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Introduction Late relapse (LR) of testicular germ cell tumor (TGCT) is a relatively rare event with limited 
data to help refine evidence-based decision-making. This individual patient data meta-analysis aims  
to analyze disease characteristics, treatment modalities, and factors affecting oncological outcomes  
of TGCT patients suffering from LR.
Material and methods A systematic search and individual patient data gathering was performed.  
The primary end points were disease-free survival (DFS) and cancer-specific survival (CSS).
Results A total of 12 studies, comprising 240 patients, were selected for review. In multivariable analy-
sis, surveillance as primary management of TGCT was associated with a higher risk of retroperitoneal 
LR (OR  = 10.08, 95% CI: 2.34–43.31). On univariable analyses, longer time to LR, LR multiplicity,  
and chemotherapy (as the sole treatment of LR) were significantly associated with worse DFS and CSS, 
while pure teratoma at LR, teratoma element at LR, surgery (as the sole treatment of LR), and surgery-
based combination treatment of LR were significantly associated with better DFS and CSS. Salvage 
chemotherapy for LR was associated with worse DFS and CSS compared to first-line chemotherapy  
in multivariable cox regression analysis (HR = 13.03, 95% CI: 1.13–150.25). Two decision-tree models 
are proposed to help shared decision making regarding chemotherapy-based vs surgery-only and 
surgery-based versus combination treatments; the accuracies of these models were 0.94 and 0.88.
Conclusions Available data suggest a benefits to surgery alone or surgery-based combination therapy 
compared to chemotherapy alone for LR of TGCT. We propose decision-tree models to help clinical 
decision-making in TGCT patients with LR.
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Introduction

Late relapse (LR) of testicular germ cell tumor 
(TGCT) is a rare event, characterized by disease 
relapse occurring more than two years after com-
pleting treatment; its incidence is 1.4% for patients 
with seminoma and 3.2% for those with non-sem-
inomatous germ cell tumors (NSGCT) [1]. This 
disease state is highly complex and heterogeneous 
rendering it a very challenging entity to manage 
adequately. There is, indeed, little high-quality evi-
dence to help guide clinical decision-making.
Despite LR often being diagnosed when the patient 
exhibits symptoms, the impact of symptom pres-
ence on oncological outcomes remains unclear [2, 3].  
In addition, the potential benefits of detection  
of recurrence at an earlier time remains uncertain 
[4]. Furthermore, the varied patterns of metastasis 
(type, location, and number), coupled with the ad-
verse pathologic findings (i.e., histology) pose chal-
lenges in determining the optimal treatment of LR 
in TGCT patients.
While surgery remains a cornerstone of treatment, 
discussions around salvage chemotherapy protocols 
and high-dose chemotherapy have shown promise. 
The surgical resection when the tumor is resect-
able, as this approach can enhance survival rates. 
In cases where the disease is extensive and not suit-
able for surgery, systemic chemotherapy may be 
necessary. Prognosis varies significantly; studies 
indicate that around 68% of patients survive three 
years after a late recurrence, but those with vital 
malignant tumors generally have poorer survival 
rates compared to patients with teratoma or necro-
sis, who can achieve a 10-year cause-specific surviv-
al rate of up to 100% [4–7]. Identifying the optimal 
treatment strategy for each patient is particularly 
challenging, especially when taking into account 
both the effectiveness of treatment and the adverse 
events/safety of each treatment strategy.
Therefore, in this systematic review and individu-
al patient data (IPD) meta-analysis, we conducted  
a comprehensive investigation and analysis of dis-
ease characteristics and factors influencing oncolog-
ical outcomes associated with LR. Specifically, our 
study aimed to explore treatment approaches, striv-
ing to identify the most effective therapeutic proto-
cols associated with improved oncological outcomes.

MATERIAL AND METHODS

Search strategy

We conducted this systematic review and meta-
analysis according to the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses 
(PRISMA) protocol [8, 9]. We used the popula-
tion, intervention, comparator, outcome, and study 
design (PICOS) to define the eligibility criteria.  
The studies were considered eligible if they includ-
ed patients with late relapse of testicular germ cell 
tumor (population) who received various treatment 
modalities (intervention) compared to patients re-
ceiving alternative treatments or different manage-
ment approaches (comparator) to evaluate disease-
free survival (DFS) and cancer-specific survival 
(CSS) (outcomes) in individual patient data meta-
analyses (study design). A full electronic literature 
search using PubMed, Scopus, Web of Science,  
and Cochrane Library was performed by two in-
dependent authors in December 2023 to find stud-
ies assessing disease characteristics, treatments 
and oncological outcomes of patients with LR  
of TGCT. After the primary screening based on study 
title and abstract, all full-text papers were assessed  
and excluded with reasons. Any discrepancies were 
resolved by referring to the senior author. The fol-
lowing terms were used in our search strategy: 
(testicular germ cell tumor OR testicular cancer  
OR testis tumor OR testis cancer) AND (late relapse 
OR late recurrence). The protocol of this system-
atic review and meta-analysis was registered in the 
International Prospective Register of Systematic  
Reviews database (CRD42024501175).
 
Inclusion and exclusion criteria

The following criteria were considered to select eli-
gible studies: prospective or retrospective studies 
including full text regarding IPD on disease charac-
teristics and treatments in LR of TGCT with onco-
logical survival outcomes as endpoints. We excluded 
studies in other than English, case reports, review 
articles, replies, expert opinions, and comment let-
ters. If more than one report of the same cohort  
of patients existed, only the largest or most recently 
published study was included. Oncological outcome 
of DFS and CSS were the primary outcomes of in-
terest. The secondary endpoints were LR anatomi-
cal patterns and pathological findings. 

Data extraction

Two authors extracted the data from all eligible 
studies. We used se the available IPD from each 
study by reviewing the main article and its supple-
mentary materials. This includes raw patient-level 
data, which consists of individual clinical measure-
ments and detailed patient information. The infor-
mation contained the following characteristics: first 
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author’s name, publication year, region, recruit-
ment period, study design, number of patients with 
available clinical and survival data, chemotherapy 
regimen in primary and relapsed disease treat-
ment, mean time to LR, and mean follow-up time. 
All available IPDs for disease characteristics, treat-
ments, and oncological outcomes were retrieved for 
analysis. All discrepancies regarding data extrac-
tion were resolved by consensus among co-authors.

Statistical analyses

Analysis of clinicopathologic features

Baseline characteristics were tabulated with de-
scriptive statistics for the population. Continuous 
variables were reported as mean and standard devia-
tion (SD). Multivariable logistic regression analysis 
was used to assess the relationship between clinico-
pathologic factors and LR anatomical patterns and 
pathological findings in patients with LR of TGCT. 
The Stata logistic regression nomogram generator 
was employed to create a predictive model for retro-
peritoneal lymph node involvement at LR.

Analysis of oncological survival outcomes

Univariable and multivariable Cox regression mod-
els addressed the association of clinicopathologic 
factors such as age, primary clinical stage, primary 
treatment (post-orchiectomy), time to LR, symp-
tomatic LR, LR site, LR multiplicity, re-relapse, 
tumor marker level at LR, LR pathology, and  
LR treatment with DFS and CSS. We used the Ka-
plan–Meier method and log-rank tests to compare 
survival outcomes between groups. Statistical anal-
yses for analysis of oncological survival outcomes 
and clinicopathologic features were performed us-
ing STATA/MP 17 (Stata-Corp.). All tests were two 
sided, and p-values < 0.05 were considered statisti-
cally significant.

Decision-tree modelling

Decision-tree modelling of individual patient data 
was performed to identify patients who benefit from 
different LR therapeutic modalities with the target 
variable of DFS. Python 3.11.0 was used to gener-
ate the tests and then selects the optimal sequence  
of decisions based on the information taken from 
the individual characteristics and its relevance  
to the response variable. We split dataset into two 
subsets of training and test sets and used the ran-
dom seed in the relevant functions or classes to en-
sure reproducibility through the machine learning 

algorithms including decision trees. The patient 
characteristics assessed in the model were primary 
testicular pathology, primary clinical stage (CS), 
primary treatment, relapse site, relapse pathology, 
and relapse multiplicity. Patients with unavailable 
data on these variables were excluded. Decision 
Trees’ Accuracy showed the accuracy metric associ-
ated with a decision tree model. In decision trees 
implemented in Python, entropy measures the 
uncertainty or impurity in a dataset, guiding fea-
ture selection for splitting nodes. Samples are the 
individual data points used for training, consisting  
of features and target labels, with their quality in-
fluencing model performance. Value refers to specif-
ic attribute values that determine how data is split 
at each node, while class denotes the target variable 
that the decision tree aims to predict.

Risk of bias assessment

The RoB assessment of each study was performed 
by 2 independent authors according to the Cochrane 
Handbook for Systematic Reviews of Interven-
tions for including nonrandomized studies [10, 11].  
The overall RoB level was presented as “low,” high, 
or “unclear risk.” We used Review Manager Ver-
sion 5.3 (RevMan Computer program, Version 5.3 
Copenhagen: The Nordic Cochrane Centre, The Co-
chrane Collaboration, 2014) to design RoB assess-
ment graph.

RESULTS 

Literature search process

A total of 699 articles were identified by our initial 
literature search and 172 duplicates were removed. 
Then, 485 and 30 articles were excluded after title/
abstract evaluation and full-text reading, respec-
tively (Figure 1). This left 12 studies comprising 
240 patients for this systematic review and IPD 
meta-analysis.

Studies and patients’ characteristics

All studies had a retrospective design and were 
published between 1988 and 2016. The majority  
of reports came from Europe [2, 3, 6, 7, 12–16], 
with only two [17, 18] and one [19] studies com-
ing from North America and Asia, respectively. The 
Mean time to LR ranging from 56 to 118 months. 
Furthermore, the mean follow-up time ranging 21  
to 99 months (Table 1). Table 2 provides a sum-
mary of patient and tumor characteristics from 
studies assessing disease features and treatments  
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in patients with TGCT experiencing LR. The RoB 
assessment indicated an intermediate to high level  
of bias across the studies (Suppl. Figure 1).

Primary clinicopathologic features  
and late relapse anatomical patterns

Primary CS I was significantly associated with 
higher risk of retroperitoneal LR compared to other 
clinical stages (OR = 2.67, 95% CI: 1.39–5.15), while 

CS II was significantly associated with lower risk  
of retroperitoneal LR (OR = 0.53, 95% CI: 0.29–0.98)  
in univariable analysis. Primary testicular pathol-
ogy of seminoma was significantly associated with 
higher risk of lymphatic LR compared to other path-
ological findings (OR = 3.64, 95% CI: 1.20–10.83) 
in univariable analysis. Moreover, management  
of primary disease with surveillance was signifi-
cantly associated with higher risk of retroperitoneal  
LR compared to other therapeutic managements 

Figure 1. PRISMA individual patient data (IPD) flow diagram for article selection process to analyze the disease characteristics 
and oncological outcomes of patients with late relapsed testicular germ cell tumor.
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teratoma element in primary testicular pathol-
ogy was significantly associated with higher risk  
of pure teratoma at LR compared to other patho-
logical findings (OR = 2.51, 95% CI: 1.27–4.97) in 
univariable analysis. Management of primary dis-
ease with surveillance was significantly associated 
with lower risk of pure teratoma at LR compared 
to other therapeutic managements (OR = 0.17, 
95% CI: 0.04–0.65), while combination of surgery 
and chemotherapy was significantly associated with 
higher risk of pure teratoma at LR (OR = 6.51, 95% 
CI: 2.40–17.65) in univariable analysis. Surgery-
based primary treatment was associated with high-
er risk of pure teratoma at LR compared to non-sur-
gery-based treatments in univariable (OR = 7.42,  
95% CI: 2.73–20.14) and multivariable (OR = 13.22,  
95% CI: 1.36–128.27) analysis. Moreover, lon-
ger time to LR was significantly associated with 
lower risk of pure teratoma at LR in univariable  
(OR = 0.98, 95% CI: 0.98–0.99) and multivariable 
(OR = 0.98, 95% CI: 0.96–0.99) analysis (Suppl. 

(OR = 7.56, 95% CI: 2.78–20.56) in univariable 
analysis. In multivariable analysis, surveillance 
as the primary management of TGCT was as-
sociated with higher risk of retroperitoneal LR  
(OR = 10.08, 95% CI: 2.34–43.31) (Suppl. Table 
1). Figure 2 shows a logistic regression nomogram  
for prediction of retroperitoneal LR probability 
(single site or as a part of multiple relapse pattern) 
in patients with TGCT.

Primary clinicopathologic features  
and pathological finding at late relapse

Primary CS I was significantly associated with 
lower risk of pure teratoma at LR compared to oth-
er clinical stages (OR = 0.18, 95% CI: 0.07–0.45)  
in univariable analysis. Primary testicular pathol-
ogy of pure teratoma was significantly associated 
with higher risk of pure teratoma at LR compared 
to other pathological findings (OR = 3.62, 95% CI: 
1.50–8.72) in univariable analysis. Furthermore, 

Table 1. Study and treatment characteristics of 12 studies assessing the disease characteristics and treatments in patients 
with late relapse of testicular germ cell tumor

Author Year Region Recruitment 
period Design Ptsa CT regimen in 

primary treatment CT regimen at relapse Mean time to LR  
[months]

Mean follow-up 
[months]

Borge [12] 1988 Europe 1972–1982 Retrospective 15 CVB, VACAM CVB, VACAM 73 21

Ravi [6] 1997 Europe 1978–1994 Retrospective 6 BEP MBOP, TIP, BEP, POMB/
ACE, oral Etoposide 74 21

Michael [18] 2000 North 
America NA Retrospective 91 NA NA 85 58

Shahidi [13] 2002 Europe 1979–1993 Retrospective 14 PVB, BEP, BOP, EP, 
Carboplatin NA 106 52

Kuczyk [14] 2004 Europe 1979–1995 Retrospective 14 NA NA 56 57

Muramaki [19] 2005 Asia 1977–2001 Retrospective 6 BEP, BVA, HD-ICE, 
VAB-6

BEP, EP, HD-ICE,  
VAB-6 65 64

Ronnen [17] 2005 North 
America 1989–2001 Retrospective 8 VAB, BEP, EP TIP 98 43

Geldart [15] 2006 Europe 1980–2004 Retrospective 20 BEP, VIP, PVB, BOP TIP, VIP 108 44

Oldenburg [2] 2006 Europe 1971–1997 Retrospective 25 CVB, HOP, BEP, CEB, 
CAOS, EP, VIP, BOP

CVB, EP, HOP, BEP, 
Carboplatin, VIP,  

Taxol, BOP
73 99

Nolan [16] 2010 Europe 1989–2008 Retrospective 9 NA BEP, BOP 77 50

Mayer [7] 2011 Europe NA Retrospective 12 BEP, PVB, VB, PD PEI, oral Etoposide, 
HDCTb 89 50

Mortensen [3] 2016 Europe 1984–2007 Retrospective 20 NA BEP 118 NA

a Patients with available data for individual patient data meta-analysis
b 3 × standard PEI or standard paclitaxel, ifosfamide, cisplatin followed by a single high-dose regimen with autologous blood stem cell support

BEP – bleomycin, etoposide, cisplatin; BOP – bleomycin, vincristine, cisplatin; BVA – bleomycin, vinblastine, actinomycin D; CAOS – cyclophosphamide, actinomycin-D, 
oncovin, sendoxan; CEB – carboplatin, etoposide, bleomycin; CVB – cisplatin, vinblastine, bleomycin; CT – chemotherapy; EP – etoposide, cisplatin; HDCT – high dose 
chemotherapy; HD-ICE – high-dose IFX CBDCA, NA – not available; HOP – holoxan, oncovin, cisplatin; LR – late relapse; MBOP – methotrexate, bleomycin, oncovin, 
cisplatin; POMB/ACE – cisplatin, vincristine, methotrexate, bleomycin, actinomycin D, cyclophosphamide, etoposide; PD – cisplatin, doxorubicine;  
PEI – paclitaxel, ifosfamide, cisplatin; PVB – cisplatin, vinblastine, bleomycin; TIP – paclitaxel, ifosfamide, cisplatin; VP-16; VAB-6 – vinblastine, actinomycin D, bleomycin, 
cyclophosphamide, cisplatin; VAB – vinblastine, dactinomycin, cyclophosphamide, bleomycin, cisplatin; VACAM – vincristine, doxorubicin, cyclophosphamide, 
dactinomycin, medroxyprogesterone acetate; VB – vinblastine, bleomycin; VIP –  etoposide, ifosfamide, cisplatin
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to LR (HR = 1.004, 95% CI: 1.001–1.007), LR mul-
tiplicity (HR = 1.99, 95% CI: 1.21–3.26), mixed 
germ cell and non-germ cell tumor at LR pathology  
(HR = 2.09, 95% CI: 1.02–4.26), and chemotherapy 
as the sole treatment of LR (HR = 3.14, 95% CI: 
1.70–5.79), were significantly associated with worse 
DFS. Moreover, pure teratoma at LR pathology  
(HR = 0.31, 95% CI: 0.17–0.58), teratoma element 
at LR pathology (HR = 0.38, 95% CI: 0.23–0.65), 
surgery as the sole treatment of LR (HR = 0.41, 
95% CI: 0.22–0.73), and surgery-based LR treat-
ment (HR = 0.87, 95% CI: 0.18–4.14) were sig-
nificantly associated with better DFS (Figure 3).  
On log-rank test and unadjusted Cox model, lon-
ger time to LR (HR = 1.004, 95% CI: 1.000–1.008),  

Table 2). The Kaplan–Meier curves showed that 
patients who underwent surveillance for primary 
disease were at a significantly lower risk of non-
germ cell tumor at LR pathology compared to other 
treatments, while primary management with che-
motherapy was significantly associated with higher 
risk of non-germ cell tumor at LR pathology com-
pared to other treatments (Suppl. Figure 2).

Clinicopathologic features and oncological 
survival outcomes at late relapse

Data on oncological survival outcomes was sup-
plied for 12 studies including 206 patients. On log-
rank test and unadjusted Cox model, longer time  

Table 2. Summary of patient and tumor characteristics of 12 studies assessing the disease characteristics and treatments  
in patients with late relapse of testicular germ cell tumor

Characteristic Na Result

High tumor marker at late relapse (AFP) [n (%)]
Yes
No

105 41 (39)
64 (61)

High tumor marker at late relapse (HCG) [n (%)]
Yes
No

106 25 (23.6)
81 (76.4)

Late relapse pathology [n (%)]
Seminoma
NSGCT
Pure teratoma
Non-germ cell tumor
Mixed germ cell and non-germ cell tumor 

176

29 (16.5)
59 (33.5)
61 (34.7)
12 (6.8)
15 (8.5)

Late relapse non-germ cell tumor pathology [n (%)]
Adenocarcinoma
Sarcoma 
Undifferentiated carcinoma
Other 

27
9 (33)
8 (30)
3 (11)
7 (26)

Teratoma element at late relapse pathology [n (%)] 
Yes
No

173 96 (55.5)
77 (44.5)

Late relapse treatment [n (%)]
Chemotherapy
Radiotherapy
Surgery
Chemotherapy + radiotherapy
Chemotherapy + surgery
Chemotherapy + radiotherapy + surgery

140

37 (26.4)
1 (0.7)

33 (23.6)
18 (12.8)
47 (33.6)

4 (2.9)

Late relapse outcomes [n (%)]
No evidence of disease
Death 

225 133 (59.1)
71 (31.6)

Mean follow-up [months] (SD) 206 56.4 (3.47)

a Number of patients with available data
b Including retroperitoneal lymph node dissection and surgery of metastatic sites 
according to the clinical staging
c Including retroperitoneal, retrocrural, mediastinal, cervical, iliac, presacral, and 
axillary lymph nodes
d Including liver, lung, bone, muscle, brain, chest wall, pancreas, spleen, and 
ureter
AFP – α-fetoprotein; HCG – human chorionic gonadotropin;  
NSGCT – non-seminomatous germ cell tumor; SD – standard deviation

Characteristic Na Result

Mean age at initial diagnosis [years] (SD) 151 33.6 (15.4)

Clinical stage at initial presentation [n (%)]
Clinical stage I
Clinical stage II
Clinical stage III

218 60 (27.5)
74 (33.9)
84 (38.5)

Primary testicular pathology [n (%)]
Seminoma
NSGCT
Pure teratoma

225 38 (16.9)
158 (70.2)
29 (12.9)

Teratoma element at primary testicular pathology [n (%)] 
Yes
No

217 112 (51.6)
105 (48.4)

Primary management [n (%)]
Chemotherapy
Radiotherapy
Surgeryb

Surveillance
Chemotherapy + radiotherapy
Chemotherapy + surgery
Chemotherapy + radiotherapy + surgery

141

39 (27.7)
17 (12.1)

3 (2.1)
35 (24.8)

9 (6.4)
37 (26.2)

1 (0.7)

Mean time to late relapse, months (SD) 240 88.2 (57.6)

Symptomatic late relapse [n (%)]
Yes
No

54 36 (66.7)
18 (33.3)

Anatomical late relapse pattern [n (%)]
Lymphatic relapse onlyc

Non-lymphatic relapse onlyd

Lymphatic and non-lymphatic relapse, both
High tumor marker only

219
149 (68)
35 (16)

28 (12.8)
7 (3.2)

Retroperitoneal late relapse only [n (%)]
Yes
No

219 85 (38.8)
134 (61.2)

Late relapse site number [n (%)]
One site
More than one site

199 39 (19.6)
160 (80.4)

Re-relapse [n (%)]
Yes
No

164 61 (37.2)
103 (62.8)
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(HR = 2.73, 95% CI: 1.34–5.57), were significant-
ly associated with worse CSS. Furthermore, pure 
teratoma at LR pathology (HR = 0.20, 95% CI:  
0.09–0.44), teratoma element at LR pathology  
(HR 0.31, 95% CI: 0.18–0.56), surgery as the sole 
treatment of LR (HR = 0.07, 95% CI: 0.01–0.53), and 
surgery-based LR treatment (HR = 0.42, 95% CI:  
0.21–0.82), were significantly associated with bet-
ter CSS (Figure 4). In the multivariable analyses, 
which accounted for the impact of clinicopatho-
logic covariables, no statistically significant asso-
ciations were observed between clinicopathologic 
features and DFS and CSS (Table 3). On multivari-
able cox regression analysis, salvage chemother-
apy at LR was significantly associated with worse 
DFS and CSS compared to first-line chemotherapy  
(HR = 13.03, 95% CI: 1.13–150.25) (Suppl. Table 3). 

Decision-tree modelling

A total of 53 patients were included in decision-tree 
modelling with the target variable of NED. Thirty-
seven and 16 patients were selected for training 

LR multiplicity (HR = 2.05, 95% CI: 1.18–3.54),  
LR NSGCT pathology (HR = 2.13, 95% CI: 1.21–3.77),  
and chemotherapy as the sole treatment of LR  

 
 

Fig. 2- Nomogram presenting retroperitoneal relapse probability (single site or as a part of multiple relapse pattern) in patients with late relapse of testicular germ cell tumor. 

RT: radiotherapy, CT: chemotherapy, S: seminoma. 

 
(A)                                                                                 (B)                                                                               (C) 

 
Mean DFS, months 131 (One recurrence site) P value: 0.004 92 (Other pathological findings) P value: <0.001 126 (Other pathological findings) P value: 0.035 

67 (> One recurrence site) 145 (Pure teratoma) 64 (GCT + NGCT) 

 
(D)                                                                                  (E)                                                                              (F)  

 
Mean DFS, months 152 (Other treatments) P value: <0.001 108 (Other treatments) P value: <0.001 99 (Non-surgery-based treatment) P value: 0.002 45 (Chemotherapy only) 156 (Surgery only) 149 (Surgery-based treatment) 

 
Fig. 3- Kaplan–Meier + pairwise log-rank tests for disease-free survival (DFS) according to the late relapse multiplicity (A), late relapse pure teratoma pathology (B), late relapse mixed germ 
cell and non-germ cell pathology (C), late relapse treatment with only chemotherapy (D), late relapse treatment with only surgery (E), and late relapse surgery-based treatment (F) in patients 
with late relapse of testicular germ cell tumor. 

Figure 2. Nomogram presenting retroperitoneal relapse prob-
ability (single site or as a part of multiple relapse pattern)  
in patients with late relapse of testicular germ cell tumor. 
CT – chemotherapy, RT – radiotherapy, S – seminoma

Figure 3. Kaplan-Meier + pairwise log-rank tests for disease-free survival (DFS) according to the A) late relapse multiplicity,  
B) late relapse pure teratoma pathology, C) late relapse mixed germ cell and non-germ cell pathology, D) late relapse treat-
ment with only chemotherapy, E) late relapse treatment with only surgery, and F) late relapse surgery-based treatment  
in patients with late relapse of testicular germ cell tumor.
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tial predictors for both LR anatomical patterns  
and pathological findings. Moreover, our study 
demonstrated that the integration of prima-
ry clinicopathological factors with LR features,  
as opposed to relying on isolated factors, results 
in highly accurate classification models for clini-
cal decision making. These models prove valuable  
in identifying therapeutic modalities associated 
with superior DFS.
We found that patients who underwent surveil-
lance as the primary management for TGCT face 
a higher risk of retroperitoneal recurrence as the 
sole site of LR. While the absence of a standardized 
minimal follow-up recommendation after five years 
post-diagnosis for the primary disease suggests  
a need for a refined approach, our findings support 
the necessity of a more focused follow-up strategy. 
Specifically, emphasis on retroperitoneal assess-
ment is recommended to enhance early detection 
of potential recurrences in patients who underwent 
surveillance [4]. Moreover, given the challenges as-
sociated with managing LR, this finding supports 
the advantageous use of surveillance as the prima-

and test sets, respectively. The mean (SD) follow-
up was 67 (8.8) months. Figure 5 illustrates a deci-
sion-tree model for identifying patients who benefit 
from chemotherapy-based treatments compared  
to surgery-only in the context of LR for TGCT.  
The model accuracy was 0.94 and effective classi-
fiers were primary CS, primary treatment, relapse 
site, and relapse pathology. The second decision-
tree delineates the identification of patients who 
derive benefits from surgery-based treatments  
in comparison to other treatment modalities for LR 
of TGCT. Surgery-based treatments included sur-
gery-only and surgery plus chemotherapy. Non-sur-
gery-based treatments included chemotherapy-only 
and chemotherapy plus radiotherapy. The model 
accuracy was 0.88 and effective classifiers were pri-
mary testicular pathology, relapse site, and relapse 
pathology (Figure 6).

DISCUSSION

In this IPD meta-analysis, we found that prima-
ry clinicopathologic features emerge as substan-

 
(A)                                                                                    (B)                                                                               (C) 

 
Mean CSS, months 154 (One recurrence site) P value: 0.007 104 (Other pathological findings) P value: <0.001 163 (Other pathological findings) P value: 0.006 

73 (> One recurrence site) 191 (Pure teratoma) 96 (NSGCT) 

 
(D)                                                                                   (E)                                                                               (F)  

 
Mean CSS, months 170 (Other treatments) P value: 0.003 135 (Other treatments) P value: <0.001 124 (Non-surgery-based treatment) P value: 0.009 57 (Chemotherapy only) 157 (Surgery only) 169 (Surgery-based treatment) 

 
Fig. 4- Kaplan–Meier + pairwise log-rank tests for cancer-specific survival (CSS) according to the late relapse multiplicity (A), late relapse pure teratoma pathology (B), late relapse non-
seminomatous germ cell pathology (C), late relapse treatment with only chemotherapy (D), late relapse treatment with only surgery (E), and late relapse surgery-based treatment (F) in patients 
with late relapse of testicular germ cell tumor. 

Figure 4. Kaplan-Meier + pairwise log-rank tests for cancer-specific survival (CSS) according to A) the late relapse multiplicity, 
B) late relapse pure teratoma pathology, C) late relapse non-seminomatous germ cell pathology, D) late relapse treatment 
with only chemotherapy, E) late relapse treatment with only surgery, and F) late relapse surgery-based treatment in patients 
with late relapse of testicular germ cell tumor.
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Table 3. Univariable and multivariable cox regression analysis assessing the association of clinicopathologic features with DFS 
and CSS in patients with late relapse of testicular germ cell tumor

Variable

DFS CSS

Univariable analysis Multivariable analysis Univariable analysis Multivariable analysis

N HR (95% CI) p-value N HR (95% CI) P value N HR (95% CI) p-value N HR (95% CI) p-value

Agea 118 1.01 (0.99–1.03) 0.09 118 1.00 (0.98–1.03) 0.484

Primary clinical stage
I
II
III

185 0.80 (0.45–1.44)
0.85 (0.53–1.36)
1.32 (0.84–2.06)

0.475
0.517 
0.217

– – 185 0.74 (0.37–1.46)
0.96 (0.56–1.62)
1.25 (0.75–2.09)

0.392 
0.883
0.387

– –

Primary testicular pathology
Seminoma
NSGCT
Pure Teratoma

194 0.97 (0.50–1.89)
1.19 (0.71–1.97)
0.77 (0.39–1.49)

0.941
0.499
0.440

– – 194 1.36 (0.69–2.69)
0.96 (0.55–1.66)
0.78 (0.37–1.64)

0.364
0.894
0.515

– –

Primary treatment
CT
RT
Surgery
Surveillance
RT + CT
Surgery + CT
Surgery + RT + CT

120

1.49 (0.80–2.77)
1.35 (0.62–2.92)
0.56 (0.07–4.14)
0.45 (0.14–1.47)
1.66 (0.59–4.65)
0.63 (0.32–1.24)

5.38 (0.72–40.20)

0.200
0.436
0.578
0.188
0.335
0.194
0.101

– – 120

1.59 (0.79–3.18)
1.57 (0.68–3.61)
0.75 (0.10–5.57)
0.19 (0.2–1.40)

1.00 (0.24–4.22)
0.69 (0.32–1.48)

6.35 (0.84–47.94)

0.188
0.286
0.787
0.105 
0.990
0.348
0.073

– –

Time to late relapse 206 1.004  
(1.001–1.007) 0.010 50 1.00  

(0.99–1.01) 0.528 206 1.004  
(1.000–1.008) 0.018 50 0.99  

(0.98–1.01) 0.914

Symptomatic late relapse 54 1.09 (0.44–2.71) 0.839 – – 54 1.07 (0.40–2.84) 0.890 – –

Late relapse site
Lymphatic
Non-lymphatic
Both (lymphatic 

and non-lymphatic)
High tumor marker only

190

0.75 (0.53–1.05)
0.94 (0.71–1.23)
1.12 (0.90–1.38)

1.00 (0.31–3.25)

0.100
0.679 
0.288

0.989

– – 190

0.79 (0.55–1.14)
0.98 (0.73–1.30)
1.16 (0.93–1.45)

1.25 (0.38–4.07)

0.218
0.890 
0.177

0.707

– –

Retroperitoneal late relapse only 190 0.98 (0.60–1.61) 0.966 190 0.97 (0.56–1.68) 0.933 – –

Late relapse multiplicity 171 1.99 (1.21–3.26) 0.006 50 0.84 (0.22–3.10) 0.841 171 2.05 (1.18–3.54) 0.010 50 0.80 (0.17–3.72) 0.777

Re-Relapse – – – – 150 1.44 (0.83–2.51) 0.189 – –

High tumor marker at late 
relapse

AFP
HCG

85 1.99 (0.91–4.35)
0.75 (0.28–2.00)

0.083
0.575

– – 85 1.34 (0.56–3.17)
0.97 (0.35–2.66)

0.500
0.958

– –

Late relapse pathology
Seminoma
NSGCT
Pure teratoma
NGCT
GCT + NGCT

146

1.17 (0.50–2.74)
1.63 (0.96–2.75)
0.31 (0.17–0.58)
2.17 (0.92–5.10)
2.09 (1.02–4.26)

0.710
0.066

<0.001
0.074
0.043

50

–
–

0.23 (0.01–2.98)
–
–

–
–

0.266
–
–

146

1.48 (0.62–3.51)
2.13 (1.21–3.77)
0.20 (0.09–0.44) 
2.49 (0.97–6.32)
1.64 (0.69–3.87)

0.370
0.009

<0.001
0.055
0.258

50

–
0.57 (0.14–2.24)
0.12 (0.00–2.54)

–
–

–
0.424
0.177

–
–

Late relapse pathology  
(Teratoma element) 141 0.38 (0.23–0.65) <0.001 50 1.65 (0.15–17.75) 0.678 141 0.31 (0.18–0.56) 0.001 50 2.60 (0.21–31.61) 0.452

Late relapse treatment
CT
Surgery
RT + CT
Surgery + CT

119
3.14 (1.70–5.79) 
0.05 (0.00–0.40)
0.86 (0.36–2.04)
1.10 (0.60–2.01)

<0.001
0.004
0.735
0.752

2.46 (0.44–13.54)
–
–
–

0.300
–
–
–

119
2.73 (1.34–5.57)
0.07 (0.01–0.53)
0.97 (0.37–2.51)
1.00 (0.49–2.03)

0.005
0.010
0.954
0.987

1.55 (0.16–15.04)
–
–
–

0.702
–
–
–

Surgery-based late relapse 
treatment 119 0.41 (0.22–0.73) 0.003 50 0.87 (0.18–4.14) 0.870 119 0.42 (0.21–0.82) 0.012 0.82 (0.17–3.78) 0.802

a Patient’s age at the time of primary tumor diagnosis
AFP – α-fetoprotein; CI – confidence interval; CSS – cancer-specific survival; CT – chemotherapy; DFS – disease-free survival; GCT – germ cell tumor; HCG – human 
chorionic gonadotropin; HR – hazard ratio; NGCT – non-germ cell tumor; NSGCT – non-seminomatous germ cell tumor; RT – radiotherapy
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Fig. 5 – Decision-tree modelling to identify patients with late relapse of testicular germ cell tumor who benefit from chemotherapy-based treatments compared to surgery-only with the target 
variable of NED. These patient characteristics were assessed in the model: primary testicular pathology, primary CS, primary treatment, relapse site, relapse pathology, and relapse multiplicity. 
primary testicular pathology and relapse multiplicity had no predictive effect and is therefore not included in this tree. chemotherapy-based treatments: chemotherapy (CT) only, CT + 
radiotherapy, CT + surgery. DFS: disease-free survival. Other than RP-only: out of retroperitoneal region or mixed retroperitoneal and extra retroperitoneal metastasis. NED: no evidence of 
disease, CS: clinical stage, GCT: germ-cell tumor, RP: retroperitoneum. 
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Figure 5. Decision-tree modelling to identify patients with late relapse of testicular germ cell tumor who benefit from chemo-
therapy-based treatments compared to surgery-only with the target variable of NED. These patient characteristics were as-
sessed in the model: primary testicular pathology, primary CS, primary treatment, relapse site, relapse pathology, and relapse 
multiplicity. primary testicular pathology and relapse multiplicity had no predictive effect and is therefore not included in this 
tree. chemotherapy-based treatments: chemotherapy (CT) only, CT + radiotherapy, CT + surgery. DFS: disease-free survival. 
Other than RP-only: out of retroperitoneal region or mixed retroperitoneal and extra retroperitoneal metastasis. 
CS – clinical stage; GCT – germ-cell tumor; NED – no evidence of disease; RP – retroperitoneum

ry strategy for TGCT. The retroperitoneum serves  
as a surgically manageable single site for local re-
currence at the time of LR, enabling effective inter-
vention when necessary [20–22]. 
Additionally, it is crucial to consider other clinico-
pathological features of the primary disease, par-
ticularly modifications in primary treatment, such  
as the introduction of modified and unilateral 
template retroperitoneal lymph node dissection 
(RPLND), single agent chemotherapy, and low-dose 
radiotherapy [23–27]. Furthermore, the criteria es-
tablished for post-chemotherapy RPLND and the 
controversies involved in managing post-chemother-
apy residual masses less than 1 cm are pivotal aspects 
in the primary management of high-stage TGCT  
[28, 29]. While these factors may impact the pattern 
of LR, the development of a nomogram could be valu-
able in identifying patients with a high probability  
of retroperitoneal LR. This tool could offer guidance 
on the suitable intensity of surveillance, tailoring  
the approach based on individual patient character-
istics and optimizing the management of TGCT.

While LR with non-germ cell malignancy pathology 
is associated with worse survival outcomes, confirm-
ing this pathological finding is crucial to prevent 
misinterpretation of therapeutic morphological ef-
fects resulting from the previous treatment of TGCT 
[4]. Furthermore, the lower sensitivity of non-germ 
cell malignancy and pure teratoma to chemotherapy 
emphasizes surgery as the preferred treatment for 
both pathological findings [4, 7, 30, 31]. 
Chemotherapy is a potential treatment that may in-
duce changes in tumor biology, particularly evident 
when different pathological findings are reported 
after first-line or subsequent salvage chemotherapy 
[32, 33]. Additionally, the underlying mechanisms 
of TGCT pathology may involve specific genetic 
mutations, which could provide further insights 
into non-germ cell pathologies associated with LR.  
Despite indications that the biological characteris-
tics leading to LR are present at the initial presenta-
tion rather than arising as a secondary occurrence, 
the underlying biological mechanisms still require 
further clarification [7, 30].
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treatments correlated with improved DFS and CSS, 
whereas chemotherapy alone was associated with 
inferior oncological outcomes. While these associa-
tions were not validated in multivariable analysis, 
the potential of two meticulously designed clas-
sification decision trees with high accuracy exists  
in identifying more appropriate therapeutic strat-
egies for LR patients. These findings emphasize  
the critical need for a more nuanced risk stratifi-
cation of patients. Despite all the limitations we 
present in detail, one of the benefits of using deci-
sion trees derived from machine learning analysis 
is their applicability to rare diseases, such as LR 
of TGCT, for which conducting prospective random-
ized trials is challenging. Therefore, we discuss these 
points further in the discussion section. Further-
more, while some studies indicate the effectiveness  
of salvage chemotherapy regimens with conven-
tional or high doses in managing LR patients,  
the quality of these studies is hampered by retro-
spective designs and a low number of participants 
[7, 15, 17, 38]. Additionally, a notable portion  

We demonstrated that the management of the pri-
mary disease has the potential to influence LR path-
ological findings. Chemotherapy leads to non-germ 
cell malignancy in LR pathology, while surgery-based 
treatment is significantly associated with LR pure 
teratoma pathology. This suggests that addressing 
the shortcomings of primary surgical techniques 
may be crucial, especially in LR retroperitoneal pure 
teratoma patients who underwent RPLND for the 
management of the primary disease. In addition, 
considering comparable five-year oncological surviv-
al outcomes, surveillance could be more intentional 
in prompting a reevaluation of primary treatment 
recommendations, especially when compared to che-
motherapy and RPLND [34–36].
While current guidelines advocate for the use  
of first-line cisplatin-based chemotherapy in LR  
of TGCT patients who did not receive initial chemo-
therapy for the primary disease [4, 37], our study 
brought to light significant associations between 
LR treatment strategies and oncological outcomes. 
We observed that surgery alone and surgery-based 

 
Fig. 6 – Decision-tree modelling to identify patients with late relapse of testicular germ cell tumor who benefit from surgery-based treatment compared to non-surgery-based 
treatments with the target variable of NED. These patient characteristics were assessed in the model: primary testicular pathology, primary CS, primary treatment, relapse site, 
relapse pathology, and relapse multiplicity. Primary CS, primary treatment, and relapse multiplicity had no predictive effect and is therefore not included in this tree. Surgery-
based treatments: surgery only, surgery + chemotherapy (CT). Non-surgery-based treatments: CT only, CT + radiotherapy. NED: no evidence of disease. 
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Figure 6. Decision-tree modelling to identify patients with late relapse of testicular germ cell tumor who benefit from surgery-
based treatment compared to non-surgery-based treatments with the target variable of NED. These patient characteristics 
were assessed in the model: primary testicular pathology, primary CS, primary treatment, relapse site, relapse pathology, 
and relapse multiplicity. Primary CS, primary treatment, and relapse multiplicity had no predictive effect and is therefore not 
included in this tree. Surgery-based treatments: surgery only, surgery + chemotherapy (CT). Non-surgery-based treatments:  
CT only, CT + radiotherapy. 
NED – no evidence of disease
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cer management, which may affect the applicability 
of the findings to current clinical practice. Lastly, 
the insufficient data regarding the quality of sur-
geries, including RPLND for both primary and LR 
cases, as well as the lack of detailed information on 
chemotherapy protocols for some patients, make 
drawing robust conclusions challenging. The limi-
tations in available data on these critical aspects  
of the treatment process may impact the overall re-
liability and generalizability of the study's findings.
In conclusion, the management of LR in TGCT 
presents a challenging landscape where the optimal 
treatment remains controversial. While our analy-
sis suggests that surgery may be associated with 
improved oncological survival outcomes, the lim-
ited available data and the rarity of the condition 
make drawing definitive conclusions a formidable 
task. The challenges are compounded by promising 
results from studies investigating alternative treat-
ments, such as specific chemotherapy protocols.  
A comprehensive understanding of disease features, 
patient factors, and potential benefits and risks as-
sociated with different treatment modalities is cru-
cial. Moreover, collaborative efforts within the mul-
tidisciplinary team, along with prospective research 
initiatives, are essential to accumulate more robust 
evidence that can inform the development of stan-
dardized approaches to managing LR. Until then, 
the choice of treatment should be made through  
a careful evaluation of available evidence and  
a personalized consideration of the unique aspects 
of each patient's situation.
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of responders underwent surgery as a complemen-
tary treatment, enhancing the curative role of 
surgery in LR patients with a history of first-line 
chemotherapy for the primary disease [38]. In our 
analysis, adjusting for primary disease treatments, 
we demonstrated that salvage chemotherapy is as-
sociated with both worse DFS and CSS in multivari-
able analysis. Therefore, considering chemotherapy  
as the sole treatment for LR patients should be lim-
ited to inoperable patients or within the context  
of clinical trials [37].
To our knowledge, this is the first and only IPD 
meta-analysis regarding LR in patients with TGCT. 
Nevertheless, our study has certain limitations 
that deserve acknowledgment. Firstly, it is crucial 
to note that all the included studies were retrospec-
tive, introducing inherent limitations such as se-
lection bias. Indeed, the rarity of the disease poses  
a significant challenge in designing well-controlled 
prospective studies. Secondly, the relatively small 
sample size across the included studies may po-
tentially impact the overall robustness of the data. 
Thirdly, the lack of complete access to raw patient-
level data, which consists of individual clinical mea-
surements and detailed patient information from 
all studies limits the quality of this meta-analysis 
and underscores the need for further analysis with 
a larger dataset. The limited availability of data 
may also affect the quality of decision trees. Fur-
thermore, heterogeneity was detected in the man-
agement of primary tumors, including chemothera-
py and surveillance, which limits the value of these 
results. However, considering the type of primary 
management as a variable in the analysis might 
help improve the reliability of the findings. Fu-
ture studies with expanded datasets can contribute  
to a more robust and reliable meta-analysis, en-
hancing the overall quality of evidence in the field. 
A notable limitation of this meta-analysis is that 
most of the included studies are relatively old and 
originate from the pre-modern era of testicular can-
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SUPPLEMENTARY MATERIALS

 
Supplementary Fig. 1- RoB table of studies included in the individual patient data (IPD) of disease characteristics and oncological outcomes of patients with 

late relapse of testicular germ cell tumor. 

 

Suppl. Figure 1. RoB table of studies included in the individual patient data (IPD) of disease characteristics and oncological 
outcomes of patients with late relapse of testicular germ cell tumor.

Suppl. Figure 2. Kaplan-Meier + pairwise log-rank tests for prediction of Non-germ cell tumor at late relapse pathology ac-
cording to the primary testicular germ cell tumor treatment. A) Surveillance; B) chemotherapy. (Analysis time: time between 
initial diagnosis and late relapse). 

 
(A)                                                                                                                                     (B) 

 
 

 

  
 

 
 
Supplementary Fig. 2- Kaplan–Meier + pairwise log-rank tests for prediction of Non-germ cell tumor at late relapse pathology according to the primary testicular 
germ cell tumor treatment. (A): Surveillance, (B): Chemotherapy. (Analysis time: time between initial diagnosis and late relapse).  
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Suppl. Table 2. Univariable and multivariable logistic regression analysis assessing the association of clinicopathologic fea-
tures with pure teratoma pathology at late relapse in patients with late relapse of testicular germ cell tumor

Variable

Pure teratoma at late relapse

Univariable analysis Multivariable analysis

n (%) OR (95% CI) p-value n (%) OR (95% CI) p-value

Agea 127 0.98 (0.95–1.01) 0.289

Primary clinical stage
I
II
III

165 0.18 (0.07–0.45)
1.75 (0.91–3.35)
1.91 (0.98–3.71)

<0.001
0.091 
0.056  

81 0.55 (0.07–3.96)
–
–

0.558
–
–

Primary testicular pathology
Seminoma
NSGCT
Pure teratoma

137 –
1.46 (0.71–2.97)
3.62 (1.50–8.72)

–
0.294
0.004

81 –
–

1.47 (0.32–6.72)

–
–

0.612

Primary testicular pathology (Teratoma element) 165 2.51 (1.27–4.97) 0.008 81 1.30 (0.26–6.40) 0.740

Primary treatment
CT
RT
Surgery
Surveillance
RT + CT
Surgery + CT
Surgery + RT + CT

95

1.42 (0.55–3.66)
–
–

0.17 (0.04–0.65)
0.50 (0.05–4.67)

6.51 (2.40–17.65)
–

0.458
–
–

0.009
0.543

<0.001
–

81

–
–
–

0.84 (0.08–8.60)
–

2.52 (0.58–10.89)
–

–
–
–

0.886 
–

0.214  
–

Surgery-based primary treatment 95 7.42 (2.73–20.14) <0.001 81 13.22 (1.36–128.27) 0.026

Time to late relapse 176 0.98 (0.98–0.99) 0.002 81 0.98 (0.96–0.99) 0.028

a Patient’s age at the time of primary tumor diagnosis
CI – confidence interval; CT – chemotherapy; NSGCT – non-seminomatous germ cell tumor; OR – odds ratio; RT – radiotherapy

Suppl. Table 3. Multivariable cox regression analysis assessing the association of therapeutic modalities with DFS and CSS  
in patients with late relapse of testicular germ cell tumor

Variable
DFS CSS

n HR (95% CI) p-value n HR (95% CI) p-value

Salvage chemotherapy at late relapse (Ref: BEP)
Primary treatment including CT (Ref: No CT)
Primary treatment including Surgery (Ref: No surgery)
Surgery–based late relapse treatment (Ref: No surgery)

22

13.03 (1.13–150.25)
0.63 (0.05–7.75)

1.88 (0.25–13.95)
0.39 (0.07–2.12)

0.039
0.723
0.536
0.282

22

13.03 (1.13–150.25)
0.63 (0.05–7.75)

1.88 (0.25–13.95)
0.39 (0.07–2.12)

0.039
0.723
0.536
0.282

CI – confidence interval; CSS – cancer–specific survival; CT– chemotherapy; DFS – disease–free survival; HR – hazard ratio
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