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Abstract
Introduction and objectives Postchemotherapy residual tumor resection (PC-RTR) is an important part of the 
multimodal treatment for patients with metastatic germ cell tumors. Simultaneous retroperitoneal and thoracic 
metastases often require consecutive surgical procedures. This study analyzes the histologic findings after abdominal 
and thoracic surgery in order to tailor the sequence and intensity of surgery.

Patients and methods From a total of 671 PC-RTRs from 2008 to 2021 we analyzed 50 patients with stage III non-
seminomatous germ cell tumor (NSGCT) who had undergone both retroperitoneal and thoracic postchemotherapy 
residual tumor resection after first-line and salvage chemotherapy.

Results All patients included had stage III NSGCT. 39 and 11 patients received first-line and salvage chemotherapy, 
respectively. 45 (90%) patients received retroperitoneal resection first, followed by thoracic surgery. Three patients 
(6%) underwent thoracic surgery before retroperitoneal surgery and two patients (4%) underwent simultaneous 
surgery. Overall, the histology of retroperitoneal and thoracic specimens was discordant in 23% of cases. After first-line 
chemotherapy, of fourteen patients with necrosis in retroperitoneal histology, four patients had vital carcinoma in 
lung histology. In patients with teratoma in the retroperitoneum, the thoracic findings were concordant in most cases 
(78%). When teratomatous elements were also present in the orchiectomy specimen, concordance was 100%. After 
salvage chemotherapy, the discordance rate was 55%.

Conclusion The data presented in this study underline that retroperitoneal residual masses with necrosis cannot 
reliably predict histologic findings of thoracic specimens. Patients with teratoma in the retroperitoneum have a high 
likelihood of teratoma in the thoracic specimen.
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Introduction
Postchemotherapy residual tumor resection (PC-RTR) 
plays an important role in the treatment of metastatic 
germ cell tumors (GCTs), although 40% of residual 
tumors have only necrotic tissue, 10% and 50% of residual 
tumors harbor viable cancer or teratoma, respectively 
[1]. Because residual tumor masses often involve other 
organs (kidney, lung, liver) or major vessels, PC-RTR is 
challenging and sometimes requires adjunctive vascular 
or organ surgery. Currently, the available diagnostic tools 
are still not reliable enough to predict residual tumor his-
tology [2–4]. The morbidity of retroperitoneal surgery 
alone ranges from 7 to 30% with a mortality rate of 1% 
[5, 6]. In cases of resection of multiple tumor sites mor-
bidity rates increase to over 35% [7, 8] and surgery must 
be carefully weighed against oncologic risk of recurrence. 
In cases of multiple residual tumor sites, current EAU 
guidelines recommend starting surgery at the site with 
the highest residual volume.

In our review of the literature, we found few stud-
ies comparing the correlation between retroperitoneal 
and thoracic histology [8–13]. Steyerberg et al. reported 
a high correlation (89%) between of necrotic findings in 
retroperitoneal lymph node dissection (RPLND) and 
lung resection [11]. However, other studies have reported 
discordance of 23–30% between different anatomical 
sites, mainly between retroperitoneum and chest [8, 10, 
14]. Kesler et al. reported a discordance rate between 
retroperitoneal and thoracic pathology of 30% or more 
depending on the pathology category [12]. Schirren et 
al. reported a 20% discordance between the histology of 
both lungs when bilateral resection was performed. The 
discordance between mediastinal and lung histology was 
even higher at 28% [9]. On the other hand, Besse et al. 
described a discordance of only 5% between histologic 
findings of both lungs [10].

The aim of this study is to review our own data to ana-
lyze whether histology of one anatomical site can be used 
as a predictive tool.

Patients and methods
Between 01/2008 and 03/2021, 671 patients underwent 
residual tumor resection for germ cell tumor (GCT) at 
our institution. We queried our database and identified 
50 patients who underwent retroperitoneal and tho-
racic PC-RTR after first-line or salvage chemotherapy 

for metastatic non-seminomatous germ cell tumor 
(NSGCT). In a retrospective design we analyzed abdomi-
nal and thoracic histologies.

Results
Patient characteristics are shown in Table 1. All patients 
had stage III NSGCT with retroperitoneal and thoracic 
metastases and underwent cisplatin-based chemotherapy 
followed by residual tumor resection. If not performed 
simultaneously, thoracic and retroperitoneal surgery 
was performed within 41 days (range 7–75 days) and no 
treatment was administered in between. Patients who 
received chemotherapy or radiotherapy between tho-
racic and abdominal resection were excluded from the 
study. Out of 50 patients, 10 had a good and intermediate 
prognosis, respectively. 30 patients had a poor prognosis 
according to IGCCCG.

39 patients underwent first line treatment with three 
patients undergoing primary high dose chemother-
apy with cisplatin, ifosfamide and etoposide (VIP). 15 
patients had bleomycin, etoposide and cisplatin (BEP) or 
etoposide and cisplatin (EP) and 21 patients had conven-
tional dosed VIP.

Eleven patients underwent salvage chemotherapy, all 
of whom received the TI-CE regimen (paclitaxel [T] and 
ifosfamide [I] followed by high-dose carboplatin [C] and 
etoposide [E]). The order of resection site was based on 
tumor volume, beginning with the larger tumor. In 45 
patients, retroperitoneal resection was performed before 
to thoracic surgery and in three cases, thoracic surgery 
was performed first. In two cases, thoracic and abdomi-
nal surgery were performed simultaneously. Median 
human chorionic gonadotropin (HCG) and alpha-feto-
protein (AFP) levels at the time of surgery were 0.3 mIU/
ml (range: 0 -27.9) and 3.5  µg/l (range 1.3–24.5) in the 
first-line group and 1.9 (range: 0–8.8) and 5.6 (range: 
2.5–2818) in the salvage group. One patient had a mani-
festly elevated AFP marker of 2818  µg/l after salvage 
chemotherapy.

We compared retroperitoneal and thoracic histologic 
reports of PC-RTR after first-line chemotherapy and 
salvage chemotherapy. All patients received retroperito-
neal PC-RTR via open midline laparotomy. Of the tho-
racic surgeries, 41 patients received pulmonary PC-RTR 
only (wedge resections of the lung), 6 patients received 
extrapulmonary (mediastinal, retrocrural and/or cervical 

Patient summary
In this report we the compared the findings of metastasic testicular cancer patients who received thoracic and 
retroperitoneal surgery. We concluded that the findings of one location cannot entirely predict the results of 
another location.

Keywords Germ cell cancer, Retroperitoneal surgery, Thoracic surgery, Postchemotherapy
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lymphadenectomy) PC-RTR only, and 4 patients received 
combined pulmonary and extrapulmonary PC-RTR.

Tumor size, detailed resection sites and adjunctive sur-
gery are described in Table 2.

Histological outcomes
Histopathologic results after chemotherapy often contain 
mixed components of vital carcinoma, teratoma, necro-
sis, fibrosis and tumor-free lymph nodes. For the sake of 
clarity, histopathologic results are simplified in this man-
uscript and only the “worst” pathology is reported in this 
order: vital carcinoma (including teratoma with somatic-
type malignancy), teratoma, necrosis.

PC-RTR after first-line chemotherapy, table 3
39 patients underwent PC-RTR after first-line treatment. 
On retroperitoneal histology 23 patients had teratoma, 
two had vital carcinoma and 14 had necrosis. On thoracic 
histology 18 patients had teratoma, 6 had vital carcinoma 
and 15 had necrosis.

When comparing retroperitoneal and thoracic histo-
logic findings, the results were discordant in 23% of the 
cases. The highest discordance rate (29%) was found 
in patients with necrosis on retroperitoneal histology. 
Among fourteen patients with necrosis on retroperi-
toneal histology, four patients had vital carcinoma on 
pulmonary histology, one had teratoma with somatic-
type malignancy (sarcomatoid differentiation), one had 
embryonal carcinoma, and two had unspecified non-
seminoma. The pulmonary histology specimens contain-
ing viable embryonal carcinoma or non-seminoma were 
mostly composed of necrosis and had a proportion of 

Table 1 Patient’s characteristics
Patients n = 50
Age (years, median, range) 34 (16–51)
IGCCCG prognosis group
good
intermediate
poor

10
10
30

Line of treatment
First line
Salvage / further line

39
11

First line chemotherapy
PEB / EP
VIP
Primary high dose (HD-VIP)

15
21
3

Salvage chemotherapy
TI-CE
TIP

10
1

Timing of surgery
retroperitoneal surgery first
thoracic surgery first
simultaneous surgery

45
3
2

Primary tumor
testicular tumor
primary retroperitoneal / thoracic

47
3

Tumor markers before surgery, first line group
HCG (mU/ml, median, range)
AFP (µg/l, median, range)

0.3 (0–27.9)
3.5 (1.3–24.5)

Tumor markers before surgery, salvage group
HCG (mU/ml, median, range)
AFP (µg/l, median, range)

1.9 (0–8.8)
5.6 (2.5–2818)

Table 2 Tumor size, resection sites and adjunctive surgery
Retroperitoneal surgery n = 50

Prechemotherapy tumor size (mean) 86 mm (range 7–350 mm)
Postchemotherapy tumour size (mean) 72 mm (range 6–400 mm)
Adjunctive surgery 15 (30%) nephrectomy 5 patients (10%)

aortic replacement 2 patients (4%)
resection IVC 2 patients (4%)
vertebral replacement 2 patients (4%)
liver biopsy/resection 5 patients (10%)
bowel resection 4 patients (8%)

Thoracic surgeryn = 50
Prechemotherapy tumor size (mean) 33 mm (range 9–110 mm)
Postchemotherapy tumour size (mean) 27 mm (range 7–80 mm)
Resection site
pulmonary
left lung
right lung
both sides

45 (88%)
33 (65%)
35 (69%)
24 (47%)

Extrapulmonary
+ left lung
+ right lung
+ both sides
Exclusive (only extrapulmonary resection)

10 (20%)
2 (4%)
1 (2%)
1 (2%)
6 (12%)
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viable tumor cells of 1–5%. In patients with retroperi-
toneal teratoma, the thoracic findings were concordant 
in most cases (78%). In patients with teratomous com-
ponents in the orchiectomy specimen and the retro-
peritoneum, all had teratomous findings in the thoracic 
histology. Two patients had vital carcinoma in the ret-
roperitoneum, specifically teratoma with somatic-type 
malignancy, and had similar thoracic findings.

When comparing retroperitoneal and only extrapulmo-
nary thoracic histologies, the findings were concordant in 
100% of the patients, eight of these patients had teratoma 
and one had teratoma with somatic-type malignancy 
(liposarcoma).

PC-RTR after salvage chemotherapy, table 4
Of the 11 patients who underwent PC-RTR after salvage 
chemotherapy, six patients had discordant histologic 
findings. On retroperitoneal histology three patients 
had teratoma, two had vital carcinoma (yolk sac tumor 
and choriocarcinoma), and six had necrosis. In thoracic 
histology, two patients had teratoma, two had vital car-
cinoma (embryonal carcinoma and unspecified non-
seminoma), and seven had necrosis. Teratoma with 
somatic-type malignancy was not observed in this group. 
Of note, all patients with vital carcinoma in the retro-
peritoneum did not have vital carcinoma in the thoracic 
histology and vice versa. Only the patient with yolk sac 

tumor in the retroperitoneum had a highly elevated AFP 
preoperatively. All the other patients had negative or 
slightly elevated tumor markers.

Comparison of left and right sided pulmonary resection, 
table 5
Twenty-four patients underwent bilateral pulmonary 
PC-RTR. Three cases (13%) had discordant histologies 
between the two sides. Two patients had teratoma on the 
right side and necrosis on the left side. One patient had 
vital carcinoma on the left side and necrosis on the right 
side.

Discussion
This study confirms an important finding, namely, that 
we cannot fully rely on the predictive value of the histo-
logic findings in one anatomic site for PC-RTR in another 
anatomic site.

Approximately 20% of testicular cancer patients are 
overtreated and, due to the excellent survival rates, even 
in metastatic stages, treatment-related toxicities are the 
main cause for morbidity in these patients [15–17]. The 
reduction of treatment-related toxicity should be a cen-
tral measure in decision making. Thus, the idea of avoid-
ing unnecessary surgery is appealing, especially when 
the histologic result of one metastatic site is predictive of 
another.

Table 3 Comparison of retroperitoneal and thoracic histologies after first-line chemotherapy (inclusion of pulmonary and 
extrapulmonary histologies). Discordances between retroperitoneal and thoracic findings were 23%
First-line
n = 39

Thoracic (pulmonary and extrapulmonary)
necrosis teratoma vital tumor other than teratoma total discordance %

Retroperitoneal necrosis 10 0 4 14 29%
teratoma 5 18 0 23 22%
vital tumor other than teratoma 0 0 2 2 0
total 15 18 6 39 23%

Table 4 Comparison of retroperitoneal and thoracic histologies after salvage chemotherapy. In 55% of patients retroperitoneal and 
thoracic histology did not match
Salvage treatment
n = 11

Thoracic (pulmonary and extrapulmonary)
necrosis teratoma vital tumor other than teratoma total discordance %

Retroperitoneal necrosis 4 0 2 6 33%
teratoma 2 1 0 3 67%
vital tumor other than teratoma 1 1 0 2 100%
total 7 2 2 11 55%

Table 5 Comparison of histologies of left and right sided pulmonary resection. Overall, 24 patients received bilateral pulmonal 
resection after either first-line or salvage therapy. Overall, 13% of histologies between left and right sided resection differed
Histology Right lung

necrosis teratoma vital tumor other than teratoma total discordance %
Left lung necrosis 12 2 0 14 17%

teratoma 0 8 0 8 0%
vital tumor other than teratoma 1 0 1 2 50%
total 13 10 1 24 13%
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In the present study, we evaluated both first-line and 
salvage patients. Since the therapeutic options after sal-
vage chemotherapy are limited, the indication to resect 
residual masses in this setting is imperative. The associ-
ated willingness to take surgical risks surgery is particu-
larly important in the salvage setting and must therefore 
be evaluated separately from the first-line setting.

Several groups have described discordant histologic 
findings when resection is performed at multiple sites. In 
the present study, we report a histologic discordance rate 
between retroperitoneal and thoracic histology of 23% 
after first-line treatment and 55% after salvage treatment. 
These findings are consistent with large series describ-
ing discordance between histologic findings from differ-
ent sites ranging from 29 to 46% [11, 14, 18]. However, in 
contrast to these previous studies, we cannot confirm the 
predictive value of necrotic tissue in the retroperitoneum 
for an identical histology in thoracic residual masses. 
Steyerberg and Hartman both described that in the case 
of presence of necrotic tissue in the retroperitoneum, the 
probability of necrotic tissue in pulmonary lesions could 
be up to 90% [11, 14]. In our cohort, patients with necro-
sis only on retroperitoneal histology had a discordance 
with thoracic histology of 29% for first-line patients and 
33% for salvage patients.

Complete concordance was found when comparing 
between histologic findings from retroperitoneal and 
extrapulmonary thoracic sites, all of which contained ter-
atomous elements. This is most likely be due to the com-
mon lymphogenic spread of retroperitoneal and thoracic 
lymphatic metastases.

Twenty-four patients underwent bilateral lung resec-
tion. In this cohort, the discordance of histologic find-
ings on both sides was 13%. Already in 2009 Besse et al. 
described that in case of bilateral lung metastasis and 
necrosis on one side, the probability of the same histol-
ogy on the other side is up to 95% [10]. In contrast, to 
these findings Schirren et al. described a discordance of 
histologic findings between left and right lung of 20% [9].

An important finding that could be used to predict 
treatment outcome und thus guide further decision mak-
ing is the fact that all patients with teratomous findings 
at orchiectomy and retroperitoneal resection also had 
teratoma on thoracic histology. The current guideline 
recommendation also requires resection of the thoracic 
residues in the case of teratomas in the retroperitoneum 
[19].

Limitations
Although this study was conducted in one of the larg-
est germ cell tumor referral centers in Germany, the 
cohort size presented is still small and did not allow for 
an analysis with statistically sound conclusions. In addi-
tion, the rarity of the disease limits efforts such as this 

one to a retrospective analysis. Furthermore, patients 
with residual retroperitoneal and thoracic disease who 
did not undergo surgery were not evaluated in this 
study. In our center, indications for resection of residual 
tumors are generally residual masses larger than 1  cm. 
However, several factors may influence the decision to 
proceed with surgery. A high degree of tumor shrinkage 
after chemotherapy, a high proportion of seminoma or 
choriocarcinoma in the primary histology (which would 
typically contain only necrosis after chemotherapy), or 
poor patient health status may be factors that weigh in 
favor of surveillance. The data presented in this study are 
subject to a selection bias because all patients included 
in this study were selected for surgery at retroperitoneal 
and thoracic sites.

Conclusion
Based on our analysis, necrosis in the retroperitoneal 
specimen does not exclude vital carcinoma at another 
anatomical site. Therefore, we still recommend the resec-
tion of relevant residual thoracic metastases, even if the 
retroperitoneal specimen was only necrotic. If the ret-
roperitoneal specimen contained teratoma, the thoracic 
residual masses are very likely to contain teratoma as 
well. Reliable prediction between retroperitoneal and 
extrapulmonary thoracic metastases is possible.
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