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Purpose

Post-chemotherapy retroperitoneal lymph node dissection (pcRPLND) for residual nodal masses is a critical component of care in metastatic testicular germ cell tumour (GCT). However, the procedure is not of therapeutic value in up to 50% of individuals in whom histopathology demonstrates post-treatment necrosis or fibrosis alone. Improved diagnostic tools and clinicopathologic features are needed to separate individuals who benefit from pcRPLND and avoid surgery in those who do not.



Methods

A prospectively registered meta-analysis of studies reporting clinicopathologic features associated with teratoma, GCT and/or necrosis/fibrosis at pcRPLND for metastatic non-seminoma GCT (NSGCT) was undertaken. We examined the effect of various clinicopathologic factors on the finding of necrosis/fibrosis at pcRPLND. The log odds ratios (ORs) of each association were pooled using random-effects models.



Results

Using the initial search strategy, 4,178 potentially eligible abstracts were identified. We included studies providing OR relating to clinicopathologic factors predicting pcRPLND histopathology, or where individual patient-level data were available to permit the calculation of OR. A total of 31 studies evaluating pcRPLND histopathology in 3,390 patients were eligible for inclusion, including two identified through hand-searching the reference lists of eligible studies. The following were associated with the presence of necrosis/fibrosis at pcRPLND: absence of teratomatous elements in orchidectomy (OR 3.45, 95% confidence interval [CI] 2.94-4.17); presence of seminomatous elements at orchidectomy (OR 2.71, 95% CI 1.37-5.37); normal pre-chemotherapy serum bHCG (OR 1.96, 95% CI 1.62-2.36); normal AFP (OR 3.22, 95% CI 2.49–4.15); elevated LDH (OR 1.72, 95% CI 1.37-2.17); >50% change in mass during chemotherapy (OR 4.84, 95% CI 3.94-5.94); and smaller residual mass size (<2 cm versus >2 cm: OR 3.93, 95% CI 3.23-4.77; <5 cm versus >5 cm: OR 4.13, 95% CI 3.26-5.23).



Conclusions

In this meta-analysis, clinicopathologic features helped predict the presence of pcRPLND necrosis/fibrosis. Collaboration between centres that provide individual patient-level data is required to develop and validate clinical models and inform routine care to direct pcRPLND to individuals most likely to derive benefits.



Systematic Review Registration

https://www.crd.york.ac.uk/prospero/, identifier CRD42021279699
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Introduction

Improvements in survival for individuals diagnosed with testicular germ cell tumour (GCT) have been heralded as one of the most significant advances within oncology (1, 2). GCT most commonly affects younger people, and with an ever-growing survivorship cohort, increasing attention is being placed on reducing the treatment-related morbidity given the potential wide-ranging consequences that can occur many years after cure (3, 4).

The resection of residual, post-chemotherapy masses >1 cm in marker-negative, advanced non-seminomatous GCT (NSGCT) continues to form an important part of the treatment paradigm. Owing to the risks associated with residual teratoma or viable GCT harboured within residual masses after chemotherapy, the aggressive resection of residual disease is the recommended approach in international consensus guidelines (5–8). However, post-chemotherapy retroperitoneal lymph node dissection (pcRPLND) is associated with a range of specific risks including pain, intraoperative vascular or lymphatic injury and ejaculatory dysfunction (9–12). Whilst pcRPLND is critically important in the 10%–15% and 40%–45% of individuals whose specimens contain residual viable GCT or teratoma, respectively (13, 14), improved diagnostic tools and algorithms are required to predict which individuals require pcRPLND and spare the remaining individuals with fibrosis/necrosis from unnecessary treatment from which they derive no therapeutic benefit. 

Predictive models to guide decision-making regarding the appropriate selection for pcRPLND have been available for at least two decades (15–17). Clinicopathologic variables such as orchidectomy histology, particularly the presence of teratoma, pre-chemotherapy serum tumour marker levels and size of residual mass have all been reported to help predict histopathology at pcRPLND (5, 18). Accordingly, clinical models that provide weighting to each covariate have been developed (15–17). However, a lack of prospective cohorts evaluating these models has limited their use and a meta-analysis of contemporary datasets has not been performed. Thus, we performed a meta-analysis of existing literature to validate which clinicopathologic variables accurately predict pcRPLND histopathology and aid patient selection for surgery.



Materials and methods


Search strategy and study eligibility criteria

We searched PubMed/Medline, Embase and the Cochrane Central Register of Controlled Trials to identify studies that investigated pcRPLND histopathology in NSGCT. The search was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was prospectively registered with the International Prospective Register of Systematic Reviews (PROSPERO) (CRD42021279699) (19). Any studies with the keywords retroperitoneal (OR) lymphadenectomy (OR) node dissection (OR) RPLND, (AND) testicular (OR) germ cell (OR) non-semin*, (AND) post-chemo* (AND) histo* (OR) viable (OR) terato* (OR) patho* were retrieved. The last search update was performed on 17 May 2022.

All studies reporting histopathological outcomes at pcRPLND for metastatic NSGCT, where odds ratios (ORs) relating to clinicopathologic variables predicting necrosis or fibrosis were either reported or able to be calculated from individual patient-level data were included in the meta-analysis.

After the removal of duplicates, two investigators screened the abstracts from each database to identify potentially eligible studies for a full-text review. Pre-defined exclusion criteria including reviews, expert opinions, case reports, irrelevant topics (i.e. pure seminoma or non-germ cell tumour, primary RPLND) and non-English language were applied during screening. The initial search yielded 4,178 articles, and after the application of exclusion criteria, 348 potentially eligible studies remained available for a full-text review.

Articles that were considered potentially eligible were retrieved in full text and reviewed to confirm eligibility. Any discrepancies were discussed, and consensus reached. Reference lists from all eligible studies were surveyed to identify other potentially eligible studies that may have been missed during screening (n=2). Following a review of the full text of the 348 studies, 293 citations (84%) were excluded from the analysis. The most common reason for exclusion was an incorrect population or outcome of interest or inadequate patient-level data to permit OR calculation. An additional 25 (7%) studies were excluded during data extraction due to overlapping datasets. A total of 31 studies, including 2 sourced from the reference lists of eligible papers, were included in the meta-analysis (see Figure 1). 




Figure 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).





Data extraction

For each eligible trial, we recorded in an electronic spreadsheet the first author’s name, journal, year of publication, sample size, pcRPLND histopathology and clinicopathologic variables including orchidectomy histology, disease stage, International Germ Cell Cancer Collaborative Group (IGCCCG) prognostic groups, serum tumour marker elevation [including beta-human chorionic gonadotropin (bHCG), alpha-fetoprotein (AFP) and lactate dehydrogenase (LDH)], residual mass size and change in the mass size during chemotherapy, where applicable. Where reported, we also collected pre-calculated ORs relating to predictive factors for necrosis or fibrosis at pcRPLND (with no associated teratoma or viable GCT). 95% confidence interval (CI) were reported. The risk of bias was evaluated using the Quality in Prognosis Studies tool (20) for all eligible articles across domains including participation, attrition, outcome measurement, confounding and statistical reporting.

The primary analysis comprised a pooled analysis of studies reporting or permitting calculation of ORs for clinicopathologic variables predicting necrosis/fibrosis at pcRPLND.



Statistical analysis

We performed an aggregate patient data meta-analysis. The log OR effect estimates of each clinicopathologic factor on necrosis/fibrosis was pooled using the DerSimonian and Laird random effects model, with confidence intervals computed using the Cornfield method. Heterogeneity was estimated by comparing the result of each study with a Mantel–Haenszel fixed-effect meta-analysis result and assessed using the using the I² statistic. Publication bias was assessed using funnel plots and Egger’s test to look for small study effects. Analyses were conducted using Stata version 15.1 with the ‘metan’ and ‘metafunnel’ packages.




Results


Eligible studies

A total of 31 studies, including 3,390 individual patients were considered eligible for the analysis (15, 17, 21–49) (see Table 1). Patients were considered eligible for inclusion in the meta-analysis if they had NSGCT and underwent pcRPLND [± additional surgical resection(s)] for a residual mass, and clinicopathologic data were available. The meta-analysis of clinicopathologic variables predicting necrosis/fibrosis at pcRPLND, including orchidectomy histology, IGCCCG prognostic groups, pre-chemotherapy serum tumour marker elevation, residual mass size and other clinicopathologic features was conducted where there were two or more studies with the required information were eligible. Notably, two studies that evaluated different clinicopathologic variables in overlapping patients were included amongst these 31 papers (15, 32); however, both papers were not included in the same analysis of any covariate, and the larger dataset (32) formed the analysis of patient characteristics.


Table 1 | Summary of eligible studies.





Patient characteristics

Clinicopathologic factors were reported variably between studies. Of the 3,390 eligible patients, the reported age range at pcRPLND was 6–71 years old. The IGCCCG prognostic group was recorded in 1,033 (30%) patients, and 605 (59%), 211 (20%) and 217 (21%) participants had IGCCCG good-, intermediate- and poor-risk disease, respectively. Staging at enrolment was documented in a minority of participants only (10%). Of those where serum tumour markers were reported, AFP and bHCG were elevated prior to chemotherapy in at least 68% and 63% of patients, respectively.

Histopathology at orchidectomy and pcRPLND was variably documented, with some studies reporting the presence or absence of histologic subtypes within mixed tumours and others reporting predominant histologic subtypes only or grouping histologic subtypes, for example, NSGCT, not otherwise specified (NOS), non-teratoma NSGCT or simply not necrosis/fibrosis. Overall, orchidectomy histology was described in 3,290 (97%) patients, with teratoma being the most reported histologic subtype (n=1,507, 46%), followed by NSGCT, NOS (n=1,110, 34%). The most common histopathology reported at pcRPLND was necrosis/fibrosis (n=1,352, 40%), with a relative minority of patients having teratoma (n=1,107, 33%) or viable tumour reported (n=238, 7%) within the specimen.

All participants received chemotherapy prior to RPLND; however, the line of treatment, number of cycles, and choice of chemotherapy was variably documented between studies. Of those where the line of treatment was documented, 94% of participants received first-line chemotherapy prior to surgery (n=965). Where chemotherapy was documented, bleomycin, etoposide, cisplatin (BEP) was the most common regimen (n=321, 56%).



Orchidectomy histology and post-chemotherapy retroperitoneal lymph node dissection histopathology

Twenty-three studies (15, 17, 21, 22, 24–31, 33, 34, 37–42, 44, 45, 47) evaluating the impact of orchidectomy histology on pcRPLND histopathology were included in the analysis, including a meta-analysis of relevant studies (50–60). The presence of teratomatous elements within the orchidectomy sample was analysed in 20 studies (15, 17, 21, 22, 24–29, 31, 33, 34, 37, 39–41, 44, 45, 47), and 2,438 patients did not predict necrosis/fibrosis at pcRPLND (OR 0.29, 95% CI 0.24-0.34) over residual teratoma or viable GCT at pcRPLND (see Figure 2A). The presence of seminoma at orchidectomy (as a component of mixed GCT) was evaluated in nine studies (21, 22, 27, 28, 30, 33, 34, 41, 45) and 208 patients and was also shown to be predictive of necrosis/fibrosis at pcRPLND (OR 2.71, 95% CI 1.37-5.37) (see Figure 2B).




Figure 2 | Forest plot of eligible studies evaluating relationship between presence of teratomatous elements (A) and seminoma (B) within orchidectomy and necrosis/fibrosis at pcRPLND.



In contrast, necrosis/fibrosis at pcRPLND could not be reliably predicted over residual teratoma or viable GCT by the presence of other histopathologies within the orchidectomy sample, including embryonal carcinoma (OR 0.87, 95% CI 0.46-1.66) (17, 28–30, 33, 34, 42, 45) or yolk sac tumour (OR 1.25, 95% CI 0.62-2.50) (22, 28, 30, 33, 34, 38, 41, 42, 45), where there was no significant association between these variables and necrosis/fibrosis at pcRPLND (see Supplements 1A- B).



Pre-chemotherapy serum tumour marker level and pcRPLND histopathology

A total of nine studies including 2,053 patients addressed the issue of the predictive value of pre-chemotherapy serum tumour marker levels on necrosis/fibrosis at pcRPLND (15, 17, 23, 28, 30, 33, 37, 40, 42), including the aforementioned meta-analysis (15). Necrosis/fibrosis was significantly more likely to be identified in post-chemotherapy residual masses when compared with teratoma or viable GCT when AFP (OR 3.22, 95% CI 2.49-4.15) (15, 17, 28, 30, 37, 40, 42) or bHCG (OR 1.96, 95% CI 1.62-2.36) (15, 17, 28, 33, 37, 40, 42) were normal at the commencement of chemotherapy. In contrast, normal LDH prior to chemotherapy was negatively associated with this necrosis/fibrosis at pcRPLND (OR 0.58, 95% CI 0.46-0.73) (15, 17, 23, 33, 37, 40) (see Figures 3A–C).




Figure 3 | Forest plot of eligible studies evaluating relationship between normal AFP (A), bHCG (B) and LDH (C) and necrosis/fibrosis at pcRPLND.





Change in mass size during chemotherapy and histopathology

A reduction in mass size during chemotherapy was evaluated consistently in five studies as a predictor of residual mass histopathology (27, 28, 32, 37, 40), with each study permitting the development of an OR of less than or greater than 50%, 70% and/or 90% reduction in mass size during chemotherapy.

In an analysis of four studies (28, 32, 37, 40), which addressed the predictive value of less than or greater than 50% reduction in mass size during chemotherapy and included 1,912 patients, a greater than 50% reduction in mass size was strongly predictive of necrosis/fibrosis over residual teratoma or viable GCT when compared to those with less than 50% reduction in mass size (OR 4.84, 95% CI 3.94-5.94) (see Figure 4A). Similarly, in the analyses of studies evaluating less than or greater than 70% (27, 28, 32, 37, 40) and 90% (27, 28, 40) reduction in mass size, masses undergoing greater change were more likely to represent necrosis/fibrosis than residual teratoma or viable GCT when compared to masses undergoing lesser change (≥70%: OR 4.36, 95% CI 3.49-5.44; ≥90%: OR 2.19, 95% CI 1.16-4.11) (see Figures 4B, C).




Figure 4 | Forest plot of eligible studies evaluating relationship between ≥50% (A), ≥70% (B) and ≥90% (C) change in mass size during chemotherapy and necrosis/fibrosis at pcRPLND.





Post-chemotherapy residual mass size and histopathology

The size of residual mass was evaluated in several eligible papers; however, only 10 studies utilising consistent parameters for the measurement of the residual mass were evaluable (15, 17, 34, 36–38, 40, 42–44). Each evaluable paper described the measurement of the longest transverse (axial) dimension to assign patients to groups defined as: less than or greater than 2 cm and less than or greater than 5 cm. Notably, Vergouwe et al. (37) included 136 (12%) patients proceeding to pcRPLND with residual masses <1 cm.

Ultimately, in an analysis of seven studies (15, 17, 36–38, 40, 42), which addressed the predictive value of a residual mass size of less than or greater than 2 cm for necrosis/fibrosis and included 2,126 patients (including 6% with post-chemotherapy residual masses <1 cm), a residual mass size of <2 cm was significantly associated with necrosis/fibrosis over residual teratoma or viable GCT when compared with residual masses measuring >2 cm (OR 3.93, 95% CI 3.23-4.77). When a residual mass size of less than or greater than 5 cm was analysed in eight studies and 2,132 patients (15, 17, 34, 37, 40, 42–44), a residual mass of <5 cm was also predictive of necrosis/fibrosis at pcRPLND (OR 4.13, 95% CI 3.26-5.23) (see Figures 5A, B).




Figure 5 | Forest plot of eligible studies evaluating relationship between residual mass size <2cm (A), <5cm (B) and necrosis/fibrosis at pcRPLND.





International Germ Cell Cancer Collaborative Group prognostic group and post-chemotherapy retroperitoneal lymph node dissection histology

The predictive value of IGCCCG prognostic groups for pcRPLND necrosis/fibrosis was evaluable in six studies of 794 patients (35, 36, 46–49) (see Supplement 2). There was no significant association of necrosis/fibrosis at pcRPLND between IGCCCG good-risk NSGCT compared to IGCCCG intermediate-risk (OR 0.97, 95% CI 0.48-1.97), poor-risk (OR 0.72, 95% CI 0.40-1.31), and intermediate- or poor-risk disease (OR 1.12, 95% CI 0.66-1.93).



Studies of heterogeneity and publication bias

Apart from the analyses of the relationship between pcRPLND histopathology and the IGCCCG prognostic group, which revealed moderate heterogeneity (I2 = 35%–52%), there was minimal heterogeneity amongst the eligible studies in other analyses (I2 = 0%–13.5%). Small-study effects were not detected for any pooled analyses (see Supplement 3).




Discussion

The aggressive resection of residual masses in advanced NSGCT represents an integral component of treatment for many patients (5). pcRPLND shields them from risks associated with growing teratoma syndrome, late relapse, or progressive malignancy; however, pcRPLND exposes up to half of patients with post-chemotherapy residual masses to the short- and long-term hazards of surgery with no therapeutic value (13, 14). While clinicopathologic factors predicting pcRPLND histopathology have been published (5, 18), this is the first meta-analysis to comprehensively summarise contemporary literature of the value of clinicopathologic variables in predicting necrosis/fibrosis.


Principal findings

We confirmed several key clinical findings reported in earlier studies (5, 18). Clinicopathologic factors associated with necrosis/fibrosis rather than teratoma or viable tumour within the residual mass at pcRPLND included: the absence of teratomatous elements in orchidectomy; a greater change in mass size during chemotherapy and a smaller size of post-chemotherapy residual mass; seminoma as a component of a mixed GCT resected at orchidectomy; and normal serum bHCG and AFP at the commencement of chemotherapy. The single clinicopathologic variable most predictive of necrosis/fibrosis was a >50% change in mass size during chemotherapy, which was 4.8× more likely to contain necrosis/fibrosis than teratoma/viable tumour at pcRPLND, when compared to masses undergoing <50% change during chemotherapy. Notably, the IGCCCG prognostic group did not significantly interact with pcRPLND histopathology. This has been identified previously in the abstract form where IGCCCG prognostic groups had little effect in predicting the pcRPLND pathology in a retrospective German series of 392 patients (61). Whilst some studies reported the presence of lymphovascular invasion (17, 62) in the orchidectomy sample as an additional predictor of pcRPLND histopathology, we were unable to include it in our meta-analysis as insufficient patient-level data were available to permit the calculation of OR for these covariates. The incorporation of craniocaudal lymph node length (63) as a predictor of pcRPLND histopathology was also not possible based on eligible studies; however, it would be important in the design of prospective studies of this issue.



Strengths and limitations of the study

Our study has several strengths. Firstly, the meta-analysis was conducted using a prospectively registered protocol and in accordance with PRISMA guidelines. Secondly, it incorporated citations from the three most comprehensive databases within the field and it is unlikely that citations have been inadvertently excluded from consideration. Finally, the analysis represents data from 3,390 eligible patients and is the largest analysis of clinicopathologic variables predicting pcRPLND histopathology in NSGCT, providing a platform to propel ongoing research in this area.

However, we acknowledge a number of limitations. Firstly, as the eligible studies were almost exclusively retrospective in their design, confounding variables, such as the choice of chemotherapy regimen and number of cycles was not routinely captured. Additionally, many studies evaluated alternative primary endpoints whilst reporting pcRPLND histopathology and as such, there were significant amounts of missing data. Furthermore, due to changes in staging systems and treatment patterns during the lifetime of the eligible studies, the impact of the disease stage and chemotherapy type on pcRPLND histopathology was unable to be evaluated. This speaks to the potential issue of heterogeneity within datasets, which has plagued the existing clinical models of this issue (5). However, heterogeneity was generally considered to be low in our analysis, except for the IGCCCG prognostic group. Additionally, the inclusion of a small number of participants with residual masses less than 1 cm (15, 37) and stage 1S disease [n=1 (46)], which lies outside current treatment recommendations, introduces possible bias. Additionally, the large dataset by Vergouwe at al (37). contributed a significant amount of weight (up to 55%) to some OR calculations exposing them to potential issues; however, funnel plots reassuringly demonstrated minimal publication bias. Studies only permitting the calculation of the predictive value of clinicopathologic variables for teratoma and not necrosis/fibrosis were also excluded, given the limited clinical relevance where the treatment of alternate histopathology is strictly divergent.



Implications for clinicians

Whilst our study evaluated almost 3,400 patients and was able to identify several clinicopathologic factors that predict necrosis/fibrosis, insufficient patient-level data were a recurrent barrier to study inclusion and will be required to aggregate clinically relevant models in the future. In rare tumours like testicular cancer, collaborative networks are needed to transform care. Existing clinical models have evaluated upwards of 1,500 patients cumulatively (15, 17, 37) and offer high specificity (>96%) and concordance (C-index >0.7) when predicting benign histology (necrosis/fibrosis) at pcRPLND. Unfortunately, each model has problems with diagnostic accuracy with false negatives, which may relate to the inclusion of heterogeneous populations recruited and analysed over several decades while the patterns of care change (5, 64). Additionally, these models lack prospective validation and clinical guidelines largely have not included them and continue to recommend the resection of all post-chemotherapy residual masses >1 cm in NSGCT provided that serum tumour markers are normal or plateauing (6–8). Where patients receiving treatment for testicular cancer will, on average, gain three decades of life following curative treatment (1), the risk of misclassifying an individual’s risk of residual teratoma or viable GCT is significant. Collaboration between leading centres treating testicular cancer will be required to move this forward in the coming years.

Meanwhile, pcRPLND continues to be a cornerstone of management for patients with NSGCT with residual masses (65, 66) erring on the side of over-treatment and preservation of cure. Historically, an open pcRPLND ensuring complete resection within a short time frame from the end of chemotherapy has been the preferred approach; however, robotic strategies are increasingly utilised in some centres to limit specific post-operative complications, such as the length of stay and post-operative pain and ileus (12, 67), but require an ongoing prospective evaluation to ensure equivalent oncologic outcomes. Regardless of the surgical strategy, referral to a high-volume centre specialising in pcRPLND is strongly recommended (8) to aid in clinical decision-making, limit potential complications, and improve the chances of a cure.

Newer techniques are required to allow a safe de-escalation of therapies in testicular cancer with a view to directing treatment towards those most likely to yield benefits and protecting the quality of life in survivors (2). One potential approach in the evaluation of post-chemotherapy residual masses in advanced NSGCT (68) is the use of microribonucleic acids (miRNAs). miR-371a-3p, -373-3p and -367-3p have been evaluated and demonstrate relatively higher serum levels when residual viable tumour was identified at pcRPLND. Unfortunately, in the same analysis, miR-371a-3p was unable to differentiate between necrosis/fibrosis and teratoma, which classically expresses lower levels of miR-371 compared to other testicular cancer subtypes, leaving an area of clinical need (69), and the studies of miR-375 have also yielded variable results (70, 71). No studies of miRNA were eligible for our analysis, and research into other candidate biomarkers is also underway (72–75).

In summary, this meta-analysis of clinicopathologic variables predicting necrosis/fibrosis at pcRPLND in NSGCT has confirmed the presence of important clinicopathologic factors, which may assist in directing personalised treatment to patients, whilst other technologies are awaited. A collaboration between key international research groups to contribute individual patient-level data, as well as the inclusion of novel molecular techniques, is required to develop and prospectively validate a clinical model for use in the clinic.
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Supplement 3 | Funnel plots of publication bias in analyses of (A) primary teratoma, (B) primary seminoma, (C), normal pre-chemotherapy AFP, (D) normal pre-chemotherapy bHCG, (E) normal pre-chemotherapy LDH, (F) greater than or equal to 50% change in mass during chemotherapy, (G) greater than or equal to 70% change in mass during chemotherapy, (H) greater than or equal to 90% change in mass during chemotherapy, (I) residual mass size less than or greater than 2cm, and (J) residual mass size of less than or greater than 5cm for necrosis/fibrosis at pcRPLND.
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Ledo (2018) 0.44 (0.19, 1.00) 759 184
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