
ORIGINAL ARTICLES

Role of Postchemotherapy Surgery in the Management
of Patients With Liver Metastases From Germ Cell Tumors
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Objective: To evaluate the role of postchemotherapy adjunctive
surgery in patients with liver metastases from germ cell cancer
(GCT).
Patients and Methods: Forty-three male patients with nonsemi-
noma were treated in different multicenter treatment protocols
between 1990 and 1999, and they underwent hepatic surgery. The
results of postchemotherapy surgical resection, histologic findings
found during postchemotherapy surgery, and prognostic factors for
survival were assessed.
Results: Thirty-five of 43 patients (81%) were initially diagnosed
with liver metastases and advanced GCT, and 8 patients (19%)
presented with metachronous liver metastases after a median inter-
val of 16 months (range, 6–103 months). Twelve patients (28%) had
isolated liver metastases after completion of chemotherapy, while 31
patients (72%) had additional residual extrahepatic tumor masses.
Liver surgery included tumor excision or segmentectomy in 32
patients (74%) and hepatectomy (right/left) or resection of multiple
segments in 11 patients (26%). Histologic analysis of postchemo-
therapy resected residua yielded necrosis in 67%, teratoma in 12%,
and viable cancer in 21%. Additional resections at other sites have
been performed in 31 patients revealing necrosis in 61% (n � 19),
teratoma in 29% (n � 9), and vital carcinoma in 10% (n � 3). In
39% of patients, histologic findings differed among liver and other
resection sites. Refractoriness to chemotherapy was associated with
a shorter survival after surgery, and a trend was seen in patients with
elevation of AFP.

Conclusion: The high rate of viable cancer and teratoma found in
liver specimens, differing histologic results at residual tumor loca-
tions, and the high survival rate achieved support a multidisciplinary
approach including resection of liver masses since no accurate
selection of patients can narrow the use of surgery.

(Ann Surg 2005;242: 260–266)

With the introduction of cisplatin-based combination
chemotherapy, approximately 70% to 80% of patients

presenting with metastatic germ cell tumors (GCT) will
achieve long-term survival.1 In contrast, the 5-year overall
survival rate for patients with liver involvement is approxi-
mately 49%.2 Therefore, patients are classified as “poor
prognosis” according to the IGCCCG classification regard-
less of the other extent of metastases or concentration of
serum tumor markers.2 For patients with normalized serum
tumor markers, resection of residua after chemotherapy is an
important part of the management of metastatic nonsemino-
matous GCT.3 It serves to assess response, remove chemo-
therapy-resistant disease, and potentially direct additional
chemotherapy. There are few published reports focusing on
the benefit of postchemotherapy surgery in patients with liver
metastases.4,5 We here report the experience of postchemo-
therapy surgery in consecutive patients with metastatic GCT
treated within study protocols of the German Testicular
Cancer Study Group (GTCSG). The histologic findings at
hepatic surgery, the morbidity associated with liver surgery,
prognostic factors for survival, and the role of surgery in
patients with additional extrahepatic sites are reported.

PATIENTS AND METHODS

Patients
A total of 117 patients with liver metastases from GCT

were treated with chemotherapy on prospective clinical trials
within different multicenter treatment protocols of the
GTCSG between 1990 and 1999 at the cancer centers of
Tuebingen, Charite Campus Berlin, Essen, Hannover, and
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Stuttgart. Forty-three of these patients underwent surgical
resection for residual liver disease after completion of che-
motherapy and are the subjects of this series. All patients
signed informed consent for a clinical trial approved by the
Tuebingen institutional review board. Treatment regimens
and results of the clinical trials have been published previ-
ously,6,7 with the exception of an ongoing trial for poor-risk
patients.8 Seventy-four (63%) of the 117 patients did not
undergo postchemotherapy hepatic surgery and are excluded.
Main reasons have been the achievement of a complete
remission (n � 15), unfavorable response (n � 14), more
than 3 sites with residuals masses (n � 27), as well as patient
refusal (n � 12). In the remaining patients who had attained
serologic complete remission but with persistent minor radio-
graphic abnormalities, individual investigators have chosen
to observe such patients without surgery (n � 6) (Fig. 1).

For the data collection, a standardized questionnaire
was sent to each center and completed by one of the local
investigators. The following data were considered: patient
characteristics, such as the demographics including age, lo-
cation, and histology of the primary GCT; the extent of the
disease; serum tumor marker concentrations of human �-cho-
rionic gonadotropin (�-HCG), alpha-fetoprotein (AFP), and
lactate dehydrogenase (LDH); and details on diagnostic
methods, initial, and subsequent treatment including chemo-
therapy, surgery, evaluation of responses to treatment, and
follow-up data. The completed questionnaires were checked
for plausibility and data consistency at Tuebingen University
Medical Center.

Response Assessment
Complete remission was defined as a complete disap-

pearance of all evidence of disease. A partial response with

marker normalization (PRm-) was defined as radiologic re-
sponse �50% in tumor size and normalization of the tumor
markers. PR without marker normalization (PRm�) was
defined as a response �50% in size but no complete normal-
ization of serum tumor markers. Progressive disease was
defined as either residual lesions increasing in size or occur-
rence of new lesions or increase in serum tumor marker
concentrations.

Surgery and Classification of Histologic
Findings

Surgery was carried out within 3 months after the end
of chemotherapy. Various surgical interventions were per-
formed within a 3- to 6-week interval, except for 5 patients
with one-stage operations. All histopathologic slides were
diagnosed and classified by each center’s Pathology depart-
ment. Resected specimens were categorized according to the
following criteria: necrosis referred to findings of necrotic
debris only in the resected specimen and differentiated tera-
toma referred to the finding of mature teratoma in the absence
of either malignant transformation or GCT such as embryonal
carcinoma, yolk sac carcinoma, choriocarcinoma, or semi-
noma. Any of the latter histologic findings were considered as
viable cancer as well as teratoma with malignant transforma-
tion. In case of a complete resection of all residual masses,
patients were categorized depending on the histologic results as
no evidence of disease (NED) after resection of either viable
cancer, differentiated teratoma, or necrosis (pCR) in case of
complete resection of all metastatic sites. During the first 2
years, follow-up examinations were performed every third
month. The interval was thereafter prolonged to 6 months in the
third year and to annually from the fourth year on.

Statistical Analysis
For all patients, the current status of May 2003 was

gained. The univariate analysis on prognostic factors for
overall survival consisted of the following categorial vari-
ables: age, evidence of extrahepatic metastases, AFP-, HCG-
and LDH-elevation at presence of liver metastases, number of
residual liver metastases (single versus multiple), line of
chemotherapy (induction versus salvage), sensitivity to pla-
tin-based chemotherapy (remission with marker normaliza-
tion versus none), simultaneous versus sequential resections,
extent of secondary liver resection (“limited” excision or
segmentectomy versus “extensive,” left or right hepatectomy,
or multiple segmentectomies) and histology of liver metasta-
ses (necrosis, teratoma, viable cancer). All data were entered
in a personal computer at the Tuebingen University Medical
Center, Germany. All statistical analyses were performed
with the use of the SPSS system (SPSS for windows 10.0
software, SPSS Inc., Chicago, IL). The histologic features of
the liver metastases were compared with those resected at
other metastatic sites using the Student t test. The Kaplan-FIGURE 1. Patients.
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Meier method was used to calculate survival data.9 The
overall survival calculation used death due to any reason as
the endpoint. A 2-sided log rank test was used. Exact 95%
confidence intervals around the observed response rate were
calculated from the binominal distribution. The level of
significance was set to 0.05.

RESULTS

Disease Presentation
Thirty-five of the included 43 patients (81%) were

initially diagnosed with “poor prognosis” GCT according to
the IGCCCG classification including synchronous liver me-
tastases. Eight patients (19%) had metachronous liver metas-
tases diagnosed after a median time interval of 16 months
(range, 6–103 months) after initial diagnosis of GCT and
completion of induction chemotherapy. Two of them pre-
sented with isolated liver metastases and 6 patients with liver
metastases and extrahepatic tumor sites.

Thirty-five patients (81%) had gonadal primaries. In all
patients, histology of the primary tumor revealed nonsemi-
nomatous GCT. Sites of metastases included retroperitoneal
lymph node (LN) metastases in 88% (n � 38), lung metas-
tases in 72% (n � 31), mediastinal LN involvement in 21%
(n � 9), bone metastases in 7% (n � 3), and metastases to the
central nervous system in 5% (n � 2).

At the time of diagnosis of liver metastases, 15 patients
(35%) had a single liver lesion and 28 patients (65%) had
disseminated lesions in both liver lobes. Elevated levels of
the serum tumor markers AFP, �-HCG, and LDH were found
in 56% (n � 24), 72% (n � 31), and 63% (n � 27),
respectively.

Details of the patient characteristics at primary diagno-
sis are summarized in Table 1.

Chemotherapy Prior to Liver Surgery
Thirty-five of the patients (81%) have received cispla-

tin-based combinations as induction and 8 patients (19%) as
salvage treatment. Three patients (7%) had received addi-
tional radiation therapy at other locations outside the liver: 2
of them for brain metastases and a single patient for bone
involvement. Thirty-three of the patients (74%) had received
dose-intensified chemotherapy plus autologous stem cell
transplantation according to the HD-VIP or paclitaxel-HD-
VIP7,8 protocol (n � 27) and 6 patients (20%) to the TIP/
HD-CET regimen.6

Twenty-eight patients (65%) achieved a marker-nega-
tive partial response. Fifteen patients (35%) attained a partial
response without marker normalization. The postchemo-
therapy tumor assessment revealed extrahepatic residual dis-
ease in 31 patients (72%), eg, in the retroperitoneum (n � 29,
90%), lungs (n � 7, 16%), and in spleen, pancreas, and
kidneys (n � 1 each, 2%).

Secondary Resection of Liver Metastases
The type of liver surgery, different procedures of the

resection of extrahepatic residual tumor masses, and the
results of the histologic examination are outlined in Table 2.

In total, 81 resections were performed in 43 patients.
Twelve patients (28%) underwent only hepatic resections of
residual tumor masses. Twenty-five patients (58%) had si-
multaneous resections of hepatic and extrahepatic lesions and
in 6 patients (14%) 15 sequential surgical procedures includ-
ing hepatic and at least one extrahepatic tumor resection were
performed.

In 32 patients (74%), the extent of liver resection has
been restricted to either excision/atypical resection (n � 10)
or segmental resection (n � 22). Eleven patients (26%)

TABLE 1. Characteristics of Patients With Metastatic
Nonseminomatous Germ Cell Cancer Undergoing Secondary
Resection of Liver Metastases (n � 43)

No. of
Patients %

Age (yr) (range) 29 (18–54)
Localization of primary tumor

Gonadal 35 81
Retroperitoneal 7 16
Mediastinal 1 2

Sites of metastatic disease
Liver 43 100
Retroperitoneal lymph nodes 38 88
Lung 31 72
Mediastinal lymph nodes 9 21
Bone 3 7
CNS 2 5
Other 9 21

Prechemotherapy serum tumor markers
AFP 23 53

2126 kU/L (range, 19–40,050)
�-HCG 30 70

134,232 U/L (range, 16–4,625,000)
LDH 28 65

787 U/L (range, 312–5010)
Preoperative serum tumor markers

Elevated AFP and/or �-HCG 15 35
Normal 28 65

Chemotherapy regimens
Etoposide/cisplatin/ifosfamide (VIP) 8 19
Paclitaxel/ifosfamide/cisplatin (TIP) 2 5
TIP � HD-carboplatin/etoposide/thiotepa 6 14
HD-VIP � paclitaxel 27 63

AFP indicates alpha-fetoprotein; �-HCG, human �-chorionic gonadotro-
pin; LDH, lactate dehydrogenase; CNS, central nervous system.
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underwent an extended liver surgery either with left- or
right-sided hepatectomy or multiple segmental resection. In
total, 4 patients (9%) experienced major perioperative com-
plications. One patient required reoperation because of he-
patic bleeding after left hepatectomy (2%). None of the
patients died of surgery-related complications.

Hepatic and Extrahepatic Resection Specimens
Resections of liver metastases revealed necrosis in 29

patients (67%), differentiated teratoma in 5 patients (12%),
and viable cancer in 9 patients (21%). Surgical exploration of
the extrahepatic residual tumor masses yielded necrosis in 19
patients (61%), differentiated teratoma in 9 patients (29%),
and viable cancer in 3 patients (10%). Table 3 compares the
histologic findings at hepatic and extrahepatic residual tumor

sites. In patients with different histologic findings, the worst
case of histology was taken into account.

Twelve of the 31 patients (39%) who underwent liver
surgery and one or more resections at other sites showed
dissimilar histologic findings in hepatic and extrahepatic
tumor masses. Five of these 12 patients (42%) demonstrated
less favorable pathologic features (mature teratoma or viable
cancer) at liver resection and necrosis at the other sites, while
in 7 patients (56%) histopathologic results revealed necrosis
in the liver and teratoma or viable cancer at the extrahepatic
sites. In addition, 2 patients showed dissimilar histologic
findings within 2 extrahepatic locations (6%).

Outcome
The remission status after postchemotherapy surgery

was pCR in 27 patients (63%), NED teratoma in 3 patients
(7%), and NED viable cancer in 7 patients (16%). Six patients
(14%) had progressive disease after chemotherapy and in-
complete secondary resections. Extensive secondary surgery
rendered 10 patients disease-free considering hepatic and
extrahepatic tumor locations (to a total rate of 86%). After a
median follow-up time of 23 months (range, 8–216 months)
in all patients and of 37 months (range, 16–216 months) in
surviving patients, 34 patients (79%) were alive. Twenty-
seven of them (79%) had no evidence of disease and 7
patients (21%) were alive with persistent disease. Two of 7
patients (29%) had progressive disease both at intrahepatic
and extrahepatic sites; 5 patients experienced an extrahepatic
relapse (71%). Within the follow-up period, 9 patients died of
disease (21%): 2 of them due to progression of liver metas-
tases and 7 patients due to systemic progression. The calcu-
lated 5-years survival is 70.9% (95% confidence interval,
54.6–87.2).

TABLE 2. Surgical Procedures and Histologic Results in
Patients With Liver Metastases (n � 43) and Extrahepatic
Residual Tumor Masses (n � 31)

No. of
Patients %

Technique of liver metastases resection
(n � 43)

Enucleation/atypical resection 10 18
Segmental resection 22 49
Left or right hepatectomy 11 26

Histopathologic results at hepatic resection
(worst result*)

Necrosis 29 67
Teratoma 5 12
Viable cancer 9 21

Timing of liver surgery and of extrahepatic
residual tumor surgery (n � 31)

Simultaneous 23 74
Sequential 8 26

Types of surgery at extrahepatic sites
RLA 23 74
Thoracic surgery 2 7
RLA � thoracic surgery 3 10
Thoracic surgery � splenectomy 1 3
Thoracic surgery � partial

pancreatectomy
1 3

RLA � thoracic surgery �
nephrectomy

1 3

Histopathologic results at extrahepatic sites
(worst result*)

Necrosis 19 61
Teratoma 9 29
Viable cancer 3 10

*In case of more than one resected lesion.
RLA, retroperitoneal lymphnodectomy.

TABLE 3. Comparison of Histologic Findings at Resection
of Liver Metastases and of Extrahepatic Residua (n � 31
Patients)

Liver
Metastases

Extrahepatic Metastases

Viable
Cancer Teratoma Necrosis Total (%)

Viable cancer 0 2 2 4 (13)
Teratoma 0 3 1 * 4 (13)
Necrosis 3 † 4 16 ‡ 23 (74)
Total (%) 3 (10) 9 (29) 19 (61) 31

*One patient with additional mature teratoma in another secondary
resection.

†One patient with necrosis in another extrahepatic location.
‡Four patients with necrosis in all (intrahepatic and extrahepatic) resected

locations.
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Prognostic Factors for Survival
Negative factors for survival were the elevation of serum

tumor marker AFP at diagnosis of liver metastases and refrac-
toriness to chemotherapy. Neither age, nor synchronous nor
metachronous appearance of liver metastases, nor extent of
hepatic surgery, nor the histologic results of resected hepatic
residual tumors were of significant prognostic importance. The
results of the univariate analysis are listed in Table 4.

DISCUSSION
The initial presence of liver metastases represents an

independent “poor prognosis” criterion for patients with met-
astatic nonseminomatous gonadal and extragonadal GCT.2,10

Postchemotherapy surgical removal of residual tumor masses
in patients with metastatic GCT is an established adjunctive
treatment. Particularly in patients with nonseminomatous
GCT, resection is recommended since accurate noninvasive
methods to predict necrotic tissue after chemotherapy are
lacking.11,12 After completion of induction chemotherapy,
15% to 20% of residual tumor masses histologically contain
viable cancer, 45% to 50% necrotic tissue, and 30% to 40%
mature teratoma.13,14 In case of differentiated teratoma, often
non-GCT components with the propensity to transform into
sarcomas or other solid cancer types may be present. There-
fore, the majority of investigators advise the excision of all
tumor residua if technically feasible because there is a high
chance of different histologic results being present in patients
with more than one metastatic site. Dissimilar histologic
results at different anatomic localizations have been reported
in 25% to 47% of patients.3,15–21

The therapeutic options for patients with liver metasta-
ses are less well described because they usually represent a
group of patients presenting with multiple tumor sites, often
technically difficult to resect; however, complete resection of
residual tumor masses contributes to a long-term cure. He-
patic surgery in patients with GCT has to date only been
specifically addressed in 2 publications. One series comprised
of 57 male patients revealing necrosis in 16%, residual
teratoma in 51%, and residual GCT in 33% of the total of 60
hepatic resections.4 Sixty-eight concomitant procedures have
been performed, including mainly retroperitoneal lymphade-
nectomy and thoracic procedures, but also cholecystectomy,
nephrectomy, and inferior vena cava resections. Extrahepatic
metastases were present in 51 of 57 patients (89%). Sixty-
nine percent of patients were alive after 2 years, 63% of
whom had no evidence of disease. One of the patients with
necrosis and 6 patients with mature teratoma died of progres-
sive GCT; 7 patients with viable residual liver tumors re-
mained with NED, demonstrating the value of this aggressive
surgical approach.

Another retrospective investigation reviewed 37 pa-
tients, including 4 females with GCT.5 Sixty-two percent of

TABLE 4. Univariate Analysis on Prognostic Factors for
Overall Survival in Patients Undergoing Liver Surgery for
Metastatic Germ Cell Tumor (n � 43)

No. of
Patients

Calculated
2-Year

Survival
Rate P

Age (yr)
20–29 23 88 0.27
30–39 17 76
40–49 3 50

AFP elevation
Yes 24 88 0.06
No 19 69

�-HCG elevation
Yes 31 75 0.72
No 12 79

LDH elevation
Yes 27 70 0.32
No 16 82

Extent of liver
metastases

Single 15 83 0.35
Multiple 28 65

Residual masses after
chemotherapy

Liver alone 12 76 0.96
Liver � extrahepatic 31 75

Occurrence of liver
metastases

Initial diagnosis 35 76 0.21
At relapse 8 68

Response to
chemotherapy

Yes* 28 90 0.04
No† 15 62

Timing of surgery
Simultaneous 23 77 0.64
Sequential 8 85

Extent of resection‡

Limited 32 81 0.81
Extensive 11 78

Liver histology
Necrosis 22 72 0.61
Teratoma 9 75
Viable cancer 12 83

*Complete remission or partial remission with normalized tumor marker.
†Partial remission without normalized tumor marker.
‡Limited, excision or segmental resection; extensive, left or right hepa-

tectomy or multiple segmental resections.
AFP indicates alpha-fetoprotein; �-HCG, human �-chorionic gonadotro-

pin; LDH, lactate dehydrogenase.
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those patients were alive with no evidence of disease after a
median follow-up of 66 months (range, 31–134 months).
Univariate analysis identified the presence of pure embryonal
carcinoma in the primary tumor, liver metastases �30 mm in
greatest dimension at the time of surgery, and the presence of
viable cancer residua as negative prognostic factors for sur-
vival. The authors proposed to select patients for liver surgery
according to the size of the residual liver masses. Patients
with residual tumor masses that measure �10 mm in greatest
dimension should be considered for close follow-up because
they had a high probability of necroses. Male patients with
masses �30 mm represented a high-risk group who were not
likely to benefit from liver surgery because of the high rate of
complications. However, these conclusions were based on a
small sample size of and the 5-year survival rate for patients
with resected of liver metastases �30 mm was 47% in this
investigation, which appears to be in the range of survival
rates usually observed in patients fulfilling “poor prognosis”
criteria. In addition, the extent of the surgical procedure
largely depends on the location of the metastases in the liver,
and not inevitable on the size of the lesion. In the series
reported here, the rate of severe complications was 9%,
although 33% of patients underwent extended resection pro-
cedures. There were no perioperative deaths seen both in the
Indianapolis series4 and in the current report. Rivoire et al5

reported an overall mortality rate of 3% and the rate of severe
complications was 27%. Three patients in his series required
reoperation (8%). Concomitant cytoreductive procedures
were performed in 73% of patients.5 Thus, morbidity might
be depending on extent of liver surgery; however, the major-
ity of patients had undergone a limited liver surgery proce-
dure. Therefore, secondary liver surgery in advanced GCT
patients based on the available literature is a feasible ap-
proach in experienced centers, which may render a substan-
tial number of patients long-term disease-free. Currently, the
overall mortality risk for major hepatic resections is �5% in
specialized centers.

After chemotherapy and secondary resection of liver
metastases, 86% of the patients in the current series showed
no evidence of disease and calculated 5-year overall survival
rate is 70.9% (95% confidence interval, 54.6–87.2) (Fig. 2).
This appears to be in the highest range of data reported in
large evaluations for the whole group of “poor prognosis”
patients.2 Thus, the existence of liver metastases may not
deteriorate the outcome compared with other “poor progno-
sis” patients without evidence of hepatic metastases. Survival
probability for patients harboring vital carcinoma was 72.9%
(95% confidence interval, 40.6–99.8) at 5 years.

In the present investigation, the histologic examination
revealed corresponding rates of necrosis in hepatic and ex-
trahepatic residual tumors (67% and 61%). In 61% of the
patients, the histologic specimens of hepatic and extrahepatic
residuals were identical. In slightly more than half of the

patients with differing histologic findings, the less favorable
features were found in the extrahepatic location while necro-
sis occurred in the liver. Obviously, there seems to be no
inferior chemotherapy response in liver metastases from GCT
compared with other sites.

Univariate analysis identified the elevation of AFP
serum levels at the time of diagnosis and refractoriness to
chemotherapy as negative prognostic factors for overall sur-
vival. Liver metastases at first diagnosis or at relapse, extent
of liver involvement, time and extent of hepatic surgery, and
even the histology of resected liver metastases were not
influencing survival in patients with hepatic metastases from
testicular GCT. However, it must be kept in mind that this
analysis might be biased by the selection of patients allocated
to hepatic surgery. Resection was only considered in patients
with at least some response to chemotherapy and not in
patients with overt progression.

CONCLUSION
Viable cancer or teratoma was found in one third of

postchemotherapy liver specimens. In 40% of patients, dif-
fering histologic results at intrahepatic and extrahepatic re-
sidual tumor locations were present. Aggressive surgery (en-
abled by the young age of patients with metastatic germ cell
tumors and the lack of comorbidities), including resection of
all residual lesions at any location, produces a high survival
rate in this selected group of patients. Compared with the
results of liver surgery in other metastatic malignancies,
postchemotherapy liver resections in germ cell tumors are
highly curative. Despite the high chance of cure, 60% to 70%
of patients will undergo an unnecessary approach. Neither
any imaging procedures nor any prognostic model has been
able to reliably predict residual tumor mass histology.13,22

Therefore, the consensus is to remove all residual masses if
technically feasible. This is also based on the observation that

FIGURE 2. Overall survival of 43 patients with metastatic GCT
who underwent postchemotherapy hepatic surgery.
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viable cancer as well as differentiated teratoma are found in
liver specimens and that different histologic results at residual
tumor locations are a frequent finding.14,15,21 In patients with
residual masses at multiples sites including the liver, it might
be an acceptable procedure to spare patients from further
surgery if the histology of the primarily resected mass is only
necrosis.23,24 Alternatively, patients with different residua
and marker-negative disease may be offered an ultrasonog-
raphy-guided biopsy of the liver metastases, and in those
patients with a negative biopsy for undifferentiated tumor or
teratoma surveillance will be an acceptable therapeutic
decision.
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