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Viable Malignant Cells After Primary Chemotherapy for Disseminated Nonseminomatous Germ Cell Tumors: Prognostic Factors and Role of Postsurgery Chemotherapy—Results From an International Study Group By Karim Fizazi, Sergei Tjulandin, Roberto Salvioni, Jose´ R. Germa`-Lluch, Jeannine Bouzy, David Ragan, Carsten Bokemeyer, Arthur Gerl, Aude Fle´chon, Johann S. de Bono, Sally Stenning, Alan Horwich, Jo ¨rg Pont, Peter Albers, Ugo De Giorgi, Mark Bower, Anatoly Bulanov, Giorgio Pizzocaro, Jorge Aparicio, Craig R. Nichols, Christine The´odore, Jo ¨rg Thomas Hartmann, Hans-Joachim Schmoll, Stanley B. Kaye, Ste´phane Culine, Jean-Pierre Droz, and Cedric Mahe´ Purpose: To assess the value of postsurgery chemotherapy in patients with disseminated nonseminomatous germ-cell tumors (NSGCTs) and viable residual disease after first-line cisplatin-based chemotherapy. Patients and Methods: The outcome of 238 patients was reviewed. Tumor markers had normalized in all patients before resection. A multivariate analysis of survival was performed on 146 patients. Results: The 5-year progression-free survival (PFS) rate was 64% and the 5-year overall survival (OS) rate was 73%. Three factors were independently associated with both PFS and OS: complete resection (P < .001), < 10% of viable malignant cells (P ⴝ .001), and a good International Germ Cell Consensus Classification (IGCCC) group (P ⴝ .01). Patients were assigned to one of three risk groups: those with no risk factors (favorable group), those with one risk factor (intermediate group), and those with two or three risk factors (poor-risk group). The 5-year OS rate was 100%, 83%, and 51%, respectively (P < .001). The 5-year PFS rate was 69% (95% confidence interval [CI], 62% to 76%) and 52% (95% CI, 40% to 64%)



in postoperative chemotherapy recipients and nonrecipients, respectively (P < .001). No significant difference was detected in 5-year OS rates. After adjustment on the three prognostic factors, postoperative chemotherapy was associated with a significantly better PFS (P < .001) but not with better OS. Patients in the favorable risk group had a 100% 5-year OS, with or without postoperative chemotherapy. Postoperative chemotherapy appeared beneficial in both PFS (P < .001) and OS (P ⴝ .02) in the intermediate-risk group but was not statistically beneficial in the poor-risk group. Conclusion: A complete resection may be more critical than recourse to postoperative chemotherapy in the setting of postchemotherapy viable malignant NSGCT. Immediate postoperative chemotherapy or surveillance alone with chemotherapy at relapse may be reasonable options depending on the completeness of resection, IGCCC group, and percent of viable cells. Validation is necessary. J Clin Oncol 19:2647-2657. © 2001 by American Society of Clinical Oncology.
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ERM-CELL TUMORS have become the model for what is considered a chemosensitive and curable neoplasm. With current multimodality therapy, a long-term disease-free status can be expected in about 80% of cases with advanced disease.1,2 In most of the large trials, 45% to 92% of patients achieve a complete response after cisplatinbased chemotherapy alone, whereas a further 2% to 33% achieve this clinical status after subsequent resection of residual metastatic deposits. Among the patients who re-



quire postchemotherapy surgery once tumor markers (␣fetoprotein [AFP], human chorionic gonadotrophin [HCG], and lactate dehydrogenase [LDH]) have normalized, about 50% have only necrosis in residual masses, about 35% have teratoma, and approximately 15% (range, 6% to 37%) have residual viable malignant cells.3-20 Fossa et al21 also reported identical proportions in their review of the medical literature. Overall, these rates do not seem to be modified by surgery according to the site of metastasis.8,13,16,17,21
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Discordant histologic findings have, however, been reported for metastases to the lung and the retroperitoneum,22 a point that has already been extensively reviewed by Stenning et al.20 The presence of viable cells in completely resected residual masses has been designated a “surgical complete response” (sCR) and this status carries the worst prognosis compared with the presence of mature teratoma or necrosis alone.4,13,14,16,20,22-24 On the basis of published reports, approximately two thirds of the patients with viable malignant cells will be long-term disease-free survivors, but no study published to date has sufficient power to corroborate this figure. Indeed, series reporting the outcome of more than 30 patients are rare.11,13 Not only are such studies few and far between but an analysis of prognostic factors in patients with viable malignant cells has never been performed. Therefore, it is still uncertain whether patients should be classified into subgroups with a specific prognosis that may be helpful for postoperative therapeutic management. Moreover, no standard strategy exists for the management of patients with viable malignant cells in residual masses. Since the study by Einhorn et al,24 which reported a dismal outcome for all the 18 patients with viable tumor at postchemotherapy surgery who received no further therapy, many investigators4,7-9,13,25,26 have opted for the routine use of postoperative “adjuvant” chemotherapy. No compelling evidence exists to confirm whether adjuvant chemotherapy for consolidation is justified in this setting, and some authors have recently challenged this approach.27,28 The authors who recommend postoperative chemotherapy routinely use two cycles, but this number is purely empiric. Some teams administer the induction regimen postoperatively (usually avoiding bleomycin) because they believe that the disease was resected too early and is still sensitive to the induction drugs.13,18,24 Others recommend a different regimen instead, because they believe that viable malignant cells found during histologic analysis signify at least partial drug resistance, therefore necessitating salvage chemotherapy.8,25,29 All these factors prompted our decision to conduct a retrospective analysis of the long-term outcome, prognostic factors, and possible impact of the postoperative therapeutic policy on patients with viable cancer after postchemotherapy surgery of residual masses on the basis of a large international sample. The analysis was conducted according to a preestablished strategy, as recommended,30 to limit the risk of bias related to retrospective studies. PATIENTS AND METHODS This is an international, multicenter, retrospective study. Eligibility criteria were as follows: male subjects treated consecutively in



the investigator’s institution from January 1980 to January 1996, histologically proven nonseminomatous germ-cell tumor (NSGCT) (or diagnosis made on the basis of elevated serum markers and a presentation compatible with germ-cell tumor [GCT]), advanced disease (stage I excluded), the presence of evaluable or measurable disease at the time of initiation of chemotherapy, first-line cisplatinbased or carboplatin-based chemotherapy, persistent lesions after first-line chemotherapy, normalization of tumor markers (AFP, HCG, and LDH) at the time of postchemotherapy surgery, partial or complete excision of residual masses, and evidence of viable malignant cells (except for mature teratoma) at histopathologic examination of residual masses. Patients with residual viable NSGCT containing malignant non-GCT neoplasms such as sarcoma and adenocarcinoma, usually designated as “teratoma with malignant transformation,”31,32 were included in the study. A complete resection was defined as a complete excision of all residual masses and no recurrence within 1 month of surgery. An incomplete resection was defined as an incomplete resection of one or more residual masses or a recurrence within 1 month of surgery, including elevated serum tumor markers (adapted from Fox et al13). Pathologists from each institution were asked to review the slides when no information was available on the proportion of viable cells. This proportion was a rate obtained by examining available material. As an example, when there were only residual foci of viable cells, the proportion was typically considered to be roughly 5%. Investigators were asked to provide data on the primary tumor site and histologic type, the prognostic group according to the International Germ Cell Consensus Classification (IGCCC),33 first-line chemotherapy, sites concerned by postchemotherapy surgery, the type of surgery (complete or incomplete), histologic components of residual masses, the percentage of viable cells in residual masses, morbidity related to surgery, postsurgery chemotherapy, and postsurgery radiotherapy and follow-up information including data on relapse and survival. Data collection was finalized in March 1999. Univariate and multivariate analyses of survival were performed. Progression-free (PFS) and overall survival (OS) rates were estimated by the Kaplan-Meier method. For survival analysis, follow-up started at the date of postchemotherapy surgery. The log-rank test and the Cox proportional hazards regression model were used for unadjusted and adjusted survival analysis, respectively.



RESULTS



Patient Characteristics and Treatment Three collaborative groups, namely, the French Study Group of Genito-Urinary Tumors (GETUG), the Spanish Germ Cell Cancer Group (SGCCG), and the Medical Research Council (MRC), as well as 12 institutions from Europe and the United States participated in the study. Two hundred thirty-eight patients fulfilling the study criteria were recruited over a 16-year period. Their characteristics are listed in Table 1. Various chemotherapy regimens were used during this period and are listed in Table 2. Most patients (97%) received cisplatin-based first-line chemotherapy, whereas the remaining 3% received carboplatin-based chemotherapy. The median number of chemotherapy cycles was four (range, two to nine). The sites of residual masses and the
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Patient Characteristics



Table 2.



Characteristic



Age, years Median Range Primary tumor site Testis Retroperitoneum Mediastinum Histologic components in the primary tumor Seminoma Embryonal carcinoma Yolk-sac tumor Choriocarcinoma Syncytiotraphoblastic cells Mature teratoma Immature teratoma Undifferentiated tumor Other Serum markers prior to initial chemotherapy HCG, IU/L Median Range Missing values AFP, ng/mL Median Range Missing values LDH, IU/L Median Range Missing values IGCCC Favorable Intermediate Poor Missing value



No.



%



26.7 14.1-50.7 212 13 13



90 5 5



46 160 90 29 20 83 67 19 6



20 68 39 12 9 35 29 8 3



63 0-1,990,000 27 11 285 0-172,860 21



9



492 114-3,530 93 39 83 67 51 37



First-Line Chemotherapy Regimens Patients



Patients (N ⫽ 238)



Regimens



No.



%



BEP PVB VAB-6 EP VIP (PEI) or VeIP BOMP/EPI CISCA/VB POMB/ACE BOP/VIP Other cisplatin-based Carboplatin-based



84 33 30 20 8 5 4 2 2 43 7



35 14 13 8 3 2 2 1 1 18 3



Abbreviations: BEP, etoposide, cisplatin, bleomycin; PVB, vinblastine, cisplatin, bleomycin; VAB-6, vinblastine, cisplatin, actinomycin, bleomycin; EP, etoposide, cisplatin; VIP, etoposide, cisplatin, ifosfamide; VeIP, vinblastine, cisplatin, ifosfamide; BOMP/EPI, bleomycin, vincristine, methotrexate, cisplatin/etoposide, ifosfamide, cisplatin; CISCA/VB, cisplatin, doxorubicin, cyclophosphamide/vinblastine, bleomycin; POMB/ACE, cisplatin, vincristine, methotrexate, bleomycin/dactinomycin, cyclophosphamide, etoposide; BOP/ VIP, bleomycin, vincristine, cisplatin/etoposide, cisplatin, ifosfamide.



neuroectodermal tumor (two patients), neuroblastoma (two patients), Wilms’ tumor (two patients), squamous carcinoma (one patient), chondrosarcoma (one patient), and neuroendocrine differentiation (one patient). Of 238 patients recruited in the study, 166 (70%) received postsurgery adjuvant chemotherapy. Only five patients (2%) received postsurgery radiotherapy (with or without chemotherapy) delivered to sites of residual masses.



41.5 33 25.5 Table 3.



Postchemotherapy Surgery Patients



details concerning the surgical status are listed in Table 3. The main sites concerned by resection were the retroperitoneal lymph nodes (83%) and lung metastases (21%). Only one site (eg, retroperitoneal nodes or lung) was resected in most patients (76%). There were no operative deaths. Pathologic slides of residual masses were reviewed in the investigators’ institutions in 89% of cases. The residual histologic components (apart from necrosis, fibrosis, and mature teratoma) were embryonal carcinoma (49%), immature teratoma (27%), undifferentiated tumor (19%), yolk sac tumor (16%), choriocarcinoma (5%), seminoma (3%), syncytiotrophoblastic cells (3%), and non– germ-cell neoplasms (6%). The non– germ-cell histologic components included sarcoma (four patients), adenocarcinoma (four patients), rhabdomyosarcoma (three patients), peripheral



Sites of postchemotherapy residual masses Retroperitoneal lymph nodes Lung Mediastinum Cervical nodes Liver Bone Brain Other sites Surgical status Complete resection Incomplete resection Unknown Number of sites concerned by surgery 1 2 3 4



No.



%



198 65 35 9 5 2 1 9



83 27 15 4 2 1 0.5 4



187 45 6



78.5 19 2.5



180 49 8 1



76 21 3 0.5



2650 Follow-Up and Survival With a median follow-up of 7.2 years (range, 1.2 to 17.4), 5-year PFS is 64% (95% confidence interval [CI], 58% to 70%) and 5-year OS is 73% (95% CI, 67% to 79%). Eighty-three patients (35%) had progressive disease or a recurrence and eight (3.5%) had a growing teratoma syndrome.34 One hundred seventy-five patients were alive at the last follow-up visit and 63 had died. The causes of death included disease progression in 56 (89%), treatment-related toxicity in six (9.5%), and mediastinal NSGCT-related leukemia35 in one patient (1.5%). Analysis of Survival Variables considered for the univariate analysis included the patient’s age, tumor site and histologic type, serum tumor marker levels and the IGCCC prognostic group before chemotherapy, sites of postchemotherapy residual masses, the resection status, histologic components, and proportion of viable malignant cells in residual masses. The median proportion of viable malignant cells in residual masses was 9% (range, 1% to 99%) and a cutoff of 10% was used in the analysis. Results of the univariate analysis for PFS and OS are listed in Table 4. The histologic subtypes of viable NSGCT in residual masses were not predictors of survival (data not shown). On the basis of the univariate analysis, a Cox proportional hazards regression analysis was performed to adjust for prognostic factors. Variables attaining a P value of 0.10 in the univariate analysis were included in the multivariate analysis. The analysis was performed on 146 patients with completely available data. Three variables were found to be independent favorable factors predictive of both PFS and OS: complete surgery, less than 10% of viable malignant cells, and a favorable IGCCC group (Table 5). The proportion of viable cells was also analyzed as a continuous variable: this factor was found to be a prognostic parameter for both PFS (P ⬍ .04) and OS (P ⬍ .001). Risk Groups According to the Prognostic Model The three variables identified as prognostic factors in the multivariate analysis were used to define a prognostic index. As the relative risks associated with the prognostic factors were similar, this prognostic index amounts to counting the number of adverse factors in each individual. Patients were assigned to one of three risk groups (Table 6): those with no risk factors (favorable group), those with one risk factor (intermediate group), and those with two or three risk factors (poor-risk group). Only three relapses (9%) occurred in the favorable group (n ⫽ 32). These three patients were subsequently treated with salvage therapy and were alive and disease-free at the last follow-up visit at 1⫹, 5⫹, and 9⫹ years
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since their relapse. These results are highly satisfactory compared with the 17 relapses (29%) in the intermediate group (n ⫽ 59) and the 32 (58%) in the poor-risk group (n ⫽ 55). All patients in the favorable group, which represented 22% of the patient population, were alive at the last follow-up visit. In contrast, 5-year overall survival was 83% and 51% in the intermediate and in the poor-risk groups, respectively. There was a significant difference in PFS (P ⬍ .001) and OS (P ⬍ .001) between the three risk groups. OS curves for patients in these categories are shown in Fig 1. Postoperative Treatment and Outcome Postoperative chemotherapy had been administered to 166 patients (70%). Fifty-six patients (34%) had received the induction regimen (with or without bleomycin), 98 patients (59%) had been given a different regimen from induction chemotherapy, and 12 (7%) had received a regimen containing high-dose chemotherapy with stem-cell rescue. The policy used to determine the administration of postoperative chemotherapy for viable malignant cells in residual masses after first-line chemotherapy was quite consistent within the same institution. Some investigators (eg, in Indianapolis and Oslo) had usually given two cycles of postoperative induction chemotherapy (excluding bleomycin). In contrast, some others had given salvage regimens (eg, Villejuif, Mu¨nchen, Ravenna, investigators in the French group), or either the induction or a salvage regimen (eg, Moscow; Tu¨bingen; Charring Cross, London). Finally, some investigators had managed their patients by surveillance alone (eg, Milan from 1987 onward). Some patients in institutions that had routinely administered postoperative chemotherapy had been managed by surveillance alone either because they had refused treatment or because of toxicity. The postoperative regimens are listed in Table 7. A median of two cycles had been administered (range, one to 11). Only seven patients (4%) had received more than four cycles. Three (2%) toxicity-related deaths occurred. Postoperative radiotherapy had been delivered to five patients (2%), some of whom also received chemotherapy. Relapses during the first month after resection (seven patients) were excluded to avoid a potential source of bias in the analysis of a possible impact of postoperative chemotherapy on survival. In the group of 65 patients who had been managed by surveillance alone, 26 had relapsed (40%) and 13 of them had died (50%). Among postoperative chemotherapy recipients, 50 of the 166 had relapsed (30%), and 37 had died (74%). Comparison of survival curves using the log-rank test indicated significantly better PFS for postoperative chemotherapy recipients compared with nonrecipients (P ⬍ .001). The 5-year PFS was 69% (95% CI, 62% to 76%) and 52% (95% CI, 40% to 64%), respectively.
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Variable



Age ⱕ 28 years ⬎ 28 years Primary tumor site Mediastinum Other Serum tumor markers HCG ⱕ 5,000 IU/L ⬎ 5,000 IU/L AFP ⱕ 1,000 ng/mL ⬎ 1,000 ng/mL LDH ⱕ 1.5 upper normal threshold ⬎ 1.5 upper normal threshold IGCCC Good Poor or intermediate Sites of residual masses Abdominal nodes



5-Year PFS



5-Year OS



No. of Patients (N ⫽ 238)



%



127 110



61 67



53-69 57-77



.38



70 76



62-78 68-84



.26



14 224



43 65



17-69 59-71



.12



43 75



30-56 69-81



⬍ .01



179 32



65 56



57-73 38-74



.19



75 67



69-81 49-85



.44



151 66



66 56



58-74 44-68



.25



75 65



67-83 53-77



.10



79 66



66 59



54-78 47-71



.17



76 66



66-86 54-78



.27



83 118



77 57



67-87 47-67



⬍ .001



87 66



79-95 58-74



⬍ .002



198



63 65 48 66 65 61



57-69 49-81 30-66 60-72 57-73 49-73



.93



74 67 62 74 72 74



68-80 51-93 46-78 68-80 64-80 62-86



.63



187 51



68 53



60-76 41-65



⬍ .03



74 69



66-82 57-81



.34



187 45



71 37



65-76 23-51



⬍ .001



79 44



73-85 28-60



⬍ .001



27 211



88 61



74-100 55-67



⬍ .01



92 70



80-100 64-76



⬍ .02



87 75



71 55



61-81 43-67



⬍ .03



82 63



72-92 53-73



⬍ .005



Mediastinum



35



Lung



65



No. of sites of residual masses 1 ⬎1 Surgical status Complete Incomplete Histologic components of residual masses containing viable cells Immature teratoma alone Other Proportion of viable malignant cells in residual masses ⬍ 10% ⱖ 10%



Univariate Analysis of Survival



However, no significant difference (P ⫽ .66) was found in OS, with 5-year OS rates attaining 74% (95% CI, 67% to 81%) and 70% (95% CI, 59% to 81%) for postoperative chemotherapy recipients and nonrecipients, respectively. Survival curves are shown in Figs 2 and 3. No significant interaction was found between postoperative chemotherapy and the three prognostic factors previously identified in multivariate analysis (data not shown). Effect of Postoperative Chemotherapy on Survival To take into account variability in the patients’ prognosis, postoperative chemotherapy had to be adjusted on prognos-



P



95% CI



⬍ .05 .58



%



P



95% CI



.15 .67



tic factors. “Postoperative chemotherapy” was included in the Cox model as a variable, as well as the three independent prognostic factors (Table 8). Postoperative chemotherapy was associated with a significantly better PFS (P ⬍ .001), but OS did not benefit (P ⫽ .26). Another analysis was performed after exclusion of patients with immature teratoma (with or without mature teratoma) and no other malignant GCT component. Similar results were obtained: postoperative chemotherapy was associated with a better PFS in univariate analysis (P ⬍ .01) and in multivariate analysis (relative risk [RR], 0.39; 95% CI, 0.14 to 0.57; P ⬍ .0004). However, there was no benefit
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Multivariate Analysis of Survival PFS



Unfavorable Prognostic Factors



Incomplete surgery Viable malignant cells ⱖ 10% Poor or intermediate IGCCC



Risk Ratio



95% CI



2.75 2.25 2.58



1.51-4.98 1.28-3.94 1.34-4.97



OS



P



⬍ .001 .005 .005



in OS in univariate analysis (P ⫽ .96), nor was there any benefit in multivariate analysis (RR, 0.56; 95% CI, 0.23 to 1.37; P ⫽ .20). We analyzed the effect of postoperative chemotherapy on PFS and OS according to patient assignment to risk groups, as defined by our prognostic index. We were aware that this might induce a bias because this study was not designed to stratify patients prospectively into risk groups. Results are listed in Table 9. Patients allocated to the favorable-risk group had an excellent outcome, with a 100% 5-year survival rate. Only three of them (9%) had relapsed: two had been managed by surveillance alone, whereas the last one had received postoperative chemotherapy. All three had obtained a second complete remission after salvage therapy. These excellent results argue against the use of postoperative chemotherapy in this subgroup with an excellent prognosis. In the intermediate-risk group, a significant benefit was demonstrated in terms of PFS (84% v 42%, P ⬍ .001) and OS (88% v 56%, P ⫽ .02) in postoperative chemotherapy recipients compared with those who had been managed by surveillance alone. In contrast, there was no apparent benefit in terms of PFS and OS in the poor-risk group. Effect of Postoperative Chemotherapy on Survival in Patients With a Complete Resection After first-line chemotherapy, many investigators usually separate patients with a complete resection and viable malignant cells at histologic analysis (designated sCR) from those with an incomplete resection and the same histologic features (usually classified as incomplete responses). Therefore, the putative role of postoperative chemotherapy was assessed in patients with a complete resection (n ⫽ 119). Results showed that the two prognostic factors in our prognostic index (the proportion of viable malignant cells Table 6.



Risk Ratio



95% CI



P



3.82 3.31 3.22



1.94-7.52 1.62-6.78 1.32-7.82



⬍ .001 .001 .01



and the initial IGCCC prognostic group) remained significant for both PFS and OS. A statistically significant benefit was demonstrated for PFS (P ⫽ .003) with postoperative chemotherapy but not for OS (P ⫽ .19), and this was similar to that found in the overall population. Role of Postoperative Regimens Twelve patients who had received the induction regimen as postoperative chemotherapy had relapsed (21.4%), and seven (58%) of them had died. Thirty-eight of the 109 who had received a postoperative regimen different from the induction regimen (including those who had received highdose chemotherapy followed by stem-cell rescue) had relapsed (35%) and 30 (79%) had died. A comparison of these results was not performed because some investigators (eg, those from Moscow, Tu¨bingen, and London) had administered either the induction regimen or a salvage regimen postoperatively, according to various criteria (eg, quality of the clinical response and type of the induction regimen). DISCUSSION



Several studies have addressed the subject of the prognosis after resection of residual masses after chemotherapy for advanced NSGCT6,8,14,16,20,25 but, to our knowledge, this is the first multivariate analysis of survival to focus on patients with viable malignant cells. Long-term relapse-free survival has been reported to exceed 85% in cases of necrosis or mature teratoma alone,4,5,9,14,20,24 whereas it ranges from 27% to 80% when viable malignant cells are present at resection.4-7,9,11,14,16,20,22 In this report, we show that 5-year PFS and OS attain 64% and 73%, respectively, in patients with postchemotherapy viable NSGCT. We found that three independent factors could accurately predict both progression and survival: complete resection of



Prognostic Index 5-Year PFS



5-Year OS



Risk Group



No. of Adverse Factors



Patients (%)



%



95% CI



%



95% CI



Favorable Intermediate Poor



0 1 ⱖ2



22 40 38



90 76 41



79-100 65-87 28-54



100 83 51



73-93 37-65
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Fig 2. Fig 1. Overall survival of patients with postchemotherapy viable malignant cells from NSGCTs according to their allocation into risk groups.



residual masses, less than 10% of viable malignant cells, and a good prognostic group according to the IGCCC. The identification of these factors led us to develop a simple prognostic index that can be used to establish the prognosis for each patient and to facilitate the interpretation of reports. Several authors, like us, have emphasized the importance of complete resection of residual masses.7,10,13,14,16,22,25 This has been shown to be an independent prognostic factor in three multivariate analyses.14,20,25 The completeness of resection is correlated with the initial tumor burden.10,16 Resection of other tumor sites (eg, lung metastasis) is highly recommended when mature teratoma is detected at retroperitoneal node dissection.34 Whether it should also be completed when only necrosis is found in residual masses is



Table 7.



Postoperative Chemotherapy Regimens



Progression-free survival according to postsurgery treatment.



still debated.17,36 Conversely, with an absolute 5-year survival difference of 35%, our data strongly support the indication for completing the resection when viable malignant cells are discovered. Residual masses at multiple sites signal a delicate operation that should prompt investigators to refer their patients to a center with extensive experience in the management of GCTs.36 When complete resection of residual masses containing viable cancer is not feasible, mostly for anatomic reasons, some authors recommend salvage chemotherapy,2,8,16 although the value of such treatment has yet to be established, since survival remains poor in this setting.2,13,20 The proportion of viable malignant cells after chemotherapy was also found to be an independent factor predictive of progression and survival. In contrast to previous reports in osteosarcoma,37 the quantitative assessment of postchemotherapy viable cancer has not been extensively studied as a prognostic factor in NSGCT. This is probably related to the limited number of such cases because no previous study had enough power to analyze this subject. Recently, Stenning et



Patients (N ⫽ 166) Regimens



No.



%



EP VIP (PEI) VeIP VAB-6 PVB BEP BOMP/EPI BOP/VIP Other cisplatin-based Carboplatin-based



31 25 19 18 14 11 3 2 39 4



19 15 11 11 8 7 2 2 23 2



Abbreviations: EP, etoposide, cisplatin; VIP, etoposide, cisplatin, ifosfamide; VeIP, vinblastine, cisplatin, ifosfamide; VAB-6, vinblastine, cisplatin, actinomycin, bleomycin; PVB, vinblastine, cisplatin, bleomycin; BEP, etoposide, cisplatin, bleomycin; BOMP/EPI, bleomycin, vincristine, methotrexate, cisplatin/etoposide, ifosfamide, cisplatin; BOP/VIP, bleomycin, vincristine, cisplatin/etoposide, cisplatin, ifosfamide.



Fig 3.



Overall survival according to postsurgery treatment.
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Multivariate Analysis of Postsurgery Chemotherapy PFS



Variable



Risk Ratio



Completion of surgery Complete surgery Incomplete surgery Proportion of viable malignant cells ⬍ 10% ⱖ 10% IGCCC Good risk Poor or intermediate risk Postsurgery chemotherapy Yes No



OS



95% CI



Postsurgery Chemotherapy



Prognostic Group Favorable Yes No Intermediate Yes No Poor Yes No



Risk Ratio



95% CI



P



1 3.10



1.69-5.7



.0003



1 3.51



1.63-7.56



.001



1 2.94



1.62-5.33



.0004



1 3.41



1.56-7.49



.002



1 2.66



1.37-5.15



.004



1 2.89



1.17-7.12



.02



0.17-0.54



.0001



0.27-1.44



.26



0.30 1



al,20 in their report on a series of 23 patients, suggested that the risk of disease progression increased with the proportion of malignant GCTs. The IGCCC prognostic classification is now widely recognized as the staging standard for GCTs. Here we show for the first time that this classification also has a prognostic significance in patients with postchemotherapy viable malignant cells. This indicates that even when tumor markers have normalized after chemotherapy, an aspect of the prognosis is still related to initial data and mostly to the initial tumor burden. A high HCG serum level and the extent of disease had already been recognized as independent parameters of prognostic significance after resection of residual masses before the publication of the IGCCC.25 The classification of postchemotherapy immature teratoma-containing masses is often ambiguous. Some authors usually classify postchemotherapy histologic components into three categories, namely, complete fibrosis/necrosis, mature teratoma, and viable cancer.1,4,15,17,19 The two former categories of patients are expected to have a favorable outcome, although it is not always clear whether those with masses containing immature teratoma and no other Table 9.
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malignant component should be classified in the second or in the third prognostic category. Histologic studies have suggested that teratomatous lesions may display severe cytologic atypia in both mesenchymal and epithelial elements after chemotherapy,38,39 and in consequence, some investigators do not classify these features as viable cancer.13,20 In order to elucidate this point, we included patients with immature teratoma alone (with or without mature teratoma) into this study. The univariate analysis showed a better PFS and OS in patients with immature teratoma alone, compared with those with nonteratomatous viable NSGCT after chemotherapy. However, this parameter did not attain significance in the multivariate analysis. Excluding patients with immature teratoma and no other malignant component in residual masses did not modify the results of the analysis on the role of postsurgery chemotherapy. Ideally, a randomized study would be required to address the role of postsurgery chemotherapy in this setting. However, 16 years were required to collect 238 patients from nine countries and 35 institutions, for this study. Moreover, the largest series reported to date totaled 43 patients.13 This shows how rare patients with postchemotherapy viable malignant



Survival According to Postsurgery Chemotherapy and Risk Group Assignment P



5-Year OS (%)



95% CI



P



100 100



— —



—



.0005



88 56



78-98 18-94



.02



.43



55 60



39-71 29-91



.69



No. of Patients



5-Year PFS (%)



95% CI



18 14



94 84



83-100 64-100



.41



47 12



84 42



73-95 14-70



39 11



45 45



29-61 15-75



2655



VIABLE CELLS AFTER CHEMOTHERAPY FOR NSGCT



NSGCT are and why a prospective randomized study devoted to such cases is unlikely to be conducted in the future. Although it is not randomized, our study was designed to assess the role of postoperative chemotherapy by multivariate analysis after adjustment on prognostic factors. Our results suggest that patients who receive postoperative chemotherapy can expect a better PFS than nonrecipients of postoperative chemotherapy, but survival is not improved. In 1981, Einhorn et al24 reported on 22 patients with postchemotherapy viable NSGCT. Two of four postoperative chemotherapy recipients were long-term survivors, whereas all the others died. Adjuvant chemotherapy was then adopted as standard practice in some centers.26 More recently, the issue of postoperative chemotherapy has once again fueled debate. Investigators in Milan retrospectively compared 17 patients with viable NSGCT after induction chemotherapy who had received postoperative chemotherapy with 13 other patients who had been managed by surveillance alone. Seven patients (41%) in the treated group had relapsed subsequently and had died of disease, whereas six patients (46%) in the group under surveillance had relapsed and three of them had died. As there was no apparent difference in relapse and survival, these authors called into question the role of postoperative chemotherapy.27,28 In another recent study, no clear benefit was found with adjuvant postoperative chemotherapy in patients with viable NSGCT after first-line chemotherapy: nine of 15 patients who received adjuvant chemotherapy relapsed subsequently, as did five of eight who were managed by surveillance only.20 Of note, most of the patients reported in the series reported here were treated at the end of the 1980s and the beginning of the 1990s, a period when potentially curative second-line chemotherapy was available. Such was not the case in older reports.24 Long-term disease-free survival was reported in 23% to 60% of patients who had progressed or relapsed after first-line chemotherapy, when cisplatin plus ifosfamide– containing salvage regimens were used.40-45 The place of immediate high-dose chemotherapy with autologous stem-cell support has not been assessed in this setting, although anecdotal cases have been reported.46 The use of efficient salvage chemotherapy at relapse in patients who had simply undergone surveillance after resection of viable NSGCT in our study could explain the lack of a difference in survival between them and recipients of immediate postoperative chemotherapy. In actual fact, 13 of 26 (50%) patients who had relapsed in the former group had subsequently been salvaged by second-line therapy and were long-term survivors, compared with only 13 of 50 (26%) in the latter group. In other words, two options appear legitimate in the treatment policy for patients with postchemotherapy viable NSGCT: adjuvant chemotherapy immediately after resection (the classic two cycles) or



surveillance with salvage chemotherapy at relapse (four cycles). The advantages of this two-sided policy are that, on the one hand, the risk of relapse is reduced (immediate chemotherapy), and on the other hand, pointless chemotherapy is avoided in two thirds of patients (chemotherapy at relapse). Our findings are strikingly consistent with the results of the study reported by Williams et al47 on the management of resected stage II NSGCT. In their study, there was no difference in survival between patients who received immediate adjuvant chemotherapy and those who underwent surveillance, with chemotherapy at relapse. Our analysis of the effect of postoperative chemotherapy on survival according to patient assignment in prognostic subgroups provided striking results: an apparent benefit in survival was seen in patients allocated to the intermediate group only. We cannot eliminate that this might be the result of a bias, since patients were not randomly allocated to receive or not receive postoperative chemotherapy.30 Another explanation is that postoperative chemotherapy may only benefit patients with good-prognosis and still chemosensitive tumors (namely, those allocated to our favorable and intermediate-risk groups). Conversely, those allocated to the unfavorable group and with perhaps highly chemoresistant clones may not benefit. In this hypothesis, the favorable effect of postoperative chemotherapy may also exist in patients allocated to the favorable group, but is actually hidden by the overall very good prognosis of this subgroup of patients (PFS, 90%; OS, 100%). In conclusion, we found that three parameters exert a prognostic influence in patients with postchemotherapy viable malignant NSGCTs: one is related to initial tumor characteristics (the IGCCC subgroup), the second is related to both tumor behavior and the efficacy of first-line chemotherapy (the proportion of viable malignant cells), and the third is related to the quality of postchemotherapy management (namely, a complete resection). Physicians cannot modify the first parameter. They may, however, have a partial impact on the second and they should do their best to optimize the third one. In the future, we plan to validate our prognostic index on a separate set of patients. Finally, this study suggests that patients with viable NSGCTs after first-line chemotherapy who are assigned to the favorable group are at a very low risk of relapse (three of 32, 9%) and are all potentially curable (32 of 32 in our series), with or without postoperative chemotherapy. Therefore, postoperative chemotherapy may be avoided in this favorable-risk group, although this will require a validation in a separate group of patients. ACKNOWLEDGMENT We thank Lorna Saint Ange and Dr Luis A. Martinez for editing the manuscript.
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APPENDIX The following investigators also participated in the study: Dr. Richard Foster, Indianapolis; Dr Agne`s Laplanche, Ste´phanie Garcia-Acosta and Dr Marie-Jose´ Lacombe, Villejuif; Pr Guy Vallancien and Dr Bertrand Guillonneau, Paris; Dr Josep Guma, Dr Emilio Esteban, Dr Pilar Lianes, Dr Antonio Fernandez, Dr Ramon Salazar, Dr Xavier Garcia del Muro, and Dr Emilio Alba, Spain; Dr Pierre Biron, Lyon; Pr Sophie Fossa, Oslo; Dr Bill Jones, Leeds; Dr Ben Mead, Southampton; Dr W.F. Hendry, Dr Cyril Fisher, and Dr Connie Parkinson, Surrey; Dr Maria De Santis, Vienna; Dr Alexander Go¨ll, Berlin; Dr Maurizio Marangolo and Dr Anna Cariello, Ravenna; Pr Pierre Kerbrat, Rennes; Dr Christine Chevreau, Toulouse; Dr Armelle Cathy, Lille; Dr Louis-Marie Dourthe and Dr Jacques Merrer, Paris; Dr Lionel Geoffrois, Nancy; and Pr Jacques Aubert, Poitiers.
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