
Abstract. Background: Single-agent carboplatin at area
under the curve 10 (AUC10) is an effective treatment for
metastatic seminoma. As far as we are aware of, there have
been no studies reporting its effects on short-term quality of
life. The objective was to study the efficacy, safety and
tolerability, using health-related quality of life, of
carboplatin AUC10 chemotherapy in patients with metastatic
seminoma. Patients and Methods: Forty-four patients with
metastatic seminoma treated at Mount Vernon Cancer Centre
with carboplatin AUC10 were included in this study.
Response to treatment was determined by radiological
imaging (Response Evaluation Criteria in Solid Tumors v
1.1) and serum tumour markers. Toxicities were evaluated
using the Common Terminology Criteria for Adverse Events
Version 4.0. Quality of life treatment-related toxicities were
assessed during treatment at pre-chemotherapy assessments.
After treatment, toxicity was assessed using a defined
telephone questionnaire consisting of four questions relating
to hair loss, hearing impairment, days absent from work, and
neuropathy. Results: At a median follow-up of 27.5
(range=4-84) months, no patient had experienced relapse.
Grade 3/4 neutropenia was seen in 15 (35%) patients, nine
(21%) required prophylactic granulocyte colony-stimulating
factor, 13 (30%) patients had grade 3/4 thrombocytopenia.
Commonest non-haematological toxicities were fatigue in 28

(65%) and nausea 14 (33%) patients. They were grade 1 in
82% and 92% of cases, respectively. Six out of 44 (14%) had
residual tinnitus. One patient had residual grade 1
peripheral neuropathy. Ten patients continued to work
throughout treatment and two patients were retired. Of the
remaining patients, 16 (37%), took fewer than 5 days off
work. Conclusion: Carboplatin AUC10 is a safe and
effective treatment for stage II/III seminoma with better
health-related quality of life than experienced with
combination cisplatin-based chemotherapy. 

Germ cell tumours of the testis are classified as seminoma
(approximately 50%) or non-seminomatous tumours
(embryonal, teratoma, choriocarcinoma, yolk sac tumours and
mixed histology). Around 85% of men with seminoma present
with stage 1 and 10% with stage II disease (1). Of men with
stage I seminoma, 15% will experience relapse following
orchidectomy. Active surveillance is generally recommended
for patients with stage I disease as a strategy to minimize
treating the majority who are already cured by surgery alone
(2, 3). Risk factors potentially indicating a higher risk of
relapse in stage I include tumour size >4 cm, lymphovascular
invasion and involvement of the rete testes (4). 

Cisplatin-based combination chemotherapy (bleomycin,
cisplatin and etoposide; BEP) has been considered the main
treatment strategy for metastatic seminoma. More recently it
has been shown that 3-4 cycles of single-agent carboplatin
[at area under the curve 10 (AUC10)] (5-11), has a similar
efficacy. As treatment for metastatic seminoma is now so
successful and most patients will become long-term
survivors, the impact of short- and long-term toxicities of
this treatment on patient quality of life has become
paramount. Other factors such as length of treatments,
convenience and cost also play an increasingly important
role in patient’s decision making, if offered a choice between
combination cisplatin-based therapy and single-agent
carboplatin. 
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The most important short-term toxicity of carboplatin is
haematological toxicity, with a reported incidence of 70%,
54% and 26% of grade 3/4 neutropenia, thrombocytopenia
and anaemia, respectively (9). Obvious immediate effects of
chemotherapy range from changes in personal appearance
(hair loss) to fatigue, which may have an impact on
employment and social life. Adverse effects such as
neuropathy and tinnitus can also be very debilitating and
more so perhaps for young adults commonly affected by
seminoma, whose peers are all likely to be in good health.
Approximately 10% will suffer significant psychosocial
problems (12). Although many studies have looked into
long-term psychosocial aspects of chemotherapy, none have
explored short-term toxicities and effects on social life
during chemotherapy (13-15). 

Here we studied the efficacy, safety and tolerability of
carboplatin AUC10 chemotherapy and explored health-
related quality of life in patients with metastatic seminoma
during and immediately following their chemotherapy. 

Patients and Methods

All patients with metastatic seminoma treated with carboplatin
AUC10 between 2010 and 2017 were identified from treatment
databases at our centre. Data were collected retrospectively and
staging assessed using the seventh edition of the TNM classification
(16) with computed tomographic (CT) imaging of the chest,
abdomen and pelvis [Response Evaluation Criteria in Solid Tumours
(RECIST) 1.1] (17) and serum tumour markers alpha foeto-protein
(AFP), human chorionic gonadotropin hormone (β-HCG) and lactate
dehydrogenase (LDH) when available. Appropriate approvals were
received from the hospital Ethics Committee (Audit number 15541). 

Carboplatin dosing (AUC10) was calculated using the Calvert
formula [total dose in mg=target AUC (glomerular filtration rate
ml/min+25)]. An accurate estimation of glomerular filtration rate
was obtained for every patient before treatment using 51Cr-labelled
ethylenediamine tetra-acetic acid (EDTA) clearance (18). The doses
were not capped for the initial treatment. Treatment was
administered as a single dose every 21 days for three or four cycles.

Response to treatment was determined by radiological imaging
and serum tumour markers. Toxicities were evaluated using the
Common Terminology Criteria for Adverse Events (CTCAE)
Version 4.1 Quality of life (QoL) and intermediate treatment-related
toxicities were assessed post treatment using a self-designed
telephone questionnaire consisting of four questions about toxicity,
which included hair loss, hearing impairment, days absent from
work, and neuropathy. 

Response to treatment was assessed after three cycles of
carboplatin AUC10. If complete response to treatment was
achieved, no further treatment was given. In the case of partial
response, a fourth cycle of carboplatin was administered. Residual
para-aortic lymphadenopathy was considered for subsequent
retroperitoneal lymph node dissection (RPLND).

Dose reduction was considered based on the grade of
haematological toxicity and the clinical assessment. No prophylactic
G-CSF was routinely used with the first cycle; however, it was
added to second and subsequent cycles if there were dose delays or

greater than grade 1 neutropenia on day 21. Blood product support
was available as required according to local protocols. No dose
recalculation of carboplatin was performed after the initial dosing
based on EDTA.

All patients underwent full blood count, liver function tests, urea,
electrolyte, AFP and HCG determinations prior to each cycle. A CT
scan of the chest, abdomen and pelvis was performed prior to
starting treatment and after cycle 3. Repeat CT imaging of the
abdomen was considered 6 weeks following treatment completion
in those who only obtained partial responses after three cycles, prior
to recommending RPLND.

If serum tumour markers were not elevated prior to treatment,
response was determined according to RECIST criteria alone.
Complete response (CR) was defined as complete resolution of
disease on imaging (reduction of any enlarged lymph nodes to short
axis of under 1 cm) and normalization of serum tumour markers.
Partial response was defined as more than 30% reduction in the
target lesions; progressive disease was determined by a combination
of progressive disease on imaging with/without a rise in serum
tumour markers (19). Toxicities were evaluated using CTCAE
version 4.1 and recorded during treatment but data were collected
retrospectively (20).

Patients were followed-up every 3 months in the first year, every
4 months in the second year, 6-monthly in the third year and
annually thereafter. A full blood count, renal function, liver function
tests with serum tumour markers (AFP, HCG, LDH) were
performed at each visit. CT imaging of the abdomen
(retroperitoneum) alone, unless other sites of disease were
documented prior to treatment, was carried out at the end of
treatment and annually for 2 years post chemotherapy.

Short and intermediate follow-up QoL was assessed using a locally
designed questionnaire. based on the CTCAE v 1.0 toxicity
assessments. Questions were put directly to patients on treatment at
the clinic and, where possible, when attending for follow-up
appointments. To complete the dataset, however, some patients were
questioned over the telephone if the follow-up QoL data were missing. 

Results
A total of 44 patients, with a median age of 44 (range=26-77)
years, were treated at Mount Vernon Cancer Centre between
2010 and 2017. Twenty patients had stage IIA, 17 stage IIB,
five stage IIC and two stage III disease. Of these, 17 (39%)
patients had stage 1 disease at diagnosis. The average dose of
carboplatin administered per cycle was 1240 mg (range=800-
1,800 mg). The tumour markers were as follows- LDH
elevated in 17 (39%), HCG in nine (21%) patients, one patient
had persistently raised AFP, which was unrelated to his disease.
Carboplatin was given in two, three and four cycles to 4.3%,
87% and 8.7% patients, respectively. The four patients who
required a fourth cycle of carboplatin all had stage IIc disease.
Following this, two patients who had their initial diagnosis
made on node biopsies underwent RPLND, with histology
showing necrosis, and two required close surveillance of
residual para-aortic lymphadenopathy, which resolved on
follow-up. There was no evidence of disease relapse at a
median follow-up of 27.5 (range=4-84) months. Data regarding
haematological toxicity were available for all patients and are
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reported in Table I. Grade 3 and 4 neutropenia and
thrombocytopenia were experienced by 3 (7%) and 11 (23%)
patients respectively. Nine (21%) required prophylactic G-CSF
in total, with four after their first cycle and five after cycle 2.
Thirteen patients (30%) had grade 3/4 thrombocytopenia. There
was only one hospital admission for neutropenic sepsis.

Five patients required a single cycle of chemotherapy to be
delayed by 1 week, four of these as a result of haematological
toxicity. Overall, 10 patients needed reductions in
chemotherapy doses for neutropenia/thrombocytopenia, by
10% in six patients and 20% for another five, following which
there were no further dose reductions or treatment delays. A
single patient required a blood transfusion and only two
patients were admitted, one for intravenous anti-emetics and
the other for neutropenic sepsis.

The most common non-haematological toxicity was
fatigue, which was seen in 65% of the treated patients, with
grade 1 fatigue seen in 23/28 cases (Table II). Nausea was
less common, seen in 14 (33%) patients, with grade 1
symptoms in 13/14 cases. Mild Grade 1 tinnitus affected six
(14%) patients, and one suffered grade 3, while only one
patient suffered mild hearing loss. Forty out of 44 (93%)
patients had no residual tinnitus. Regrettably, hearing loss
was not formally tested in this cohort of patients, but is not
very common in relation to carboplatin, unlike cisplatin
treatment, with a reported incidence of 20-50% hearing loss
(21-23). Two patients had minimal hair loss during their
treatment. One patient had residual grade 1 peripheral
neuropathy. Out of the 44 patients, 10 (23%) patients
continued to work throughout their treatment, not having to
take any full days off at all, including their treatment day.
Sixteen (37%) took fewer than 5 days off work, four (9%)
patients took between 5-21 days and 13 patients more than
21 days (range 21 to 90 days), including two patients who
were already retired.

Discussion

Whilst radiation had been the standard treatment for early-
stage seminoma for many years, growing concerns about
long-term toxicities in patients with this highly curative
disease prompted additional treatment strategies to be
pursued in order to minimize long-term morbidity and
mortality attributable to treatment (24, 25).

Platinum-based chemotherapy has gained gradual
popularity both in early and advanced disease based on
increasing evidence that this is more effective than
radiotherapy in stage II seminoma and associated with an
improved toxicity profile. Originally, Horwich et al. reported
a study of 70 patients with metastatic seminoma treated with
single-agent carboplatin at 400 mg/m2 (analogous to AUC6)
with 3-year survival rate of 91%, but 22% patients
experienced relapse and required salvage therapy (5). By

contrast, the Spanish Germ Cell Cancer Group Study
reported treating stage IIA or IIB seminoma with four cycles
of cisplatin and etoposide or three cycles of BEP
chemotherapy in 2008 and showed no relapses among 72
patients (26). Subsequently two randomized controlled trials
failed to demonstrate equivalence or superiority of single-
agent carboplatin AUC7 compared to cisplatin-based
regimens (8). The Medical Research Council UK trial,
although underpowered to show equivalence, demonstrated
no statistically significant differences in major survival
endpoints when comparing single-agent carboplatin at a dose
of 400 mg/m2 to etoposide and cisplatin (27, 28). Krege et
al. also investigated the use of single-agent carboplatin at a
dose of AUC7, but as an alternative to radiotherapy in stage
IIA/B disease in a prospective phase II trial. Again, an
overall relapse rate of 18%, with a median time to relapse of
6 months failed to better relapse rates seen with radiotherapy
but did demonstrate a significantly lower toxicity profile (29,
30). The findings of these trials, particularly the inability of
single-agent carboplatin at AUC7 to improve on radiotherapy
or cisplatin combinations, resulted in BEP becoming the
standard treatment for patients with metastatic seminoma, as
well as good prognosis for those with teratoma/mixed germ
cell tumour. 
In vitro work suggested that there may be a dose–response

effect with carboplatin in seminoma (31). This information
and the significant toxicity related to BEP, led the Orchid
Clinical Trials collaborative group to support a pilot study
where patients with good prognosis metastatic seminoma were
offered even higher carboplatin dose at AUC10 (27). This
successfully reported a failure rate of only 5%, but in a study
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Table I. Haematological toxicity.

Blood element                 Grade 1       Grade 2      Grade 3       Grade 4/5

Neutrophil count                   0                  9                 3                    0
Platelet count                       3                  8               10                    0
Hb                                          0                  0                 1                    0
Febrile neutropenia               0                  0                 1                    0

Table II. Non-haematological toxicities seen in patients on carboplatin
AUC10. 

                                         Grade 1       Grade 2      Grade 3           Total

Fatigue                                 23                  5                 0            28 (56%)
Nausea                                  13                  1                 0            14 (28%)
Tinnitus                                  6                  0                 0               5 (12%)
Vomiting                                 0                  1                 1               2 (4%)



of only in 20 patients. Validation of these superior results in
61 further patients treated with carboplatin at AUC10, with a
3-year overall survival) of 96.2% and progression-free
survival) of 93.2%, confirmed significantly less toxicity
compared to both combination regimens and radiotherapy (9).

Despite the numerous studies detailed above, no
publication has reported detailed toxicity data for these
patients. We demonstrate that carboplatin at AUC10 is a safe
regimen as reflected by the absence of an adverse
haematological profile. 

In our cohort of patients, G-CSF prophylaxis was required in
20% of the patients and there was only one episode of
neutropenic sepsis. This is very similar to toxicity data published
by Tookman et al., where 23% of patients required prophylactic
G-CSF, with a single admission for febrile neutropenia (9).

Most importantly, patients were able to preserve their
physical and work functioning, with 19% being able to work
throughout their treatment and nearly 60% of patients taking
fewer than 5 days off work, in the 63-day treatment. Temporary
hair loss was seen in two patients, which was reversed after
treatment stopped, in keeping with the published data (32). 

The study does have several limitations. This was a
retrospective study, involving carboplatin at AUC10 at a
single centre. The small sample size and bias, especially
ascertainment bias, which is introduced in any cohort study,
limit this study. Although it is known that carboplatin does
not affect fertility compared to BEP (33), this study did not
look at the fertility outcomes in these patients. Future studies
should also incorporate long-term cardiovascular events in
carboplatin-treated patients. 

Conclusion

With no relapses detected so far, this retrospective review
has shown that single-agent carboplatin at AUC10 should be
considered a standard treatment for patients with metastatic
seminoma even at stage III. Although some relapses are to
be expected with larger numbers and longer follow-up, the
great majority of relapses will be salvaged by combination
platinum-based chemotherapy. The excellent tolerability and
efficacy of this outpatient treatment should lead to its
international acceptance as first-line therapy, without the
need for a large randomised trial. 
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