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 Abstract 
  Objective.  Metastatic seminoma is a highly curable disease. Standard treatment comprises of combination chemotherapy. 
The short- and long-term toxicities of this treatment are increasingly recognised and the possibility of over treatment in 
such a curable disease should be considered. We have therefore assessed the use of single agent carboplatin at a dose of 
AUC 10 in patients with good prognosis metastatic seminoma.  Materials and methods.  Patients with good prognosis meta-
static seminoma treated with carboplatin (AUC 10) were identifi ed at our institution and affi liated institutions. Treatment 
was three weekly for a total of three or four cycles. Outcome and toxicities were analysed.  Results.  With a median follow-up 
of 36 months, 61 patients in total were treated with carboplatin AUC 10, all good prognosis by the IGCCCG criteria. 
Forty-eight percent had stage IIA/IIB disease and 52% had greater than stage IIB disease. Thirty-one patients (51%) had 
a complete response following treatment. Three-year survival was 96.3% with a three-year progression free survival of 
93.2%. The main treatment toxicity was haematological with 46% having grade 3, 24% having grade 4 neutropenia and 
54% experiencing grade 3/4 thrombocytopenia. There were no treatment related deaths.  Conclusion.  Single agent carbo-
platin at a dose of AUC 10 is an effective treatment for good prognosis metastatic seminoma. The outcome compares 
favourably to previously published outcomes of combination chemotherapy. Although haematological toxicity is a concern, 
single agent carboplatin treatment for good prognosis metastatic seminoma could be considered a treatment option and is 
associated with less toxicity than combination regimens currently used.   

 Germ cell tumours are highly treatable malignancies 
even in the metastatic setting [1]. It has long been 
known that seminomas are more radiosensitive than 
non-seminomatous germ cell tumours (NSGCTs) 
[2]. The precise degree, however, is hard to establish 
from previous published series of metastatic semi-
noma, as non-seminoma has a higher propensity to 
metastasise. Less work has been done on the relative 
chemosensitivity of seminoma and non-seminoma. A 
small phase II study, published in 1984, of single 
agent cisplatin in metastatic seminoma reported 81% 
relapse free survival [3] suggesting exquisite sensitiv-
ity of seminomas to platinum complexes. Early studies 

with carboplatin showed that it was also a highly 
potent drug in metastatic seminoma [4,5]. Two ran-
domised trials, however, with a total of 361 patients 
comparing single agent carboplatin, at a dose of 
400 mg/m 2  (actual dose adjusted according to creati-
nine clearance) with cisplatin combination regimes 
showed the progression free survival to be signifi cantly 
inferior for the single agent. After a median follow-up 
of 4.5 years results reported a borderline but non-
signifi cant difference in overall survival of 5% in 
favour of the combination group [6]. A consequence 
of these two trials  –  and other trials in NSGCT  –  
was that three cycles of the cisplatin combination 
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regimen, BEP (cisplatin, etoposide and bleomycin) 
chemotherapy has become the standard treatment for 
patients with good prognosis metastatic germ cell 
tumours including seminoma. 

 It is, however, questionable whether the dose of 
carboplatin used in these randomised studies was 
optimal. In older ovarian cancer patients a dose up 
to AUC 12 was tolerated without bone marrow 
support [7]. Our previous studies also suggest that 
there could be a dose-response effect [8]. 

 The difference in short-term toxicity between 
BEP and single agent carboplatin is considerable. 
Furthermore, there is also the problem of the 
long-term toxicity of BEP chemotherapy which one 
particularly wishes to avoid in young patients with 
a curable disease. This toxicity relates to a range of 
cardiovascular, endocrine, auditory and neurological 
sequelae as well as the potential for second malig-
nancies [9 – 12]. Although there is less data on the 
long-term toxicity of carboplatin, in comparison to 
cisplatin, carboplatin has been shown to cause less 
nausea, emesis, renal toxicity, peripheral neuropathy 
and ototoxicity [9,13,14], making it an attractive 
chemotherapy option. 

 Nine years ago we began a formal phase II study 
investigating carboplatin AUC 10 every 21days in 
IGCCCG good prognosis metastatic seminoma 
patients [15]. The results from this phase II was 
reported in 2010 [16] showing the dose was tolerable 
and effective. The reassuring results from the phase 
II and the outcome of patients treated prior to that 
made this collaborative group feel confi dent to offer 
this as a treatment option in the management of 
IGCCG good prognosis seminoma. We now report 
the updated results.  

 Methods  

 Eligibility 

 Between 1997 and 2010 all patients with a diagnosis 
of good prognosis metastatic seminoma who received 
carboplatin AUC 10 were identifi ed across treatment 
centres. Included in the analysis are the updated 
results from the phase II trial and patients who have 
received carboplatin since the trial. A small number 
of patients received single agent carboplatin prior to 
the formal phase II trial and we have included data 
on these patients. 

 All patient data were collected retrospectively and 
disease was staged according to The American Joint 
Committee on Cancer (2010 edition) TMN classifi -
cation [17] with imaging of the chest abdomen and 
pelvis and serum tumour markers:  β -human chori-
onic gonadotrophin ( β HCG),  α  fetoprotein (AFP) 
and lactate dehydrogenase (LDH). All patients had 
a diagnosis of good prognosis metastatic seminoma 

as determined by the International Germ Cell 
Cancer Collaborative Group (IGCCCG) criteria. 
Patients were ineligible if they had received prior 
chemotherapy treatment or radiation treatment for 
stage I disease.   

 Treatment 

 Carboplatin was dosed at AUC 10 based on the 
Calvert formula {total dose (mg)  �  target AUC  �  
[GFR (ml/min)  �    25]}. Glomerular fi ltration rate 
(GFR) was measured by a formal EDTA clearance 
result or if that was not available the dose was based 
on a GFR calculated by the Cockcroft-Gault equa-
tion. There was no upper dose limit. The treatment 
was administered as an one-hour outpatient treat-
ment once every 21 days for three or four cycles.   

 Dose modifi cations 

 If a complete response was established based on 
imaging and tumour markers after cycle 1, three 
cycles of carboplatin were administered in total. If 
there was stable disease/partial response following 
cycle 1, four cycles of carboplatin were given. If 
the platelet nadir was less than 20 then a 20% dose 
reduction was administered on subsequent cycles. If 
a patient was admitted with neutropenia prophylactic 
antibiotics with or without fi lgrastim were used on 
subsequent occasions. Blood products were admin-
istered as required according to local protocols. The 
carboplatin dose was based on creatinine clearance 
at the start of the treatment and was not recalculated 
based on creatinine changes each cycle.   

 Evaluation 

 All patients had a pretreatment full blood count 
(FBC), urea and electrolytes (U&E), liver function 
tests (LFT), LDH, AFP and HCG prior to each 
cycle. A nadir blood count was checked after each 
cycle at days 10 – 14. A whole body PET-CT (if avail-
able) or CT-scan of the abdomen, chest and pelvis 
was performed prior to treatment, prior to cycle 
2 and at the end of treatment. Evaluation of response 
to chemotherapy was determined by imaging and 
serum tumour markers. Complete response (CR) 
was defi ned as resolution of disease on imaging 
(short axis of lymph nodes under 1 cm) and normal-
isation of serum tumour markers. Marker-negative 
partial response (M-PR) was defi ned as the presence 
of a residual mass following treatment but with 
normalisation of serum tumour markers. If serum 
tumour markers were not elevated prior to treat-
ment, partial response was determined according 
to Response Evaluation Criteria in Solid Tumours 
(RECIST) criteria. Progressive disease was determined 
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by a combination of progression of disease on imag-
ing and/or a rise in serum tumour markers. 

 All toxicities were registered according to the 
Common Terminology Criteria for Adverse Events 
Version 4.0 Cancer Evaluation program, NCI. Tox-
icities were recorded at time of treatment but data 
has subsequently been collected retrospectively.   

 Follow-up 

 Patients were followed up every two months during the 
fi rst year, every four months during the second year, 
six monthly during the third year, and once yearly 
thereafter until death. Follow-up investigations included 
baseline haematological and biochemical investiga-
tions and tumour markers (HCG, AFP and LDH) at 
each visit. A further CT-scan was performed at one and 
two years post completion of chemotherapy. 

 Patients with residual disease of  �   3 cm after a 
period of observation were advised to proceed to ret-
roperitoneal lymph node dissection (RPLND) in line 
with current practices. Following surgery a repeat 
CT-scan was performed at 2 – 3 months and if com-
plete response was achieved by chemotherapy with 

or without surgery a fi nal CT-scan was performed at 
two years.   

 Statistical analysis 

 Progression free survival and overall survival was 
defi ned in months after the fi rst day of treatment 
until the last follow-up. Survival estimates were cal-
culated using the Kaplan-Meier analysis.    

 Results  

 Patient characteristics 

 Sixty-one patients were treated with single agent 
carboplatin AUC 10 (date patients treated shown 
in Figure 1). All patients were good prognosis by 
the IGCCCG criteria, 46% stage IIA/IIB disease 
and 54% had greater than stage IIB disease. 
Median age was 38 (range 24 – 67) (baseline char-
acteristics shown in Table I). Forty-seven patients 
(77%) had a formal EDTA to calculate their 

  Table I. Baseline characteristics.  

Number of patients 61
Median age 38
Stage

IIA 15
IIB 13
IIC 14
IIIA 3
IIIB 16

Baseline tumour markers
LDH normal 22
LDH  �  normal  �    1.5  �  ULN 23
LDH  �    1.5  �  ULN 15
LDH result missing 1
 β HCG normal 39
 β HCG raised ( � ULN  �  �   5000) 21
 β HCG  �    5000 1
AFP normal 61

    AFP, alphafetoprotein;  β HCG,  β  human chorionic gonadotrophin; 
LDH, lactate dehydrogenase.   

  Figure 1.     Number of patients treated per year with carboplatin 
AUC 10.  

  Table II. Response of patients according to stage following treatment with single agent carboplatin.  

Outcome

Stage at diagnosis 1 

Total 
  N  �    61

Stage IIA 
  N  �    15

Stage IIB 
  N  �    13

Stage IIC 
  N  �    14

Stage IIIA 
  N  �    3

Stage IIIB 
  N  �    16

Complete response 14   (93%) 9   (69%) 6   (43%) 1   (33%) 1   (6%) 31   (51%)
Marker negative partial response 1   (7%) 2   (15%) 8   (57%) ∗ 2   (67%) 14   (88%) ∗  ∗ 27   (44%)
Marker negative stable disease 2   (15%) 2   (3%)
Progressive disease 1 (6%) ∗  ∗  ∗ 1   (2%)

    CR, complete response  –  resolution of disease on imaging and normalisation of markers; M-PR, marker negative partial response  –  partial 
response on imaging but normalisation of markers; M-SD, marker negative stable disease  –  stable disease on imaging normal markers; 
PD, progressive disease, progression of disease on imaging and/or markers.  
   1 Disease staged according to the 2010 AJCC TMN classifi cation;  ∗ 1 patient relapsed 7 months after treatment, successfully treated with 
BEP chemotherapy;  ∗  ∗ 1 patient relapsed within 4 months of treatment, successfully treated with BEP chemotherapy;  ∗  ∗  ∗ Patient died 
13 months after diagnosis.   
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creatinine clearance. The main explanation for no 
formal EDTA was that it was not possible to 
perform the test in the timescale or the test was 
not available. Average dose of carboplatin per cycle 
was 1438 mg (approximately equal to 700 mg/m 2 ), 
(range 840 – 2250 mg).   

 Response to treatment 

 Twenty patients had a complete response (CR) after 
one cycle of treatment and went on to receive three 
cycles of carboplatin. Forty-one patients had a partial 
response (PR) or stable disease (SD) following one 
cycle and received four cycles of treatment. One 
patient had a PR after two cycles and then went 
abroad and was lost to follow-up. Thirty-one patients 
(51%) had a CR at the end of treatment scan. 
Twenty-seven patients (44%) had a marker negative 
partial response (M-PR) following treatment. Res-
ponses to chemotherapy are listed in Table II. 

 After a median follow-up of 36 months, three-
year overall survival was 96.2% (CI 85.6 – 99) and 
progression free survival 93.2% (CI 82.8 – 97.4) 
(Kaplan Meier curve, Figure 2). 

 During follow-up three patients relapsed, two of 
these patients had stage IIIB and one stage IIC 

disease at diagnosis. All relapses had four cycles of 
carboplatin, two achieved a marker negative partial 
response and all relapses occurred within seven 
months after initial treatment. One patient had a par-
tial response on the scan following his fi rst chemo-
therapy cycle but progressed on his end of treatment 
scan. He went on to progress through BEP (bleomy-
cin, etoposide and cisplatin) chemotherapy and died 
13 months after diagnosis. Two of the three relapses, 
however, were salvaged successfully with BEP and 
remain disease free (Table III). 

 One patient required a retroperitoneal lymph 
node dissection following treatment due to residual 
disease. No evidence of malignancy was seen at 
histology.   

 Toxicity 

 Haematological toxicity data is shown in Table IV 
and Figure 3. Due to retrospective collection of 
results and treatment in multiple different centres 
data was not available for seven patients. Results 
are all calculated as percentage of available data. 
Though overall 70% experienced an episode of 
grade 3/4 neutropenia only one patient was admit-
ted for febrile neutropenia. Dosage adjustment 
according to protocol and prophylactic fi lgrastim as 
per the local guidelines in 10 patients resulted in 
good subsequent tolerance. In total 23% of chemo-
therapy cycles (30% of patients) required prophy-
lactic fi lgrastim. 

 Fifty-four percent experienced an episode of 
grade 3 or 4 thrombocytopenia, dosage adjustment 
according to protocol resulted in good subsequent 
tolerance. Overall 26% experienced an episode of 
grade 3 or 4 anaemia. There were two admissions for 
nausea and vomiting. In total 17 patients required 
blood product support (28%) (Figure 3) with seven 
patients requiring both blood and platelet transfu-
sions or repeat transfusions on subsequent cycles. 
Overall, the regime was well tolerated by the major-
ity of patients with 72% not requiring any blood 

  Figure 2.     Kaplan-Meier curve for progression free survival.  

  Table III. Details of patients who relapsed following carboplatin treatment.  

Age
Stage at 
diagnosis

Markers at diagnosis 
  AFP/ β HCG/LDH

Number of cycles 
of carboplatin

Response to 
carboplatin 
treatment

Time to 
relapse ∗ 

Further 
treatment Current status

59 IIC  �   3/ �   1/1346 4 M-PR 7 months BEP Progression free 
  OS  �    69.8 months

32 IIIB  �   3/58/1611 4 M-PR 4 months BEP Progression free 
  OS  �    45.7 months

31 IIIB 3.5/2/295 4 PD 0 months BEP Died 13 months after 
diagnosis

   BEP, bleomycin, etoposide and cisplatin chemotherapy; M-PR, marker negative partial response; OS, overall survival; PD, progressive 
disease.   
  ∗ Time to relapse is from end of initial treatment to detection of relapse.   
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product support and 70% did not require fi lgrastim 
support.   

 Non-haemtological toxicity 

 Minimal changes in renal function were seen during 
treatment and no patient required dose adjustments 
according to renal function. Fifty percent of patients 
experienced a grade 1 creatinine rise by the end of 
treatment but in all these patients the change was less 
than 20% and in the majority (76%) the creatinine 
increased by less than 10%. Only one patient expe-
rienced a grade 2 rise in creatinine which has 
improved with subsequent follow-up. No patient 
experienced hair loss.    

 Discussion 

 Metastatic seminoma is a highly curable disease. The 
ideal treatment not only needs to cure the disease 
but also needs to focus on reducing long- and short-
term toxicities. The standard treatment is currently 
combination chemotherapy, however, long-term tox-
icities are increasingly being recognised. We have 
therefore investigated the use of single agent carbo-
platin in this group of patients. 

 The data presented here shows that treatment of 
good prognosis metastatic seminoma with carbopla-
tin AUC 10 is effective and safe. Our data shows 
three year progression free survival of 93.2% and 
overall survival of 96.2%. Our patient population 
also included a signifi cant proportion with advanced 
disease at presentation with 53% having greater than 
stage IIB disease. There were no relapses in patients 
with stage IIA/B disease but three relapses of the 
33 (9%) patients with greater than stage IIB disease. 
This compares favourably with previous results 
using cisplatin based combination regimens for the 
treatment of metastatic seminoma. The Spanish 
Germ Cell Cancer Group [18] reported a fi ve year 

progression free survival of 90% (95% CI 82 – 98%) 
and overall survival of 95% (95% CI 89 – 100%). Our 
results also compare well with two recent population-
based studies from the Swedish Norwegian Testi-
cular Cancer Study Group [19] and the combined 
data from the British Columbia Cancer Agency 
(BCCA) and Oregon Testis Cancer Program [20]. 
The Swedish Norwegian Testicular Cancer Study 
Group reported no relapses in patients with stage 
IIA/B disease following treatment with chemother-
apy (but three relapses of the 29 patients treated 
with radiotherapy). Six of the 42 patients (14.9%) 
with stage IIC disease relapsed after treatment with 
combination cisplatin chemotherapy and there was 
one patient death. The BCCA and Oregon Testis 
Cancer Program reported a fi ve year actuarial 
relapse-free survival rate in patients with stage II 
seminomas of 95.5% following combination chemo-
therapy. Our results appear superior to those reported 
using carboplatin AUC 7 when given every 28 days 

  Table IV. Haematological toxicities (NCI Common Terminology Criteria for Adverse Events version V4.0).  

Cycle 
number Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Blood 
transfusion

Platelet 
transfusion GCSF

Cycle 1 Neutropenia 13% 19% 35% 9% 22%
Thrombocytopenia 39% 15% 11% 6% 0
Anaemia 59% 11% 2% 0 2%

Cycle 2 Neutropenia 26% 19% 23% 21% 28%
Thrombocytopenia 28% 15% 17% 15% 6%
Anaemia 58% 30% 2% 0 4%

Cycle 3 Neutropenia 18% 16% 26% 4% 30%
Thrombocytopenia 24% 20% 18% 4% 2%
Anaemia 42% 36% 12% 4% 14%

Cycle 4 Neutropenia 28% 4% 12% 4% 40%
Thrombocytopenia 16% 12% 12% 20% 4%
Anaemia 20% 32% 32% 44% 40%

  Figure 3.     Blood products given per cycle of chemotherapy.  
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instead of 21 [21] which reported an overall failure 
rate in 19 of 108 (18%) patients with stage IIA/B 
disease. Our results also appear better than the car-
boplatin arm of the pooled analysis of two rando-
mised European trials using carboplatin 400 mg/m 2  
which reported a fi ve year overall survival rate of 89% 
and progression free survival rate of 72% [6]. In addi-
tion, the results from this study are at least as good as 
carboplatin and radiation for stage IIB patients [22] 
and possibly less risky given that previous studies of 
late events have shown that it is combined chemo-
therapy and radiation that has the greatest risk of 
secondary non-germ cell malignancy [23]. 

 Haematological toxicity is a concern due to the 
need for blood products; however, giving three 
courses of treatment for all would probably have 
achieved a better therapeutic ratio giving less toxicity 
and a better chance for salvage therapy to cure resis-
tant tumours. Increased use of PET-CT to establish 
those in metabolic CR following cycle 1 [8] may 
further assist to limit treatment to three cycles. Even 
so the toxicity is less than that of combination regimes 
or radiotherapy [24,25]. 

 Carboplatin is given as an one-hour outpatient 
treatment once every 21 days for three or four courses 
compared with the standard combination regime that 
is administered as a 3 – 5 day 8 hour in/day-patient 
infusion every 21 days with outpatient chemotherapy 
Day 8 and 15 for three courses. Given the growing 
need for cost containment of healthcare costs [26] 
single agent carboplatin may offer a more economical 
option and offer patient choice of an outpatient treat-
ment given just on one day every three weeks. 

 Although this study is limited by being non-
randomised and further follow-up is required, our 
results suggest that single agent carboplatin has a 
role in the treatment of good prognosis metastatic 
seminoma. We feel that single agent carboplatin 
should be reinvestigated in this group of patients. This 
should be a prospective study, either a randomised 
phase III study, or a population based cohort study 
with enough patients to ensure mature follow-up.                 
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