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Abstract 

Background: High-dose chemotherapy (HDCT) followed by autologous stem cell transplantation 

(ASCT) is an established salvage therapy for relapsed or refractory (R/R) germ cell tumors (GCTs). 

Methods: We conducted a retrospective analysis of 9 patients (23-41 years of age) with 

relapsed/refractory (R/R) GCTs treated according to the Swedish-Norwegian Testicular Cancer 

Group Clinical Protocol (SWENOTECA), at the Specialized Hospital for Active Treatment of 

Hematological Diseases (SHATHD) in Sofia, Bulgaria. The study evaluates the efficacy and safety of 

HDCT followed by ASCT in R/R GCTs eligible for second-line consolidation. Results: The median 

follow-up was 39.3 months. Following ASCT, the overall response rate (ORR) was 33.3%, consisting 

entirely of complete responses (CR). The 1-year OS and PFS were both 44.4%. Notably, Kaplan-Meier 

curves for OS and PFS reached a plateau after 24 months (33.3%), showing that long-term durable 

remission in these patients is achievable. Although grade 3–4 toxicities were observed, there was no 

treatment-related mortality. Conclusion: Tandem HDCT followed by ASCT is a safe and effective 

salvage strategy for R/R GCTs, offering predictable toxicity and curative potential, which is proven 

by the observed survival plateau. While tandem cycles are the current standard, the upcoming TIGER 

trial results will determine the future necessity of further intensification. 

Keywords: germ cell tumors; high dose chemotherapy; autologous stem cell transplantation 

 

1. Introduction 

Germ cell tumors (GCTs) are the most common solid malignancies in young men aged 15–45 

years. Diagnosis and disease staging are performed in accordance to the established international 

guidelines provided by the National Comprehensive Cancer Network (NCCN) [1] and the European 

Society for Medical Oncology (ESMO) [2]. The clinical prognosis and risk stratification are primarily 

determined by the International Germ Cell Consensus Classification (IGCCCG) [3], which was 

validated in a large-scale analysis by Einhorn et al. [3]. More recent updates to this classification 

continue to refine risk categories for metastatic cases [4]. 

Published data have shown that the treatment of GCTs is exceptionally successful: the cure rate 

in early stages often exceeds 95% [5], and even in metastatic forms, it reaches 80–90% [2]. Radical 

inguinal orchiectomy is the first mandatory step in the treatment of the primary tumor, serving 

simultaneously for diagnosis and therapy. After the operation, the subsequent treatment depends on 

the histological variant of the tumor and its stage. For early stage disease (I), the most common 

approach is active surveillance. Alternatively, adjuvant chemotherapy, usually a single course with 

carboplatin, can be administered to reduce the risk of relapse. For advanced stage (II and III), the 

main method is Platinum-based chemotherapy, most often administered through the BEP regimen 
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(bleomycin, etoposide, cisplatin). Radiotherapy is used less frequently today, but it can be effective 

for certain cases in stage II. 

The clinical management of relapsed/refractory (R/R) GCTs remains a subject of active debate, 

centered on the choice between standard chemotherapy and HDCT followed by ASCT [6]. While 

GCTs are highly sensitive to cisplatin, the prognosis for primary refractory cases remains dismal, 

necessitating dose-intensive consolidation strategies like tandem HDCT. Retrospective data, most 

notably from the Indiana University [7] and large analyses of the Center for International Blood and 

Marrow Transplant Research (CIBMTR) / European Society for Blood and Marrow Transplantation 

(EBMT) [8], suggest that HDCT and ASCT provide superior long-term survival, particularly when 

utilized as an early salvage intervention. Tandem HDCT cycles aim to maximize dose intensity while 

mitigating cumulative organ toxicity [9]. 

In Northern Europe and Scandinavia, the SWENOTECA Group [10] has established robust 

management guidelines that have standardized the approach to GCTs. The SWENOTECA protocols 

emphasize a risk-adapted strategy, ensuring that patients at high risk of failure receive intensified 

treatment early in their clinical course. 

In Bulgaria, the implementation of such intensive protocols at a single-center level requires 

significant coordination between oncology, hematology, and transplant units. At the SHATHD in 

Sofia, we have adopted the HDCT approach as a consolidation strategy for R/R GCT patients. This 

study aims to provide a detailed analysis of our single-center experience with tandem HDCT/ASCT. 

By presenting our clinical outcomes and toxicity profiles, we aim to contribute to the growing 

evidence regarding the feasibility and efficacy of this intensive treatment in Eastern European clinical 

practice, particularly focusing on long-term survival and the management of treatment-related 

complications. 

2. Materials and Methods 

2.1. Study Design and Population 

We conducted a retrospective, single-center study, which included nine male patients with R/R 

GCTs referred to our HSCT center at SHATHD by their treating oncologist between 2019 and 2022. 

All patients were candidates for tandem cycles of HDCT followed by ASCT after failing at least one 

line of platinum-based chemotherapy. Eligibility was based on standard institutional protocol. All 

patients achieved successful PBSC mobilization with a target CD34+ yield of 5–7 × 10⁶/kg (minimum 

2 × 10⁶/kg per cycle) and provided signed informed consent. The study was approved by the local 

Ethics review board. 

2.2. Treatment Protocol 

The therapeutic strategy followed the SWENOTECA IV protocol. The tandem regimen consisted 

of two distinct HDCT cycles: 

• Cycle 1: Carboplatin 7 x (GFR+25), max 800 mg (Day 1-4), Cyclophosphamide 1500 mg/m² (Day 

1-4), and Etoposide 440 mg/m² (Day 1-4). 

• Cycle 2: Carboplatin 7 x (GFR+25), max 800 mg (Day 1-4), Cyclophosphamide 1500 mg/m² (Day 

1-4) and Thiotepa 120 mg/m² (Day 1-4). 

Peripheral blood stem cells (PBSC) were mobilized during second-line salvage therapy by 

chemo-mobilization (77.8%) or G-CSF alone (22.2%). The target CD34+ cell count was set at 5–7 × 

10⁶/kg to ensure sufficient cell dose for both cycles. 

2.3. Statistical Analysis 

The primary endpoints were OS and PFS, calculated from the date of the first ASCT. Survival 

probabilities were estimated using the Kaplan-Meier method. Statistical analysis was performed 
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using Python (version 3.10) utilizing the lifelines library for survival modeling. Toxicities were 

graded according to the NCI Common Terminology Criteria for Adverse Events (CTCAE) v5.0 [11]. 

3. Results 

3.1. Patient Characteristics and Mobilization 

A total of nine male patients with relapsed or refractory (R/R) germ cell tumors were included 

in this analysis. The median age at the time of the first ASCT was 34 years (range 23–41). Patient 

characteristics are summarized in Table 1. At initial diagnosis, 66.7% of patients presented with 

metastatic disease (T2N2M1). All patients had previously undergone radical inguinal orchiectomy 

and received first-line BEP/EP regimens. Unfortunately, only 2 (22.3%) of patients achieved an 

objective response – 1 (11.15%) complete response (CR) and 1 (11.15%) partial response (PR), while 6 

(77.7%) had a stable or progressive disease. Consequently, the patients proceeded to second line 

therapy according to TIP (Paclitaxel, Ifosfamide, Cisplatin) or PEI (Cisplatin, Etoposide, Ifosfamide) 

protocols, followed by HDCT and ASCT. The only one patient in CR1 experienced a rapid 

morphological relapse prior to ASCT. Half of patients (55.5%) achieved partial or complete response 

to second-line salvage (TIP/PEI), while 44.5% had stable or progressive diseases. Stem cell 

mobilization was successful in all patients with a mean CD34+ yield of 8.38 × 10⁶/kg. Mobilization 

was primarily achieved using chemotherapy plus G-CSF (77.7%), while 22.3% of patients required G-

CSF alone. 

Table 1. Treatment characteristics and outcomes. 

Characteristics 

First Line Therapy 

BEP 

PEI 

Patients, N=9 

 

5 (55.5) 

4 (44.5) 

Response assessment after 1st line therapy, n (%)  

CR+PR 2 (22.3) 

SD+PD 

Second Line Therapy 

TIP 

PEI 

7 (77.7) 

 

8 (88.8) 

1 (11.1) 

Mobilization regimen, n (%)  

CT + G-CSF 7 (77.7) 

G-CSF 2 (22.3) 

Response assessment before HSCT, n (%)  

CR+PR 5 (55.5) 

SD 3 (33.3) 

PD 1 (11.1) 

Response assessment after HSCT, n (%)  

CR 3 (33.3) 

PD 5 (55.5) 

NA 1 (11.1) 

3.2. Survival and Response 

With a median follow-up of 39.3 months, the median OS was 8.4 months and the median PFS 

was 5.9 months. The ORR post-ASCT was 33.3%, with all responders achieving CR. Kaplan-Meier 

analysis (Figure 1A, 1B) demonstrated a 1-year OS and PFS of both 44.4% with the majority of events 

concentrated in the early post-transplant period. Notably, the survival curve reached a stable plateau 

after the initial 18-month high-risk window, suggesting that patients, who remain progression-free 

at this time point achieve durable long-term remission. 
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Figure 1. A. Overall Survival (OS); B. Progression-Free Survival (PFS). 

3.3. Safety and Engraftment 

Hematopoietic recovery was comparable after both ASCT. Mean neutrophil engraftment 

occurred on day 14 for both Cycle 1 and Cycle 2. Platelet recovery (>20 × 10⁹/L) was achieved on days 

18 and 16, respectively. 

The cumulative safety profile was evaluated by documenting adverse events from both 

transplantation cycles, as shown in Table 2. The toxicity profile was significant, but manageable. 

Hematological toxicity was universal, with all patients reaching Grade 4 neutropenia and 

thrombocytopenia. Febrile neutropenia occurred in 88.9% of cases but was successfully resolved with 

standard antibiotic treatment protocols. Grade 2-3 mucositis and diarrhea were frequently reported. 
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Cumulative renal toxicity from prior heavy cisplatin exposure was a significant consideration for 

patient eligibility and management in our cohort. In our series, Grade 3–4 nephrotoxicity (according 

to CTCAE v5.0) was observed in one patient (11.1%), who required temporary hemodialysis. This 

underscores the necessity for rigorous monitoring of glomerular filtration rate (GFR) and aggressive 

hydration protocols during tandem ASCT to mitigate the risks of irreversible renal failure. Most 

importantly, there was no treatment-related mortality (TRM), with 100% of patients surviving the 

treatment. These findings demonstrate that, despite the intensive nature of the regimen, the 

associated toxicities are predictable and can be effectively managed by multidisciplinary teams. 

Table 2. Cumulative Adverse Events observed during the first and second ASCT cycles (N=9). 

Adverse Event All Grades, n (%) Grade 3–4, n (%) 

Gastrointestinal (GI)   

Mucositis 9 (100%) 2 (22.2%) 

Nausea/Vomiting 9 (100%) 2 (22.2%) 

Erosive gastritis 2 (22.2%) 1 (11.1%) 

Toxic colitis 1 (11.1%) 1 (11.1%) 

Systemic & Organ Toxicities   

Febrile neutropenia 8 (88.9%) 1 (11.1%) 

Infections 7 (77.8%) 2 (22.2%) 

Hepatotoxicity 2 (22.2%) 0 (0%) 

Nephrotoxicity 2 (22.2%) 1 (11.1%) 

4. Discussion 

The management of R/R GCTs remains a clinical challenge, particularly in patients who show 

limited response to initial salvage chemotherapy. Our study confirms that the tandem HDCT 

approach, established by the SWENOTECA group, is a feasible and safe strategy even in a heavily 

pre-treated cohort. 

4.1. Comparative Efficacy and Population Risk 

Our observed 2-year OS of 33.3% is lower than the 63–66% reported by the Indiana University 

group [7]. However, this discrepancy is likely attributable to the high-risk nature of our small cohort; 

44.4% of our patients entered ASCT with stable or progressive disease (SD/PD), whereas the best 

outcomes in literature are typically seen in patients who are “platinum-sensitive” or at least in partial 

remission before HDCT [12]. Nevertheless, the survival plateau we observed at 24-month aligns with 

international data, suggesting that HDCT has curative potential in a subset of 

Our observed complete response (CR) rate of 33.3% is consistent with several international 

reports, although it is on the lower end compared to high-volume centers of excellence. For instance, 

the landmark study by Einhorn et al., which utilized tandem HDCT as a second-line or later salvage 

treatment, reported a long-term remission rate of approximately 60%. Similarly, the TICE protocol 

(Paclitaxel, Ifosfamide followed by High-dose Carboplatin and Etoposide) has demonstrated 

impressive durable response rates. 

The discrepancy between our results and these major trials can likely be attributed to the high 

proportion of patients with primary refractory disease in our cohort. Specifically, over 55% of our 

patients exhibited progressive disease (PD) during or immediately after first-line BEP therapy. 

According to the International Prognostic Factors Study Group (IPFSG) criteria, these patients fall 

into the high-risk or very high-risk categories, where survival outcomes are significantly 

compromised regardless of the salvage strategy employed. 
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4.2. The Safety of the Tandem Approach 

The most striking finding in our study is the absence of TRM. In larger multicenter series, TRM 

for HDCT typically ranges from 3,5% to 7% [7,13]. Our results demonstrate that with rigorous 

supportive care and a multidisciplinary team, the significant toxicities of high-dose Carboplatin and 

Thiotepa (including febrile neutropenia and mucositis) can be effectively mitigated. The stability of 

engraftment between the first and second cycles also proves that the bone marrow microenvironment 

is not prohibitively damaged by the initial high dose burst. 

4.3. Biological Rationale for Tandem Transplantation and Future Trends (The TIGER Trial) [14] 

The choice of a tandem (double) transplant approach, as advocated by the SWENOTECA 

guidelines and implemented in our center, is based on the biological principle of maximizing the 

cumulative dose of platinum agents while allowing for hematological recovery between cycles. This 

“dose-intensive” strategy is specifically designed to eradicate chemoresistant clones that might 

survive a single cycle of high-dose therapy. However, the high mortality observed in our cohort (6 

out of 9 patients) underscores that even the most intensive consolidation cannot always overcome 

the aggressive biology of primary refractory germ cell tumors (GCTs).A key point of current debate 

is the optimal number of HDCT cycles. While our institutional protocol utilizes a tandem (2-cycle) 

approach, the international community is closely monitoring the ongoing Phase III TIGER trial. This 

trial is evaluating a 3-cycle TI-CE (Paclitaxel, Ifosfamide, Carboplatin, Etoposide) regimen as a first-

line salvage treatment. The 3-cycle approach theoretically increases dose intensity but also raises 

concerns regarding cumulative toxicity, increased demand for CD34+ stem cells, and longer hospital 

stays. 

Our data show that a tandem approach provides a robust yield of CD34+ cells and a manageable 

toxicity profile, making it a viable option in a real-world clinical setting. If the TIGER trial results 

eventually demonstrate a significant survival advantage for three cycles of HDCT, a shift in 

international protocols may be warranted. However, for centers treating highly refractory patients 

with limited physiological reserves, the tandem approach remains a validated, potent, and 

potentially safer standard. 

4.4. The Bulgarian Context and Single-Center Limitations 

To our knowledge, this is one of the few reports detailing the use of tandem ASCT for GCTs in 

Eastern Europe. The implementation of such protocols in Bulgaria faces unique challenges, including 

access to specialized salvage agents and the logistical burden of stem cell cryopreservation for 

multiple cycles. 

The primary limitations of this study are its retrospective nature and the small sample size (N=9). 

However, as a single-center experience in a specialized setting, it provides valuable real-world data 

on the implementation of intensive SWENOTECA protocols outside of Scandinavian populations. 
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4.5. Future Directions 

Moving forward, better patient selection is paramount. Emerging biomarkers, such as serum 

microRNA-371a-3p (miR-371) [15], may in the future help clinicians identify earlier those patients 

who are likely to fail conventional salvage therapy and who should be fast-tracked to HDCT. 

Additionally, for patients with platinum-refractory disease, exploring the role of novel agents or 

immunotherapy in combination with HDCT remains a promising area for clinical research [16]. 

5. Conclusions 

Tandem HDCT followed by ASCT is an intensive but safe salvage therapy for patients with 

recurrent or refractory germ cell tumors. The procedure is characterized by predictable toxicities and 

excellent hematopoietic recovery. While long-term survival is lower in highly refractory cases, the 

achievement of a survival plateau confirms the curative potential of this treatment. Future results 

from the TIGER trial will further refine whether intensification to three cycles of HDCT and ASCT 

should become the new international standard. 

In conclusion, our single-center experience confirms that tandem HDCT with ASCT is a feasible 

and potentially curative salvage strategy for patients with relapsed and refractory germ cell tumors 

in Bulgaria. Despite the small cohort, the observed survival plateau after 24 months suggests that 

long-term remission is achievable even in heavily pre-treated patients. Future efforts should focus on 

early identification of high-risk patients using molecular biomarkers to optimize the timing of this 

intensive intervention. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ASCT Autologous Stem Cell Transplantation 

BEP Bleomycin, Etoposide, Platinum 

CIBMTR Center for International Blood and Marrow Transplant Research 

CR Complete Response 

CTCAE Common Terminology Criteria for Adverse Events 

EBMT European Society for Blood and Marrow Transplantation 

EP Etoposide, Platinum 

ESMO European Society for Medical Oncology 

GCTs Germ Cell Tumors 

HDCT High-Dose Chemotherapy 

HSCT Hematopoietic Stem Cell Transplantation 

IGCCCG International Germ Cell Consensus Classification 

NCCN National Comprehensive Cancer Network 

ORR Overall Response Rate 

OS Overall Survival 

PBSC Peripheral Blood Stem Cells 
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PEI Cisplatin, Etoposide, Ifosfamide 

PFS Progression-Free Survival 

PR Partial Response 

R/R Relapsed or Refractory 

SD/PD Stable Disease / Progressive Disease 

SHATHD Specialized Hospital for Active Treatment of Hematological Diseases 

SWENOTECA Swedish-Norwegian Testicular Cancer Group 

TI-CE Paclitaxel, Ifosfamide, Carboplatin, Etoposide 

TIP Paclitaxel, Ifosfamide, Cisplatin 

TRM Treatment-Related Mortality 
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