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Primary Mediastinal Germ Cell Tumors in Children and Adolescents: Results of the German Cooperative Protocols MAKEI 83/86, 89, and 96 By Dominik T. Schneider, Gabriele Calaminus, Harald Reinhard, Peter Gutjahr, Bernhard Kremens, Dieter Harms, and Ulrich Go ¨ bel Purpose: To evaluate children and adolescents with primary mediastinal teratoma and malignant germ cell tumors (GCTs). Patients and Methods: Forty-seven patients from the German nontesticular GCT studies were analyzed (median age, 2.5 years; range, neonate to 17 years). Teratoma (n ⴝ 21) were resected, and no adjuvant treatment was given. Malignant GCTs (n ⴝ 26) were treated with cisplatin-based chemotherapy and resection. Three of 26 patients underwent radiotherapy. Results: In all patients with teratoma, tumor markers were normal. Surgery of teratoma was complete in 17 of 21 patients and microscopically incomplete in four of 21 patients, and we observed no relapse after a median follow-up of 29 months. In 23 of 26 patients with malignant GCTs, alpha-fetoprotein and/or betahuman chorionic gonadotropin were elevated. Twelve of 26 patients received adjuvant chemotherapy after initial resection, which was complete in six of 12 patients, whereas delayed resection after preoperative chemotherapy was complete in 10 of 11 patients (P ⴝ



.03). Four of six patients underwent second-look thoracotomy after incomplete primary surgery. Three of 26 patients did not undergo tumor resection. The final completeness of resection was the strongest prognostic indicator (event-free survival [EFS], 0.94 ⴞ 0.06 v 0.42 ⴞ 0.33; P < .002). Local stage and distant metastases were not prognostically significant at the .05 level. For all malignant GCTs, the 5-year survival rate was 0.87 ⴞ 0.05 (median follow-up, 51 months), with an EFS of 0.83 ⴞ 0.05. Conclusion: The prognosis of mediastinal teratoma is excellent after complete or microscopically incomplete resection. In children with malignant GCT, the prognosis is favorable with a therapeutic strategy of delayed resection after preoperative chemotherapy. In most children, the diagnosis can be based on elevated tumor markers and imaging. Biopsy is indicated in nonsecreting GCT. J Clin Oncol 18:832-839. © 2000 by American Society of Clinical Oncology.



RIMARY MEDIASTINAL germ cell tumors (GCTs) constitute a distinctive group of tumors that are characterized by an extraordinary heterogeneity of both the histopathologic appearance and the clinical course, which can be complicated by the infiltration of organs of vital importance.1,2 They account for 4% of all pediatric GCT patients registered in the German GCT protocols.3 In young



children, teratoma and malignant nonseminomatous tumors like the yolk sac tumor (YST; endodermal sinus tumor) are most prevalent. Most studies of malignant mediastinal GCT in children have demonstrated an inferior prognosis of these tumors compared with their gonadal counterparts.4-6 In adults, seminoma represents the largest histologic subentity of mediastinal GCT. They show a favorable response to radio- and chemotherapy, whereas the malignant nonseminomatous tumors bear an unfavorable prognosis, even with cisplatin-based chemotherapy.1,7 This report represents the largest study of both mediastinal teratoma and malignant mediastinal GCT in children to date. In our cohort of patients with malignant GCTs, we achieved a favorable outcome that was superior to that achieved in all previously published studies in children and adults. Our data suggest that a neoadjuvant strategy that is based on clinical diagnosis by measurement of tumor markers, imaging, and (in marker-negative tumors) possibly biopsy followed by a delayed tumor resection after preoperative chemotherapy may be preferable.
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PATIENTS AND METHODS Between 1983 and April 1999, 1,244 patients were prospectively enrolled onto the German treatment protocols for nontesticular malignant GCTs in children and adolescents (MAligne KEImzelltumoren
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MEDIASTINAL GERM CELL TUMORS IN CHILDREN Table 1.



Standard Dosage of Chemotherapy (cycles given in 3-week intervals)



Drug



Dosage 2



Etoposide (E) Cisplatin (P)



100 mg/m /d over 1 hour for 3 days 20 mg/m2/d over 1 hour for 5 days (⫹ mannitol forced diuresis) 1,500 mg/m2/d over 22 hours for 5 days (⫹ mesna uroprotection) 3 mg/m2/d over 1 hour for 2 days 15 mg/m2/d over 24 hours for 3 days



Ifosfamide (I) Vinblastin (V) Bleomycin (B) Applied Combination



Regimen



4 ⫻ PVB, then second-look surgery/delayed resection, then 4 ⫻ PEI 3-4 ⫻ BEP, then second-look surgery/delayed resection, then 3-4 ⫻ VIP 3-4 ⫻ PEI, then second-look surgery/delayed resection, then 1-2 ⫻ PEI



MAKEI 83/86 MAKEI 89 MAKEI 96



[MAKEI] 83/86, 89, and 96). Among these patients, we observed 53 patients with mediastinal GCT. Three patients were excluded from analysis because of cytostatic pretreatment for other suspected diagnoses (n ⫽ 2) or refusal of cytostatic treatment (n ⫽ 1), and three patients were excluded because of their age of more than 17 years. Forty-seven patients (teratoma, n ⫽ 21; malignant GCT, n ⫽ 26) were analyzed according to an intent-to-treat strategy. Among these, protocol violations occurred in three patients (parental refusal of further chemotherapy after four cycles of chemotherapy, n ⫽ 2; additional radiotherapy of initial bone metastasis, n ⫽ 1). The median age was 2.5 years (range, neonate to 17 years). There were 26 girls and 21 boys. Informed consent for treatment, central data registration, and statistical evaluation were obtained after diagnosis. The MAKEI protocols have been approved by the Ethics Committee of the Heinrich-HeineUniversity at Du¨sseldorf, Germany.



Clinical Investigations In all patients, the diagnostic procedures consisted of tumor imaging, including computerized tomography or magnetic nuclear resonance tomography, and measurement of the tumor markers alpha-fetoprotein (AFP) and beta-human chorionic gonadotropin (␤-HCG). The tumor markers were measured at diagnosis, during therapy (weekly until normalization), and monthly for 1 year, and in longer intervals thereafter. In all patients who received cisplatin, audiometric examinations and measurements of the glomerular filtration rate were recommended at diagnosis, during treatment, and after the end of treatment. In children who received bleomycin, the pulmonary function was examined. Late effects of the treatment were checked by follow-up questionnaires every 6 months.



Histopathology and Staging System The histopathologic specimens were re-evaluated by a central pathology board. The tumors were histologically classified according to the World Health Organization (WHO) classification.8 In teratoma, the grade of immaturity was determined as described by Gonzalez-Crussi et al.9 The surgical records were reviewed centrally. Tumor resection was considered to be complete if the tumor, including the tumor capsule, was resected en bloc and without evidence of rupture of the tumor capsule. Microscopically, the resection margins had to be free of tumor cells. The tumor-node-metastasis classification of soft tissue tumors in children was applied10: Tumors confined to the organ of origin were



regarded as stage T1 tumors. If infiltration of contiguous organs or malignant effusions occurred, a stage T2 tumor was diagnosed. Tumors of more than 5 cm in diameter were classified as stage T1b or T2b, respectively, whereas smaller tumors were regarded as stage T1a or T2a tumors. Lymph node (N1) and distant metastases (M1) were evaluated separately.



Treatment Patients with teratoma were treated with tumor resection without adjuvant chemotherapy or radiotherapy. Patients with malignant tumors were treated with a multimodal approach that included complete tumor resection and cisplatin-containing chemotherapy. The dosages of the chemotherapeutic agents are listed in Table 1. In summary, a cisplatin-based three-agent regimen was applied in 3-week intervals. The combinations of the chemotherapeutic agents varied between the different treatment protocols, but the dosage and the mode of application remained unchanged throughout the study period. In MAKEI 83/86, eight cycles of chemotherapy were applied. In MAKEI 89, six to eight cycles were applied, and in MAKEI 96, four (to five) cycles were recommended (Table 1). In patients with large tumors, for whom the tumor could not be completely excised without major morbidity, a delayed tumor resection after three to four cycles of chemotherapy was advised. In patients with incomplete tumor resection after first surgery, second-look surgery with excision of suspected tumor residues was strongly recommended (Table 1). Radiotherapy was recommended as a treatment option in seminoma only.



Statistical Analysis Statistical analysis was performed using an individualized database (provided by the Institute of Medical Statistics and Documentation, University of Mainz, Mainz, Germany) and the SAS program (Version 6.12, SAS Institute, Inc, Cary, NC). For categorical data, the two-sided Pearson 2 test was applied. Numerical data were calculated with the Mann-Whitney U rank test. The overall and event-free survival rates were estimated according to the method of Kaplan and Meier. The generalized Wilcoxon test and the Cox regression model were used to define independent prognostic factors. Event-free survival was defined as the time from diagnosis to the first relapse or death. The other patients were censored at the time of the last reported follow-up examination. P values of less than .05 were considered to be statistically significant.
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RESULTS



Table 2.



Histology of the 47 Protocol Patients No. of Patients



Clinical Presentation In three neonates, a large mediastinal tumor had been observed on transabdominal ultrasound during pregnancy, and the mothers were referred to perinatologic centers with a thoracosurgical facility. Five patients were diagnosed during routine medical consultations or examinations for non–tumor-related symptoms (chest x-ray for tuberculosis screening, n ⫽ 2; routine physical examination, n ⫽ 3). Local pain (n ⫽ 13) and unspecific respiratory symptoms (n ⫽ 18) such as coughing and dyspnea on exertion were the most common clinical symptoms. Two patients suffered from pneumonia due to bronchial obstruction by the tumor. Upper venous obstruction occurred in five patients, with one patient suffering from an acute cardiovascular collapse. In 23 of 26 patients with malignant GCT, a marked elevation of the AFP (120 to 1,368,900 g/L) indicated a significant YST component of the tumor. Four patients showed a significant elevation of ␤-HCG (32 to 125,000 IU/L). In all 21 patients with teratoma, the initial AFP and ␤-HCG levels were within the age-related normal range.11 All teratoma were classified as stage T1 tumors (T1a, three patients; T2b, 18 patients). Seven patients with malignant GCT presented with stage T1b tumors, and 19 patients had T2b tumors. Nine of 26 patients with malignant GCT had metastases in the locoregional lymph nodes (n ⫽ 4), the lungs (n ⫽ 5), CNS (n ⫽ 1), liver (n ⫽ 2), or bone (n ⫽ 2). In three patients, a diagnostic biopsy could be obtained from a supraclavicular lymph node metastasis. Histopathology Histologic classification of tumors for all patients is listed in Table 2. The distribution of the histopathologic subentities varied according to age (Fig 1). All nine tumors that were diagnosed in the first year of life were teratomas (mature, five patients; immature grade 1, three patients; grade 2, one patient). During infancy and adolescence, the incidence of teratoma decreased. In infants, malignant GCTs with pure YST histology or mixed histology with predominant YST components were most prevalent. We did not observe mediastinal seminoma in children younger than 10 years of age.



Teratoma (TER) Mature Grade 1 Grade 2 Grade 3 Seminoma (SE) YST Embryonal carcinoma (EC) Choriocarcinoma (CHC) Mixed YST ⫹ EC YST ⫹ EC ⫹ CHC YST ⫹ EC ⫹ SE YST ⫹ EC ⫹ TER YST ⫹ TER EC ⫹ SE



21 16 4 1 — 3 13 — 1 9 2 2 1 1 2 1



In nine patients (three with teratoma; six with malignant GCT), partial pleurectomy or lobectomy was performed. No patient died due to perioperative complications. One patient with intramyocardial YST with consecutive left outflow tract obstruction received a partial resection of the ventricular septum. Postoperatively, this patient suffered from third-degree arterioventricular block and congestive heart failure, which were treated with a pacemaker and digoxin. All patients with teratoma underwent primary surgery, which was microscopically complete in 17 of 21 patients. In four patients, the surgery was regarded as incomplete because of rupture of the tumor capsule, enucleation of the tumor, or resection in more than one piece. No patient with teratoma underwent second-look surgery.



Surgical Treatment Surgery included median or anterolateral thoracotomy followed by en-bloc resection of the tumor (if possible), which was combined with partial or total thymectomy in most patients. In five patients, the phrenic nerve had to be killed. Seven patients (one with teratoma; six with malignant GCT) underwent partial resection of the pericardium.



Fig 1. Age and histologic differentiation in all registered patients with mediastinal GCTs (n ⴝ 53; one patient with insufficient histopathology was excluded).
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MEDIASTINAL GERM CELL TUMORS IN CHILDREN Table 3.



Malignant Germ Cell Tumors: Local Therapy and Outcome (n ⴝ 26) First Clinical Remission



Primary tumor resection Complete Incomplete Delayed tumor resection Complete Incomplete Radiotherapy No local therapy



5 4* 10 1 1 1



Second Clinical Remission



DOD



1 —



— 2



— — — —



— — 1 —



Abbreviation: DOD, dead of disease. *Complete resection on second-look surgery.



Twelve of 26 patients with malignant GCT were treated with a primary tumor resection, which was incomplete in six of 12 patients (Table 3). Four of these six patients underwent second-look surgery, by which a complete resection of the residual tumor was achieved. Eleven patients underwent a delayed tumor resection after preoperative chemotherapy (three to four cycles). No patient of this group required second-look thoracotomy. A higher rate of complete tumor resection could be achieved with delayed surgery than with tumor resection at diagnosis (10 of 11 patients v six of 12 patients; 2 test, P ⫽ .03). Three patients with malignant GCT did not receive tumor resection. One of these patients had a histologically pure seminoma and received local radiotherapy (35 Gy). Because there was no residual tumor after radiotherapy, surgery was canceled. Another patient suffered from a refractory tumor and was considered ineligible for surgery. The third patient had a biopsy-proven pure YST. After six cycles of chemotherapy, computed tomography did not provide evidence of residual tumor, and this patient has remained in complete remission for 77 months at the time of this report. Adjuvant Treatment of Malignant GCTs: Chemotherapy and Radiotherapy All patients with malignant GCT received three to eight cycles of chemotherapy according to the treatment protocol (Table 1); no other chemotherapeutic drugs were used. The favorable treatment results achieved in the earlier treatment protocol allowed reduction of the cumulative chemotherapy in the current MAKEI 96 protocol to a maximum of four (to five) cycles for high-risk patients. This reduction of treatment did not influence prognosis (Table 4). Furthermore, we did not observe significant differences between the therapeutic potential of the different cisplatin-based chemotherapy regimens recommended in the MAKEI protocols. In one patient who received 11 cycles of chemotherapy, the last four cycles consisted of etoposide monotherapy.



Table 4.



Chemotherapy and Outcome (n ⴝ 26)



Primary Chemotherapy



⬍ Four cycles Four to five cycles Six to seven cycles ⱖ Eight cycles



CCR



PD



1 8 7 6



1*



Relapse



1 1 1



Abbreviations: CCR, continuous clinical remission; PD, progressive disease. *3 ⫻ PEI with granulocyte colony-stimulating factor support, clinical evidence of granulocyte colony-stimulating factor–associated tumor progression, futile attempt by intensification by high-dose chemotherapy.



One patient apparently showed a good response to cisplatin, etoposide, and ifosfamide after incomplete primary surgery but suffered from rapidly recurring tumor during the intervals between courses, during which he received granulocyte colony-stimulating factor. This patient was treated with radiotherapy followed by a high-dose chemotherapy regimen but nonetheless died as a result of progressive disease. One patient with mediastinal seminoma received local radiotherapy (35 Gy). One patient received 40 Gy to a bone metastasis at the femur, which had previously caused a fracture. The other patients did not undergo radiotherapy. Survival: All Patients All teratoma patients were cured with tumor resection only (median follow-up, 29 months; range, 5 to 118 months). For the patients with malignant GCT, the KaplanMeier estimate for 5-year event-free survival (EFS) was 0.83 ⫾ 0.05 (22 of 26 patients) at a median follow-up of 41 months (range, 6 to 166 months). The estimate for 5-year overall survival was 0.87 ⫾ 0.05 (23 of 26 patients) at a median follow-up of 51 months (range, 6 to 166 months). Prognostic Factors in Malignant GCTs An advanced local tumor stage tends to be correlated with an inferior prognosis, because all patients with recurrences had previously suffered from stage T2 tumors, compared with 15 of 22 cured patients. Nevertheless, statistical analysis did not reveal a significant difference between the prognosis of both groups (Fig 2). On the other hand, local therapy, ie, complete tumor resection, was the strongest indicator of tumor control. Even among stage T2 patients, no patient developed a local relapse after a finally microscopically complete tumor resection on primary, secondlook, or delayed surgery. For patients who underwent complete resection, EFS was 0.94 ⫾ 0.06 (19 of 20 patients; median follow-up, 68 months), and overall survival was 1.0 (20 of 20 patients; median follow-up, 75 months). Patients who did not undergo tumor resection or for whom resection was incomplete had both an EFS and overall survival of
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Fig 2. (A) EFS of 26 patients with malignant GCT in correlation with local tumor stage (Kaplan-Meier estimation, generalized Wilcoxon test, P ⴝ .16). (B) EFS of 26 patients with malignant GCT in correlation with distant metastasis (Kaplan-Meier estimation, generalized Wilcoxon test, P ⴝ .09). (C) EFS of 26 patients with malignant GCT in correlation with completeness of resection (Kaplan-Meier estimation, generalized Wilcoxon test, P ⴝ .002). Six tumors were completely resected at diagnosis, 10 patients underwent complete resection on delayed surgery, and four patients underwent complete resection on second-look surgery.



only 0.42 ⫾ 0.33 (three of six patients; median follow up, 6 months; generalized Wilcoxon test, P ⬍ .002). Metastases at diagnosis also indicated an inferior prognosis: EFS for patients with no metastases at diagnosis was 0.93 ⫾ 0.07 (16 of 17 patients; median follow-up, 41



months), whereas EFS for patients with metastases at diagnosis was 0.65 ⫾ 0.17 (six of nine patients; median follow-up, 23 months) (generalized Wilcoxon test, P ⫽ .09). One patient with primary lung metastases suffered from a recurrence at a distant site (brain metastasis) and was
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cured with three cycles of high-dose etoposide chemotherapy (follow-up since relapse, 11 years). Thus overall survival in patients with primary metastases, at 0.78 ⫾ 0.12 (seven of nine patients), was not significantly different from the nonmetastatic patients, with a median follow-up of 76 months (range, 5 to 129 months). Prognosis did not vary between the groups of pure YST and tumors of mixed histology. AFP levels at diagnosis were not correlated with prognosis either. Age at diagnosis did not significantly influence prognosis, although the survival rate was slightly better for children younger than 5 years of age (0.93 ⫾ 0.07; 15 of 16 patients; median follow-up, 51 months) than for children older than 5 years (0.78 ⫾ 0.12; eight of 10 patients; median follow-up, 58 months). Side Effects of Treatment In four patients, a left phrenic palsy was reported, which was documented before surgery in two patients. According to the surgery protocols, the left phrenic nerve that runs close to the pericardium had been coated or infiltrated by the tumor and could not be separated from it. Only one patient with malignant tumor suffered from a right phrenic palsy. One patient with teratoma is suffering from a mild scoliosis. Chemotherapy was associated with acute bone marrow toxicity with severe neutropenia (⬍ 1,000/L, WHO grade 4, 14 patients) and thrombocytopenia (⬍ 25,000/L, WHO grade 4, nine patients). Major infections were reported in three patients. Two patients developed a nephropathy, which was completely reversible in both patients. Peripheral polyneuropathy (grade 1-2) was documented in one patient. One patient, who received eight cycles of cisplatin-containing chemotherapy, suffered from WHO grade 3 hearing loss; in two other patients, a WHO grade 2 nonsubjective hearing loss was documented. One of 19 patients receiving bleomycin suffers from a restrictive ventilatory dysfunction. DISCUSSION



Pediatric GCTs are characterized by a high frequency of nongonadal tumors, which comprise approximately 50% of all GCTs. These tumors arise most commonly at the sacrococcygeal region and in the CNS. In addition, the mediastinal tumors represent an important subgroup that accounts for 3.5% of all pediatric GCTs in the German protocols for testicular and nontesticular GCT. The limited data provided in the literature to date on malignant nonseminomatous mediastinal GCT in children suggest that patients with these tumors have an inferior prognosis compared with patients with malignant GCT at other sites. This judgment may be partly attributed to the studies on adult mediastinal malignant nonseminomatous



GCT, which reported a particularly poor prognosis. A recent review of the largest series of mediastinal GCT in adults summarizes that only 48 (55%) of 88 patients with malignant nonseminomatous GCTs achieved a disease-free status and that only 31 (35%) of 88 patients were long-term survivors.1 In metastatic tumors, the EFS was comparably low (35% among 135 patients with malignant nonseminomatous tumors).7 On the other hand, patients with a mediastinal seminoma had a significantly better prognosis (80% in patients with metastatic disease and 90% in patients with nonmetastatic disease), which was comparable to that of patients with testicular seminoma.7 Therefore, the mediastinal site has been considered an adverse prognostic factor for malignant nonseminomatous GCT in adults.1,7 In children, the largest study of mediastinal GCT included 21 patients who were treated between 1940 and 1984.12 Among 12 patients with teratoma, two patients died as a result of huge inoperable tumors. Seven of nine patients with malignant GCT died from tumor progression, but only three of nine patients received modern cisplatin-based chemotherapy. Apart from this study and several case reports, there are no prospective studies that have focused on pediatric mediastinal GCT. Some patients were included in reports on pediatric nongonadal GCT. Among 93 children who were included in the protocol of the Children’s Cancer Study Group, there were 17 children with malignant mediastinal tumors. Events occurred in 11 of 17 patients, and the mediastinal site seemed to indicate an inferior prognosis compared with the sacrococcygeal and other nongonadal sites.5 These observations are in accordance with a recent study conducted by the French Society of Pediatric Oncology on localized malignant-nonseminomatous GCT in children.4 In this study, the 3-year failure-free survival was 0.57 (four of seven patients), and in the analysis of prognostic factors, the mediastinal site was regarded as an unfavorable prognostic predictor.4 The British GCT protocols GCI and GCII included 15 patients with malignant mediastinal tumors, and the actuarial EFS of these patients was 29% (range, 8% to 64%) for those patients treated with the GCI protocol compared with 88% (range, 53% to 92%) for GCII patients.6 However, in these three reports, there are neither data about the exact amount of the applied chemotherapy in these particular patients nor data on the surgical procedures and the therapeutic strategy (primary v delayed resection). In most children with a presumptive diagnosis of a mediastinal GCT, the diagnosis can be confirmed by radiologic examinations and measurements of the tumor markers AFP and ␤-HCG. In neonates with large anterior mediastinal tumors, the diagnosis of a teratoma is most likely. We did not observe malignant mediastinal GCT in neonates.
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This finding correlates with our observation of the MAKEI studies that malignant GCT of gonadal and nongonadal sites are uncommon in neonates, although some teratoma may show microscopic foci of YST.9 Therefore, the AFP values and their decline after surgery must be compared with the age-related normal range.11 Other possible mediastinal tumors like neuroblastoma, thymoma, or lymphoma should also be excluded (eg, by [125I]metaiodobenzylguanidine scans or bone marrow puncture). A primary surgery is indicated for situations in which a diagnosis still can not be made. Our data confirm that management of mediastinal teratoma is surgical. In case of complete resection of a mature teratoma, there is no role for chemotherapy or radiotherapy. This observation is in accordance with the largest series on mediastinal teratoma. In a study conducted by the Mayo Clinic, 86 patients with mediastinal teratoma who were treated between 1930 and 1981 were evaluated.2 No relapse occurred after surgery, but there was a considerable risk of perioperative mortality (four patients died as a result of surgical complications). We observed a 100% event-free survival after surgery but no surgery-related deaths. Therapeutic advances in modern thoracic surgery and anesthesia may account for the reduction of surgery-related mortality. However, there may still be tumors that are in close proximity to organs of vital importance (eg, heart or aorta) for which radical surgery exposes the patient to a considerable risk. Therefore, some investigators have suggested that in cardiac teratoma, the preservation of vital structures and the restoration of the cardiac function may be more important than the radicality of resection.13 Although we observed no recurrences in the four teratoma patients who underwent microscopically incomplete tumor resection, we presume (in analogy to our data on 329 teratoma in children and adolescents14 ) that these patients are at risk of recurrence. Therefore, we regard a close follow-up of these patients as mandatory. The measurement of the tumor markers AFP and ␤-HCG will guide the further diagnostic and therapeutic strategy for children with suspected mediastinal GCTs. In infants and adolescents who are without underlying hepatic disease, a significant elevation of either AFP or ␤-HCG indicates significant components of YST or choriocarcinoma, respectively, and clearly rules out pure mature teratoma or seminoma. Although other mediastinal tumors like metastatic bronchial or esophageal carcinoma can be associated with moderate AFP elevation in adults,15,16 all AFP- or ␤-HCG–positive mediastinal tumors in children are malignant GCTs.17 In the MAKEI protocols, the therapeutic strategy is directed against the tumor component of highest malig-



nancy, ie, malignant nonseminomatous tumors. According to this strategy, unequivocally elevated tumor markers justify the immediate start of chemotherapy. Therefore, initial surgery is indicated in nonsecreting tumors only. In this situation, the radiologic observation of cystic structures or major calcifications may suggest a teratoma,1 and in these patients, a primary tumor resection will be most appropriate. In other patients with nonsecreting tumors for whom the tumor is unresectable because of size or infiltration of vital organs, a biopsy (open biopsy, mediastinoscopy, or needle biopsy) may help to achieve diagnosis. Nevertheless, it must be considered that in large tumors, the diagnosis may be missed by a small biopsy. We observed one patient with a mediastinal tumor who was diagnosed after needle biopsy. AFP and ␤-HCG were not measured at diagnosis. Histology revealed neuroepithelial structures only and led to the diagnosis of ganglioneuroblastoma. The tumor did not respond to chemotherapy, and the patient received a delayed tumor resection, at which point histology showed mature teratoma. Furthermore, biopsy still exposes the patient to an additional risk, and we observed one patient who developed severe respiratory and cardiovascular collapse during anesthesia for open tumor biopsy and is now suffering from hypoxemic brain damage. Most malignant mediastinal GCTs present as stage T2 tumors that infiltrate the surrounding organs. In our analysis, advanced local tumor stage was associated with a lower chance of complete tumor resection, which has been proven as the most important predictor of local tumor control and outcome. The analysis of the Children’s Cancer Study Group has also demonstrated that an incomplete tumor resection bears an increased risk of local relapses5; the other reports on nongonadal GCTs do not provide data on the prognostic impact of the completeness of resection.4,6 We observed a lower rate of complete tumor resections on primary surgery, and in incompletely resected tumors, a second-look surgery was necessary to achieve long-term remission. Moreover, our data demonstrate that primary chemotherapy resulted in sufficient tumor reduction, thus allowing complete resection on delayed surgery in most patients. Nevertheless, there may be some patients who show only insufficient response to the preoperative chemotherapy. Presumably, these patients will profit from an early preoperative intensification of the local treatment, eg, by thermochemotherapy, which has been shown to strongly enhance local tumor control.18 We are aware that the excellent overall survival of the patients who underwent complete resection may be influenced by a statistical bias, because some high-risk patients with poorly responding tumors may never undergo surgery. Nevertheless, we suppose that the three locally relapsing
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patients who underwent incomplete primary tumor resections would have benefited more from an immediate start of chemotherapy followed by a delayed tumor resection than from an incomplete primary resection and delayed chemotherapy. In conclusion, our data confirm that a complete tumor resection represents the basis of treatment of malignant mediastinal GCT and that adjuvant therapy must therefore aim at this goal. The outlined multimodal therapeutic strategy with preoperative cisplatin-based chemotherapy followed by delayed tumor resection resulted in high con-



tinuous remission rates with justifiable side effects of both surgery and chemotherapy. We now regard the prognosis of children with mediastinal GCT who are treated according to the described strategy as favorable and not different from that of children with malignant GCT at other sites. ACKNOWLEDGMENT We thank all centers who entered their patients onto the cooperative MAKEI studies. We also thank Susanne Dippert for expert data management.
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