotherapy
	Survival Outcomes
	Complications / Notes

	Shigemura et al. (2003) [54]
	5
	Cisplatin (120 min)
	Mean OS: 19 months.
	Arrhythmia; pulmonary embolism; 1 death.

	Matsuzaki et al. (2004) [55]
	11
	Cisplatin
	Median OS: 20 months.
	No mortality reported.

	Kimura et al. (2010) [56]
	5
	Cisplatin (30 min)
	Median OS: 41 months.
	No hospital mortality.

	Işik et al. (2013) [57]
	19
	Cisplatin (60 min)
	Median OS: 15.4 months; 1-yr survival: 54.7%.
	Increased creatinine; chylothorax.

	Yi et al. (2016) [52]
	23
	Cisplatin (90 min)
	1-yr OS: 91.3%; 3-yr OS: 38.6%.
	AF; respiratory failure; persistent air leak.

	Hu et al. (2017) [58]
	54
	Cisplatin
	Median OS: 21.7 months; 1-yr OS: 74.1%.
	Lung oedema; cardiac malfunction.

	Kleontas et al. (2019) [59]
	20
	Carboplatin (45 min)
	Median OS: 8 months.
	No significant difference with talc pleurodesis group.

	Li et al. (2023) [60]
	23
	Ultrasound-guided (No surgery)
	95.7% response rate at 1 month; 69.6% response rate at 3 months.
	Response rate at 3 months was significantly better than pleural catheter drainage only group.



Table 4. Clinical Evidence for HITHOC in Secondary Metastases (Extrathoracic Primaries)
	Primary Cancer Site
	Study
	Protocol / Agent
	Reported Outcomes

	Mixed (Extrathoracic)
	Hassan et al. (2023) [61]
	Cisplatin +/- Doxorubicin (60 min)
	Median OS: 39 months; 5-yr survival: 41%.

	Peritoneal Surface
	Nikiforchin et al. (2021) [62]
	Mitomycin-C, Carboplatin, or Melphalan (90 min)
	5-year OS: 67.9%.

	Pseudomyxoma Peritonei
	Doyle et al. (2016) [63]
	Mitomycin (90 min)
	Median OS: 85 months; 5-yr OS: 80%.

	Breast Cancer
	Karampinis et al. (2022) [53]
	Systematic review (169 pts)
	59.1% success rate for controlling MPE symptoms.

	Ovarian Cancer
	Karampinis et al. (2022) [53]
	Systematic review (8 pts)
	87.5% success rate for controlling MPE symptoms.



8. Safety, Complications, and Perioperative Management
While HITHOC introduces manageable morbidity, it requires a dedicated perfusion system and specialized multidisciplinary teams. AKI is the most frequently reported non-surgical adverse effect, particularly with cisplatin doses exceeding 175 mg/m². However, the incidence of severe renal failure has declined significantly with the implementation of renoprotective measures, including aggressive preoperative hydration and the administration of cytoprotective agents like amifostine and sodium thiosulfate [15,16].
Common surgical complications include prolonged air leak (up to 85% in some thymoma series), bleeding, and empyema. Immediate intraoperative complications can include hemodynamic instability, such as sudden increases in central venous pressure and cardiac warming, which may rarely evolve into cardiac asystole during the perfusion phase [18,19]. This necessitates careful anesthetic monitoring and sometimes the use of vasopressors.
Despite the increased technical complexity, patients receiving HITHOC often demonstrate lower 30-day and 90-day mortality compared to those undergoing surgery alone, indicating that the technique does not compromise, and may potentially improve, perioperative safety when performed in specialized centers [14,30].

9. Methodological Challenges and Protocol Heterogeneity
The primary barrier to the widespread adoption of HITHOC is the lack of standardized protocols. There is marked variation across centers regarding the regimen, dosage and perfusion parameters [16-19].

Table 5. Protocol Heterogeneity in HITHOC
	Drug Regimen
	Cisplatin alone versus combinations with Doxorubicin, Gemcitabine, or Mitomycin C

	Dosage
	Ranging from 50-225 mg/m²

	Perfusion Parameters
	Durations between 60-120 minutes and target temperatures between 38-45°C



This variability weakens the conclusions of meta-analyses and prevents the formation of specific procedural recommendations by international bodies like European Association for Cardio-Thoracic Surgery (EACTS) or European Society of Thoracic Surgeons (ESTS). Efforts toward standardization, such as the German multicenter consensus, which proposes a target temperature of 42°C and 60-minute perfusion, represent vital progress [64].

10. Future Directions in Pleural Management
The future of HITHOC lies in technological advancement and integration with systemic therapies. Transitioning from traditional thoracotomy to video-assisted thoracoscopic surgery (VATS) or robotic platforms for cytoreduction may reduce complication rates and improve perioperative recovery. Robotic-assisted surgery offers improved cavity visualization and precision during decortication, supporting standardized treatment workflows [65].
The integration of HITHOC with targeted therapies (e.g., anti-VEGF, anti-EGFR) and immunotherapy is a promising new frontier. Pre-clinical studies in murine models suggest that HITHOC modulates the immune microenvironment and can synergize with dual immune checkpoint blockade (anti-PD-1 and anti-CTLA-4) to significantly improve survival [66,67].
The proposed development of a “Pleural Cancer Burden Index”, analogous to the “Peritoneal Cancer Index”, could enhance prognostic stratification and allow for better comparability across clinical studies. Furthermore, nanotechnology may offer high-definition delivery of antitumor agents, exploiting magnetic-nanoparticle-mediated intracellular hyperthermia to kill tumor cells with minimal collateral damage [68].

11. Conclusion
HITHOC currently occupies an intermediate position between a promising locoregional therapy and a formal guideline-mandated standard of care. The literature consistently demonstrates that the technique is feasible and safe, with a clear signal of benefit in overall survival and locoregional control for MPM and Stage IVA thymoma. However, systematic consolidation will depend on methodological rigor and the success of prospective multicenter studies. By harmonizing existing evidence and integrating emerging minimally invasive and immunotherapeutic strategies, HITHOC has the potential to become a cornerstone of multimodal treatment for the entire spectrum of pleural malignancies.
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