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Resumen
Objetivo: los tumores de células germinales (TCG) testiculares son la 
principal causa de cáncer en hombres con edades de 15 a 45 años. 
El tratamiento comprende la orquiectomía radical y, en pacientes con tumores 
metastásicos, se da manejo adyuvante con quimioterapia basada en platino. 
Se ha reportado enfermedad residual pulmonar posterior a la primera línea 
de quimioterapia en el 25,0 % de los casos, en los que la metastasectomía 
pulmonar es esencial para excluir actividad residual tumoral. El objetivo de 
este estudio consistió en describir los desenlaces clínicos de los pacientes 
con TCG testiculares llevados a metastasectomía pulmonar entre 2010 y 2023, 
tras recibir quimioterapia adyuvante, en el Instituto Nacional de Cancerología 
(INC) de Colombia.

Métodos: se realizó un estudio descriptivo, longitudinal, retrospectivo. 
Se describieron las tendencias en la supervivencia global (SG) y en la 
supervivencia libre de progresión (SLP) según algunas características de 
relevancia clínica en estos pacientes.

Resultados: se incluyeron 19 pacientes. A los 24 meses, la SG fue del 89,2 %, 
y la SLP fue del 63,6 %. Las mayores estimaciones de SG y SLP se observaron 
en pacientes con enfermedad metastásica pulmonar al momento del 
diagnóstico; además, se obtuvieron estimaciones altas de SG en aquellos 

Catalina Castañeda-Motta1 , Rafael José Beltrán-Jiménez2 , Fernando Alvarado-Sarzosa2 , 
Miguel Ricardo Buitrago-Ramírez2 , Marino Cabrera-Fierro3, 4 , Ricardo Elías Bruges-Maya5 ,  
Marcela Nuñez-Lemus6 , Carlos Andrés Carvajal-Fierro2, 7

1  Specialist in training at the Specialization in Thoracic Surgery, inter-institutional agreement Universidad El Bosque - Instituto Nacional de Cancerología, 
Bogotá, D. C., Colombia.

2  Thorax, Instituto Nacional de Cancerología, Bogotá, D. C., Colombia.
3  Urology, Instituto Nacional de Cancerología, Bogotá, D. C., Colombia.
4  Functional Clinical Unit of Urologic Oncology, Centro de Tratamiento e Investigación sobre Cáncer Luis Carlos Sarmiento Angulo (CTIC), Bogotá, D. C., 

Colombia.
5  Oncology, Instituto Nacional de Cancerología, Bogotá, D. C., Colombia.
6  Comprehensive Support for Information Management, Instituto Nacional de Cancerología, Bogotá, D. C., Colombia.
7  Functional Clinical Unit of Thoracic Oncology, Centro de Tratamiento e Investigación sobre Cáncer Luis Carlos Sarmiento Angulo (CTIC), Bogotá, D. C., 

Colombia.

Citation
Castañeda-Motta C, Beltrán-Jiménez R, Alvarado- 
Sarzosa F, Buitrago-Ramírez M, Cabrera-Fierro M, 
Bruges-Maya R, et al. Characterization of patients  
with testicular germ cell tumors undergoing pulmo- 
nary metastasectomy: experience of a cancer center.  
Rev Col Cancerol. 2026;30(2): 223-37. https://doi.org/ 
10.35509/01239015.1123

Conflicts of interest
The authors declare no conflicts of interest.

Corresponding author
Catalina Castañeda Motta 
Specialist in training at the Specialization in 
Thoracic Surgery, inter-institutional agreement 
Universidad El Bosque - Instituto Nacional de 
Cancerología, Bogotá, D. C., Colombia.

Email: 
catalina103_3@hotmail.com

Caracterización de los pacientes con tumores de células 
germinales testiculares llevados a metastasectomía pulmonar: 
experiencia de un centro oncológico

Characterization of patients with testicular germ cell tumors 
undergoing pulmonary metastasectomy: experience of a cancer 
center

Submission date:	  
Acceptance date: 
Available online:

06/18/2025
05/12/2026
09/01/2026

ttps://doi.org/10.35509/01239015.1123
https://orcid.org/0000-0002-5000-2763
https://orcid.org/0000-0003-2213-2322
https://orcid.org/0000-0002-1731-1935
https://orcid.org/0000-0002-7402-9346
https://orcid.org/0000-0002-0502-439X
https://orcid.org/0000-0002-3649-9515
https://orcid.org/0000-0001-9123-9938
https://orcid.org/0000-0001-5915-0052
https://doi.org/10.35509/01239015.1123
https://doi.org/10.35509/01239015.1123
mailto:catalina103_3@hotmail.com


Revista Colombiana de Cancerología224

con clasificación pronóstica de bajo riesgo según el Grupo Colaborativo 
Internacional sobre Cáncer de Células Germinales (IGCCCG) y de SLP en pa-
cientes con hallazgo histopatológico de ausencia de viabilidad tumoral en  
la resección pulmonar posterior a la quimioterapia. 

Conclusiones: la metastasectomía pulmonar constituye una alternativa 
terapéutica relevante en pacientes con TCG testiculares y enfermedad 
pulmonar residual tras quimioterapia. En esta cohorte se observaron 
resultados favorables de supervivencia, especialmente en pacientes con 
características clínicas e histopatológicas que otros estudios han vinculado 
con un mejor pronóstico. 

Palabras clave: neoplasias testiculares; neoplasias pulmonares; metastasec-
tomía; medición de riesgo; pronóstico; tasa de supervivencia. 

Abstract
Objective: Testicular germ cell tumors (GCTs) are the leading cause of cancer 
in men aged 15 to 45 years. Management consists of radical orchiectomy, 
and in patients with metastatic tumors, adjuvant platinum-based 
chemotherapy is administered. Residual lung disease has been reported 
in 25.0% of cases following first-line chemotherapy, in which pulmonary 
metastasectomy is essential to rule out residual tumor activity. This study 
aimed to describe the clinical outcomes of patients with testicular GCTs who 
underwent pulmonary metastasectomy between 2010 and 2023 after receiv-
ing chemotherapy at the Instituto Nacional de Cancerología (INC) in Colombia.

Methods: A descriptive, longitudinal, retrospective study was conducted. 
Trends in overall survival (OS) and progression-free survival (PFS) were 
described according to clinically relevant characteristics in these patients.

Results: Nineteen patients were included. At 24 months, OS was 89.2%,  
and PFS was 63.6%. The highest OS and PFS estimates were observed in 
patients with metastatic lung disease at diagnosis. High OS estimates were 
also observed in those with a low-risk prognostic classification according  
to the International Germ Cell Collaborative Cancer Group (IGCCCG), and high 
PFS estimates were observed in patients with histopathological findings  
of non-viable tumor at pulmonary resection following chemotherapy. 

Conclusions: Pulmonary metastasectomy is a relevant therapeutic alternative 
in patients with testicular GCTs and residual pulmonary disease after 
chemotherapy. In this cohort, favorable survival outcomes were observed, 
especially in patients with clinical and histopathological characteristics 
linked to better prognosis in other studies. 

Keywords: testicular neoplasms; lung neoplasms; metastasectomy; risk 
assessment; prognosis; survival rate.
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Introduction

Testicular germ cell tumors (GCTs) are rare in the general 
population but are the leading cause of cancer in men aged 
15 to 45 years (1-4). Global incidence has increased in recent 
decades, with an estimated 891 new cases (to be diagnosed)  
in the United States by 2026 (1). According to World Health 
Organization (WHO) data, the incidence of this disease in  
Colombia in 2008 was estimated at 2.8 per 100,000 inhabitants 
(5). However, the “Colombian Testicular Cancer Guidelines,” 
published in 2016, emphasized that the quality of the infor-
mation used by the WHO was rated as C because coverage 
was less than 10.0% of the Colombian population (5), leading  
to an underestimation of the true value of this epidemio
logical data at the national level (2).

Although its etiology is not clearly established, risk fac-
tors have been documented, including a personal history of  
contralateral testicular cancer, a family history of testicular 
cancer in a close relative (in 1.0–3.0% of patients with GCT) (6), 
and a personal history of cryptorchidism (7) or genetic syn-
dromes, such as Klinefelter syndrome (8). An increase from 
3.0% to 6.0% was reported in the worldwide annual incidence 
for 2025, possibly explained by advanced maternal age and  
a possible carcinogenic effect of estrogen and antiandrogen- 
like substances during fetal life and early childhood (1, 4, 6).

Histologically, GCTs are classified as mature teratomas, 
immature teratomas, seminomatous tumors, and nonsemi-

nomatous tumors. The latter are further divided, according  
to cell differentiation, into embryonal carcinoma, choriocarci
nomas, yolk sac tumors, and mixed tumors, the latter containing 
several nonseminomatous components or one seminomatous 
and one nonseminomatous component (1, 5, 9). GCTs account 
for 90.0% of testicular tumors and clinically present as a hard, 
usually asymptomatic, painless testicular mass (9).

Initially, lymphatic spread occurs to retroperitoneal, in-
trapulmonary, mediastinal, and cervical lymph nodes.  
Subsequently, hematogenous dissemination usually occurs, 
most often affecting the lungs and liver (9-11), making 
follow-up crucial after initial management based on orchi-
ectomy in early stages. Because it produces glycoproteins 
of embryonal origin, diagnosis, differentiation, follow-up, 
relapse risk, and prognosis are determined by three tumor 
markers: alpha-fetoprotein (AFP), which is elevated in non-
seminomatous tumors, primarily embryonal carcinoma, 
remains normal in pure seminoma, and, as a differential 
diagnosis, may also be elevated in hepatocellular carcino-
ma; beta fraction of human chorionic gonadotropin (β-hCG), 
which may be increased in nonseminomatous tumors, mainly 
in choriocarcinoma and slightly elevated in some seminoma-
tous GCTs; and lactate dehydrogenase (LDH), whose elevation 
is related to the size and tumor proliferation of GCTs (9).

Given the importance of identifying prognostic factors and  
understanding relapse risk, the International Germ Cell Cancer 
Collaborative Group (IGCCCG) created a prognostic classifica-
tion presented in Table 1 (3-4, 9, 12).

Table 1. International Germ Cell Cancer Collaborative Group (IGCCCG) prognostic classification

Nonseminoma Seminoma

Low risk, good prognosis group

Five-year PFS: 90.0%

Five-year OS: 96.0%

All of the following criteria:

-	 Primary testicular or retroperitoneal

-	 No non-pulmonary visceral metastases

-	 AFP <1,000 ng/mL

-	 β-hCG <5,000 IU/L (1,000 ng/mL)

-	 LDH <1.5 × ULN

Five-year PFS: 89.0%

Five-year OS: 95.0%

All of the following criteria:

-	 Any primary site

-	 No non-pulmonary visceral metastases

-	 Normal AFP

-	 Any β-hCG

-	 Any LDH

Continue...
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Intermediate risk, intermediate prognosis group

Five-year PFS: 78.0%

Five-year OS: 89.0%

Any of the following criteria:

-	 Primary testicular or retroperitoneal

-	 No non-pulmonary visceral metastases

-	 AFP 1,000-10,000 ng/mL

-	 β-hCG 5,000-50,000 IU/L

-	 LDH 1.5-10 × ULN

Five-year PFS: 79.0%

Five-year OS: 88.0%

All of the following criteria:

-	 Any primary site

-	 Non-pulmonary visceral metastases

-	 Normal AFP

-	 Any β-hCG

-	 Any LDH

High risk, poor prognosis group

Five-year PFS: 54.0%

Five-year OS: 67.0%

Any of the following criteria:

-	 Primary mediastinal

-	 Non-pulmonary visceral metastases

-	 AFP >10,000 ng/mL

-	 β-hCG > 50,000 IU/L (10,000 ng/mL)

-	 LDH > 10 × ULN

No patients were classified as having a poor prognosis

AFP: alpha-fetoprotein; β-hCG: beta fraction of human chorionic gonadotropin; IU/L: international units per liter; LDH: lactate  
dehydrogenase; OS: overall survival; PFS: progression-free survival; ULN: upper limit of normal.

The IGCCCG classification determines risk groups based on preoperative tumor markers, primary tumor location, and the presence or 
absence of non-pulmonary metastases.

Source: (12).

In patients with metastatic disease, platinum-based 
chemotherapy after resection of the primary tumor is  
the mainstay of management and has been associated  
with prolonged survival. After this, residual pulmonary  
disease is reported in 20.0-30.0% of cases and may repre- 
sent inflammation, necrosis, teratoma, or viable tumor 
(13-15). Therefore, surgical removal is essential to exclude 
residual tumor activity and to define the management 
plan.This isindicated in cases of nonseminomatous GCT 
with residual pulmonary lesions ≥10 mm after chemo- 
therapy, despite normalized serum tumor markers,  
and when there is suspicion of a teratoma or viable  
tumor (16-18). Given that pulmonary metastasectomy after 
chemotherapy in testicular GCT is recognized as one 
of the models with the best results of multimodal 
therapy against this type of cancer (16), the possibility  

of complete resection of the pulmonary and extrapul- 
monary disease (if the latter is present) should be 
considered (10, 16).

Currently, in Colombia, there is no data on the charac
terization or clinical outcomes of patients with testicular 
GCT metastatic to the lung, nor is the survival pattern 
in this population known. Therefore, this study aimed 
to describe the characteristics and clinical outcomes 
of patients with testicular GCT metastatic to the lung  
who underwent metastasectomy after receiving chemo
therapy at the INC in Colombia, and to assess trends in 
overall survival (OS) and progression-free survival (PFS)  
at 24 months, according to clinically relevant characteristics 
in these patients, to contribute local data.



Revista Colombiana de Cancerología

C. Castañeda-Motta et al.

227

Methodology

A descriptive, longitudinal, retrospective study was con-
ducted within the framework of the STROBE (Strengthening 
the Reporting of Observational Studies in Epidemiology) 
initiative (19-21). The inclusion criteria were: patients over 
18 years of age who were treated at the Instituto Nacional 
de Cancerología (INC) in Colombia, had a diagnosis of tes- 
ticular GCT confirmed by intra- or extra-institutional his-
tology, had lung metastases, and, after chemotherapy, 
underwent pulmonary metastasectomy (pneumonectomy, 
bilobectomy, lobectomy, anatomical segmentectomy, and  
non-anatomical segmentectomy) via open surgery, video- 
assisted thoracoscopy, or robot-assisted thoracoscopy,  
between January 2010 and January 2023. Exclusion criteria 
were patients with uncontrolled primary tumor according  
to the criteria of the oncology or urology services, pa- 
tients with extrapulmonary metastases that had not been  
treated curatively or that were not controlled according 
to the treating services, and patients with a history of cancer  
other than gonadal germ cell tumor.

Subjects were selected by reviewing medical records in  
the institutional SAP registration system, which allowed 
identification of patients who met the inclusion criteria  
and did not meet any exclusion criteria. Data collection 
was performed using an electronic form designed on 
the RedCap 7.1.2 platform and validated by the INC Data  
Analysis Group. Information quality was then verified 
through a review conducted by the INC monitoring office. 
Finally, the statistical analysis of data was performed  
using R-Project v 4.2.2 software (R Foundation for Statistical  
Computing, Vienna, Austria). This research was approved 
by the INC Research Ethics Committee, as recorded in 
Minutes No. 0003 of 2024.

Patient characteristics (demographic, clinical, biomarker, 
and histopathological; IGCCCG prognostic classification; 
and radiological and therapeutic characteristics) were pre-
sented using descriptive statistics to describe the study 
population. For quantitative variables, means or medians 
were reported, along with their corresponding measures 
of dispersion (standard deviation or interquartile range), 
based on each variable’s distribution. For qualitative 
variables, absolute and relative frequencies were reported.

OS was defined as the time from the date of disease diag-
nosis, whether within or outside the institution, to the date  

of death or the last recorded follow-up visit, with the latter  
two being considered censored. PFS was defined as 
the time from the date of the first pulmonary metasta
sectomy to the date of progression of pulmonary or 
extrapulmonary disease (as determined by diagnostic  
imaging), or to the date of death or the last recorded 
follow-up visit, with these outcomes also considered right- 
censored. Survival rates were estimated using the Kaplan- 
Meier method, and confidence intervals were calculated  
using the Bootstrap method (22-25). Given the sample 
size and the descriptive nature of the study, no imputation  
of missing data was performed (complete case analysis) 
(26-27).

Results

Nineteen patients who underwent 27 surgical procedures 
were included. The median age of the patients at the time 
of primary tumor surgery was 24.0 years (interquartile 
range [IQR]    =    21.5-30.5); 10.5% (N    =    2) reported a history 
of smoking, and no patient reported a family history of 
testicular cancer or a personal history of cryptorchidism 
or genetic syndromes such as Klinefelter syndrome.

Complete surgical resection of the primary testicular tumor 
was achieved in 94.7% (N    =    18) of the study population. 
The only patient with R1 resection had compromised sper-
matic cord margins and tumor extension to the epididymis. 
Based on pathology reports, most patients (57.9%; N    =    11)  
had mixed nonseminomatous GCT; of these, 37.0% had  
predominantly embryonal carcinoma, 27.0% endodermal  
sinus carcinoma, 18.0% mature teratoma, and 18.0% imma- 
ture teratoma. The remaining testicular GCTs (26.3%; N  =   5)  
were nonseminomatous; 5.25% (N    =    1) were semino- 
matous; and in 10.5% (N    =    2) pathology report data were  
unavailable because the information was extrainstitutio- 
nal. At the time of testicular GCT diagnosis, 52.6% (N    =    10)  
of the patients had pulmonary metastases. Of these  
cases, 40.0% (N    =    4) also presented with retroperitoneal  
metastases, 40.0% (N    =    4) had metastases in the retro- 
peritoneum and mediastinum, and 20.0% (N    =    2) showed 
additional concurrent involvement of the retroperito- 
neum, mediastinum, and liver. In 15.8% (N    =    3) of patients,  
only pulmonary metastases were evident, while in the ma- 
jority of patients (84.2%; N    =    16), extrathoracic metas- 
tases were identified in two or more sites, all of which  
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were treated or controlled before pulmonary metas- 
tasectomy. Table 2 summarizes the age of the patients,  
as well as the surgical and pathological characteristics  
of the primary tumor, metastases, and tumormarkers of the 
included patients.

Table 2. Characteristics of patients with primary testicular 
GCT undergoing pulmonary metastasectomy (N = 19)

Characteristic N (%) / 
Median (IQR)

Age (years) 24.0 (21.5-30.5)
Type of surgery for primary tumor
  R0 18 (94.7)
  R1 1 (5.3)
Biopsy report of primary tumor
  Mixed nonseminomatous 11 (57.9)
  Nonseminomatous 5 (26.3)
  Seminomatoso 1 (5.3)
  No data 2 (10.5)
Number of organs with other metastatic lesions
  1 3 (15.8)
  2 9 (47.3)
  3 or more 7 (36.8)
Presentation of pulmonary metastases
  Since diagnosis of primary tumor 10 (52.6)
  Relapse during follow-up or treatment 9 (47.4)
Preoperative AFP†
  <1,000 IU/L 6 (31.6)
  1,000-10,000 IU/L 2 (10.5)
  No report 11 (57.9)
Preoperative β-hCG value†
  <5,000 IU/L 8 (42.1)
  5,000-50,000 IU/L 1 (5.3)
  No report 10 (52.6)
Preoperative LDH value†
  Normal 5 (26.3)
 1.5 to 10 times the normal value 5 (26.3)
  No report 9 (47.3)

AFP: alpha-fetoprotein; β-hCG: beta fraction of human chorionic 
gonadotropin; IQR: interquartile range; LDH: lactate dehydrogenas. 
†: for the management of primary testicular tumor

According to the inclusion criteria, 100.0% (N    =    19) of  
patients received chemotherapy for pulmonary and extra
pulmonary metastases. The bleomycin, etoposide, and 
cisplatin (BEP) regimen was the most commonly used  
(N = 13; 68.4%), while the remaining patients (N    =    6; 31.6%) 

received the vinblastine, ifosfamide, and cisplatin (VIP)  
regimen. All patients undergoing metastasectomy had their 
extrapulmonary involvement controlled. Subsequently, 
6 patients received systemic treatment after pulmonary 
metastasectomy, either because viable tumor was found 
during the pulmonary metastasectomy or because tumor 
markers were elevated, despite a histopathological report 
of a mature teratoma, with consideration of an immature 
component or disease progression. Of these 6 patients: 
two received etoposide + cisplatin, one received interferon 
alpha, one underwent BEP, and two received autologous 
bone marrow transplantation. None received maintenance 
chemotherapy.

Characteristics of pulmonary 
metastasectomy

Among the patients, 63.2% (N    =    2) had more than 3 pul-
monary metastases, and 57.9% (N    =    11) of these were 
bilateral. Of these patients, 31.6% (N    =    6) underwent contra-
lateral pulmonary metastasectomy, 21.1% (N = 4) were under  
observation because histopathological results showed non- 
viable tumor, and 5.3% (N = 1) died 30 days after surgery from 
tumor lysis syndrome. 63.2% (N    =    12) required a single me-
tastasectomy, while 36.8% (N = 7) underwent two or more,  
with a median time between the first and second metasta-
sectomy of 4.6 months (IQR = 2.04–23.5). The most frequen- 
tly used procedure was non-anatomical segmentectomy 
(68.4%; N    =    13), performed with thoracoscopic assistance 
(47.4%; N    =    9). Only one patient had an R1 resection during 
metastasectomy, with the intention of receiving further  
management, but this patient died 30 days postoperatively.

Pathology results from the 27 surgical procedures  
reported a 40.7% (N    =    11) complete response rate with ne- 
crosis or fibrosis, a 37.0% (N    =    10) mature teratoma rate,  
and a 22.2% (N    =    6) viable malignant cell rate. For these 
cases, another line of VIP chemotherapy, EP (etoposide + 
platinum) or the Taxol® (trade name for paclitaxel),  
ifosfamide,  and platinum (TIP) regimen, was selected.  
Furthermore, 68.4% (N = 13) of the patients were classified 
as high risk according to the IGCCCG criteria.

Table 3 summarizes the main characteristics of pulmo-
nary metastases, surgical management, pathology results, 
and progression data.
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Table 3. Characteristics of pulmonary metastases, surgical management, pathology results, and progression in patients 
with testicular GCT (N = 19)

Characteristic Categories N (%)

Number of pulmonary metastases 1 7 (36.8)

More than 3 12 (63.2)

Laterality of metastases Unilateral 8 (42.1)

Bilateral 11 (57.9)

Number of pulmonary metastasectomies 1 12 (63.1)

2 6 (31.6)

3 1 (5.3)

 Type of intervention Non-anatomical segmentectomy 13 (68.4)

Anatomical segmentectomy 3 (15.8)

Combined 3 (15.8)

Approach Thoracoscopy 9 (47.4)

    Open 8 (42.1)

Robotic 2 (10.5)

Complete resection of pulmonary metastasis Yes 18 (94.7)

No 1 (5.2)

IGCCCG prognostic classification Low risk 2 (10.5)

Intermediate risk 4 (21.0)

High risk 13 (68.4)

Mediastinal lymph node sampling Yes 7 (36.8)

   Positive   1 (14.3)

   Negative   6 (85.7)

No 12 (63.2)

Progression of pulmonary disease after metastasectomy Yes 3 (15.8)

No 16 (84.2)

Progression of extrapulmonary disease after metastasectomy Yes 6 (31.6)

No 13 (68.4)

IGCCCG: International Germ Cell Cancer Collaborative Group.

The median follow-up time was 22.6 months (IQR = 14.8–48.0).  
Pulmonary progression occurred in 15.8% (N    =    3) of cases,  
and extrapulmonary progression without death at the last 
vital status validation was documented in 10.5% (N    =    2)  
of patients. At the last follow-up in September 2024,  
68.4% (N    =    13) of patients were alive and disease-free,  
with no pulmonary or extrapulmonary progression,  
and 26.3% (N    =    5) were at high risk according to the IGCCCG  

prognostic classification. 31.6% (N    =    6) of patients died;  
of these, 16.7% (N    =    1) experienced pulmonary progression, 
66.6% (N    =    4) experienced both pulmonary and extrapulmo-
nary progression, and 16.7% (N    =    1) died 30 days postopera
tively from tumor lysis syndrome. The 24-month OS rate  
was 89.2% (CI95% = 72.7-97.5), and the 24-month PFS rate was 
63.6% (CI95% = 39.4-88.2) (Figure 1).
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Figure 1. Survival function using the Kaplan-Meier method in patients with testicular GCT undergoing pulmonary metastasectomy. 
Outcomes were evaluated at 24 months; however, Kaplan-Meier curves show the full follow-up available for the cohort.

Estimates of overall and progression-free survival

Table 4 presents the 24-month survival rates. The highest OS rate (100.0%) was observed in patients classified as low 
risk according to the IGCCCG criteria, in those with pulmonary metastases at the time of testicular GCT diagnosis, and in 
those with viable tumors on histological examination of the pulmonary metastasectomy specimen. The highest PFS rates  
were recorded in patients classified as intermediate/high risk according to the IGCCCG criteria (65.9%), in those with pul- 
monary metastases at diagnosis (90.0%), and in those with non-viable histopathological findings in the pulmonary  
resection specimen (64.5%) (Figure 2).

Table 4. 24-month OS and PFS using the Kaplan-Meier method in patients with testicular GCT undergoing pulmonary 
metastasectomy

Characteristic Overall survival 
% (CI95%)

Progression-free survival
% (CI95%)

All patients 89.2 (72.7-97.5) 63.6 (39.4-88.2)

IGCCCG prognostic classification 100.0 50.0 (12.5-100.0)

 Low risk 87.8 (70.1-99.9) 65.9 (40.3-88.2)

  Intermediate/high risk

Presentation of pulmonary metastasis 100.0 90.0 (70.0-99.9)

  Since testicular GCT diagnosis 77.8 (44.4-99.9) 33.8 (12.7-75.0)

  After testicular GCT diagnosis

Histology of pulmonary lesions 100.0 60.0 (20.0-99.9)

  Viable 85.1 (62.7-99.7) 64.5 (34.2-91.7)

  Non-viable†

CI: confidence interval; GCCCG: International Germ Cell Cancer Collaborative Group; GCT: germ cell tumor
†: Includes necrosis or fibrosis and mature teratoma.
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Figure 2. Kaplan-Meier curves for OS and PFS, based on: IGCCCG prognostic classification (criteria A and D), pulmonary metastasectomy 
histology (criteria B and E; the non-viable category includes necrosis or fibrosis and mature teratoma), and the presentation  
of pulmonary metastasis relative to the primary tumor diagnosis (criteria C and F). Outcomes were assessed at 24 months; however,  
the Kaplan-Meier curves reflect the full follow-up available for the cohort.
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with OS higher than the values reported at 5 and 10 years 
in the studies just discussed.

Recommendations for performing metastasectomy after 
chemotherapy were based on the serological response 
of tumor markers and the lung computed tomography 
response to chemotherapy (31, 46-47). This surgical 
procedure was best suited for patients with three or fewer 
pulmonary metastatic lesions, always with the goal of 
preserving lung parenchyma and achieving R0 resections. 
A median OS of 106.5 months was observed for R0 resec- 
tions, compared with 16.7 months for R1 and R2 resections 
(p  =  0.0047) (16, 47-49). Furthermore, it was documented 
that patients undergoing incomplete resection were asso- 
ciated with poor outcomes, regardless of tumor type  
(30, 37, 50-51). A high percentage of complete resections  
(88.2%) (41) has been reported, close to that obtained  
in the present study with R0 resections (94.7%).

Additionally, as described in the 2019 expert consensus on 
pulmonary metastasectomy (16), lymph node evaluation 
by dissection or sampling should be considered, even in 
patients without imaging findings suggestive of medias-
tinal lymph node involvement, to assess for unexpected 
nodal involvement and possible concomitant lymph 
node metastasis. This involvement has been documented 
in germ cell tumor patients in up to 11.0% of cases and 
predicts poor OS (16, 41, 51), with reports of up to a 50.0% 
decrease in 3- to 5-year OS in patients with intrathoracic 
lymph node involvement (52). In the present study, lymph 
node metastasis was present in 14.3% of the 7 lymph node 
samples examined. Similarly, in a retrospective series  
of 883 patients undergoing pulmonary metastasectomy  
for a variety of pathologies, the 3-year OS reported for pa-
tients with lymph node metastases was 38.0%, compared  
to 69.0% for their counterparts (53). Therefore, in 2010, 
the European Society of Thoracic Surgeons advocated for 
mediastinal lymph node sampling before metastasectomy 
and suggested that best practice would be to exclude 
patients with thoracic lymph node disease from pulmonary 
metastasectomy (54-55). However, a counterargument 
is that lymph node assessment allows stratification of 
patients for different treatment strategies, since patients 
with curative pulmonary metastasectomy and negative 
lymph nodes may be more suitable for observation, while 
those with positive lymph node disease may benefit from 
systemic treatment (16, 56-57). 

Discussion

Pulmonary metastasectomy after platinum-based 
chemotherapy is frequently used to treat metastatic 
testicular GCT (28), and it is estimated that approximately 
20.0% of patients with nonseminomatous germ cell 
tumors will require intrathoracic metastasectomy after 
chemotherapy (29). Because the histology of this residual 
disease may correspond to inflammation, necrosis, 
teratoma, or viable tumor, surgical resection outcomes 
serve as a guide for subsequent treatment (16, 30-31). 

The correct selection of patients who will undergo 
pulmonary metastasectomy should consider the criteria 
proposed in the first publication of the pulmonary 
metastasectomy series in 1947 (32) and in its 1965 revision 
(33), with minor changes, which remain relevant: 

1)	 The primary tumor must be controlled.
2)	 The metastases appear technically resectable, 

with the goal of achieving complete resection.
3)	 The overall and functional risks are tolerable.
4)	 The availability of effective systemic chemotherapy 

as combination therapy.
5)	 Difficulty in differential diagnosis of primary lung 

cancer.
6)	 No other treatment was effective except resection.
7)	 Presence of symptomatic pulmonary metastases, 

such as pneumothorax or hemoptysis (17, 34-39).

It should be noted that criteria 1, 2, 3, and 4 were part  
of the inclusion criteria for patients in this study,  
and criterion 2 was met in 94.7% of these patients.

The 5-year and 10-year OS for patients undergoing 
pulmonary metastasectomy have been reported as 68.0-
71.0% (14, 40-42) and 62.0-75.0% (32, 40), respectively, 
similar to those reported by a multicenter study in Brazil, 
which reported a five-year survival rate of 65.1% (43). Other 
studies reported 10-year survival rates of 75.3% (41) and 
as high as 94.3%, with no surgery-related mortality (29) 
or at most rates as low as less than 2.0% (44). Meanwhile, 
PFS rates at 30 and 60 months were 73.0% (45) and 68.0%, 
respectively (30). The survival rates obtained in the present 
study at 24 months were OS of 89.2% and PFS of 63.6%,  
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When an increase in markers, an incomplete resection, or 
a histopathological report of viable tumor is documented, 
the recommendation is VIP, TIP or EP salvage therapy, or 
bone marrow transplantation (49).  In the present study, 
these interventions were used in 31.5% (N = 6) of patients: 
in 66.6% (N = 4) of them due to a histopathology report 
of viable tumor and in 33.3% (N = 2) due to an increase in 
markers.

In the presence of contralateral lesions, these can be 
observed if the histology of the unilateral pulmonary 
metastasectomy demonstrates complete tumor necrosis 
(16), given the 90.0% pathological concordance between 
the lungs (58). On the other hand, if the resection  
of the residual lesion was complete and more than  
10.0% of the tumor cells were viable, the indication 
is to continue with a second line of chemotherapy 
(46); if it was incomplete, the indication is salvage 
therapy (49, 59). Finally, if persistent malignant residual 
disease or malignant transformation of the teratoma 
is present, pulmonary metastasectomy is performed in 
selected patients, preserving as much lung parenchyma 
as possible (14, 60-61). In the present study, 57.9% 
(N = 11) of the patients presented bilateral lesions,  
of which 36.4% (N = 4) were observed due to histopa- 
thology reports of necrosis, fibrosis, or mature teratoma;  
45.4% (N = 5) reported viable tumor with an indication for 
second metastasectomy and second line chemotherapy; 
however, 5.2% (N = 1) of the patients died 30 days post-
surgery from tumor lysis syndrome, so did not receive this 
treatment. The remaining 18.1% (N = 2) reported mature 
teratoma associated with positive markers and conside- 
ration of some immature component, so contralateral 
metastasectomy was decided.

Some studies have attempted to predict, preoperatively, 
the histology of residual lesions to avoid surgery in patients 
with a benign residual mass, but to date no parameter has 
been established as a reliable predictor (14, 30, 62-65).

According to the literature, progression or recurrence of 
metastatic disease in the lungs after metastasectomy 
may occur in approximately 29.7-32.0% (23, 66) and in up 
to 50.0% of patients (48, 65). The objective of performing 
repeat pulmonary metastasectomy in the absence of sys-
temic treatment is to prolong OS (14, 29, 41, 44, 66–69), 
since a cure is unlikely in these cases, with reported 5-year 
OS > 33.0% (70) or as high as 44.0% (71). Some articles 

reported repeated pulmonary metastasectomy due to dis- 
ease progression in 14.2% of cases (46) or up to 21.2% (66), 
whereas in the present study the percentage was 10.5% 
(N = 2).

Poor prognostic factors for pulmonary metastasectomy 
in testicular GCT have been described and studied:

1)	 Elevated levels of tumor markers such as AFP and 
β-hCG, with 5-year OS reported at 50.0% in cases of 
elevated markers, compared to 87.2% in cases of nor-
mal levels (30).

2)	 The presence of metastases in multiple organs or 
multiple metastases in the same organ, especially  
non-pulmonary visceral metastases (p = 0.0069) (14, 
51).

3)	 The radicality of the surgery or involvement of the sur- 
gical margin (17, 38, 51, 71-72), achieving complete  
resections in 76.0-97.6% of cases (30, 72-73), a percen- 
tage that in the present study was 94.7%. Some studies  
have reported estimated 3-year OS rates of 80.9%  
for complete resections and 28.6% for incomplete re-
sections (30).

4)	 A disease-free interval of less than 6 months (50-51,  
71) or less than 36 months has been shown to be  
a strong prognostic factor for 5-year OS, and 33.0% for  
disease-free survival of <36 months versus 45.0% 
for >36 months (49).

5)	 Absence of lymphadenopathy (10, 16, 41, 51).

6)	 High-risk IGCCCG classification at diagnosis (51, 74).

7)	 Viable histology of the resected disease after chemo-
therapy (13-16, 30, 61, 42).

8)	 Chest wall infiltration (41).

In this study, factors such as the IGCCCG prognostic clas-
sification of the primary tumor, the timing of presenta-
tion of pulmonary metastases, and the histological results 
of residual pulmonary lesions were characteristics that  
showed some association with OS and PFS. The latter  
factor has been extensively studied because almost  
46.0-75.0% of patients present with benign transforma- 
tion (25.0-52.0% teratoma and 21.0-50.0% necrosis or  
fibrosis) and 25.0-45.0% with persistent malignant disease 
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(15.0% residual nonseminomatous gonadal germ cell 
tumor and 10.0% non-germ cell degenerative cancer) 
(13, 15, 46). Other studies show that approximately 8.3%  
of all metastasectomies contain viable GCT, while the re- 
maining 91.7% contain necrosis/fibrosis or mature tera- 
toma (29). In the present study, these percentages were:  
40.7% necrosis or fibrosis, 37.0% mature teratoma,  
and 22.2% viable tumor. Additionally, the 10-year OS has 
been reported to be 43.0% for patients with viable tumor, 
86.0% for those with necrosis or fibrosis, and 84.0% for 
those with mature teratoma (p < 0.0001) (9). Meanwhile,  
the reported 5-year OS is 49.6% in patients with viable  
malignant tumor cells and 82.8% in patients with only  
necrosis, fibrosis, or teratoma (22). The present study  
documented a 24-month OS of 100.0% in viable tumors  
and 85.1% in non-viable tumors, and a 24-month PFS  
of 60.0% in viable tumors and 64.5% in non-viable tumors.

Following appropriate chemotherapy, pulmonary metas-
tasectomy in selected patients, as part of comprehensive 
management, has been shown to increase DFS rates (10, 13, 
29, 42) and has been associated with low operative morbid-
ity and mortality rates (1.0%) (29), an approach consistent 
with the results of the present study. Notably, identifying 
risk factors that affect prognosis is crucial for providing  
optimal therapeutic strategies.

The limitations of this study stem from its observational, 
retrospective design, small sample size, and the fact that 
it was conducted at a single cancer center in the country. 
Furthermore, the vast majority of participants presented 
with metastatic lesions in multiple organs. A significant 
percentage of tumor marker levels were unavailable be-
cause, in several patients, treatment for the primary 
testicular tumor was provided outside the institution.  
Finally, although the Kaplan-Meier method is a widely ac-
cepted non-parametric approach for estimating survival 
curves, even in small samples, survival estimates and their  
confidence intervals may be less precise and more vari-
able due to the small sample size and the lower number  
of observed events. Despite these limitations, this series, 
along with a study conducted in Brazil, provides infor-
mation on the demographic, clinical, and histological 
characteristics of patients with testicular GCT metastatic 
to the lung and allows for a description of their clinical 
outcomes.

Conclusiones

In this series of patients with testicular GCT undergoing 
pulmonary metastasectomy after platinum-based chemo-
therapy, favorable OS and PFS estimates were observed at 
24 months. The highest estimates for both outcomes were 
recorded in patients with pulmonary metastatic disease at 
diagnosis; high OS estimates were also observed in those 
with a low-risk IGCCCG prognostic classification, and high 
PFS estimates were obtained in patients with histopatho-
logical findings without tumor viability. These findings sug-
gest that pulmonary metastasectomy may be a relevant 
therapeutic strategy within the multidisciplinary approach 
to selected patients with residual pulmonary disease af-
ter chemotherapy. However, studies with greater statistical 
power and analytical designs are needed to confirm these 
results.
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