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Abstract

Background. The SWENOTECA IV protocol from 1995 is a prospective population-based study in metastatic non-
seminomatous germ cell testicular cancer (NSGCT), designed for early identification of patients with poor response to
standard cisplatin-based chemotherapy. A slow tumor marker decline (HCG T, ,>3 days, AFP T, ,>7 days) after BEP
or BEP plus ifosfamide was regarded as poor response. The aim of this study was to present survival and toxicity data for
patients treated with high-dose chemotherapy (HDCT) within the SWENOTECA 1V cancer care program. Material and
methods. In total 882 adult men diagnosed with metastatic NSGCT between July 1995 and June 2007 in Sweden and
Norway (except one center) were included in SWENOTECA IV and treated accordingly. Among these, 55 men (6.2%)
were treated with HDCT according to three different indications in the protocol: A) poor response to standard-dose inten-
sified chemotherapy (BEP plus ifosfamide); B) vital cancer at surgery after intensified chemotherapy; and C) selected
relapses after previous chemotherapy. In situation A and C two HDCT cycles and in situation B one HDCT cycle was
recommended. Situation A was the reason for HDCT in 36 patients, B in seven and C in 12 patients. The first HDCT
cycle consisted of carboplatin 28 X (GFR + 25) mg, cyclofosfamide 6000 mg/m? and etoposide 1750 mg/m?2, administered
over four days. In cycle two, etoposide was replaced by tiotepa 480 mg/m?2. Results. After a median follow-up of 7.5 years,
overall survival was 72%, 100% and 58%, while failure-free survival was 64%, 71% and 42% in situation A, B and C,
respectively. Three patients (5.5%) died during HDCT (renal failure or intracerebral hemorrhage). Nephrotoxicity was the
most common non-hematological grade 4 toxicity (n =5, 9%). Conclusion. The population-based SWENOTECA strategy,
selecting patients who do not respond adequately to primary standard-dose chemotherapy for immediate treatment inten-
sification with HDCT, is feasible and might be advantageous.

The majority of men with advanced germ cell tumors
achieve a durable complete remission after first-line
cisplatin-based chemotherapy [1]. However, 10-20%
of these patients, especially those classified as “poor-
prognosis” according to the International Germ Cell
Consensus Classification (IGCCC), are not cured by
standard cisplatin-based chemotherapy [2]. For these
patients, more effective therapy is imperative. Several

phase II studies, investigating the effect of first-line
high-dose chemotherapy (HDCT) with stem cell
support in poor-prognosis patients, have reported
2-to 5-year progression-free survival rates at 50-75%
[3-6]. These studies indicate a possible survival
benefit from first-line HDCT. Still, results from three
randomized studies did not demonstrate supe-
riority of HDCT over standard dose cisplatin-based
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chemotherapy [7-9]. However, these results are influ-
enced by low dose intensity [7] or insufficient power
due to early study termination [9]. The Intergroup
study included 219 patients who received either four
cycles of bleomycin, etoposide and cisplatin (BEP) or
two BEP followed by two cycles of HDCT [8]. This
study also failed to show any survival benefit for
HDCT in the total patient population.

SWENOTECA (Swedish Norwegian Testicular
Cancer Group) was established in 1981 to provide
common national cancer care programs and clinical
studies for adult testicular cancer patients. The
SWENOTECA 1V protocol from 1995 is a pros-
pective population-based study in metastatic non-
seminomatous germ cell testicular cancer NSGCT),
designed for early identification of patients with poor
response to standard cisplatin-based chemotherapy
(details reported previously) [2]. Briefly, for marker
positive patients, a slow tumor marker decline (HCG
T, ,>3 days, AFP T, ,>7 days) after two BEP was
regarded as poor response. For marker negative
patients, a<<25% reduction of the tumor volume
[product of two perpendicular diameters on com-
puted tomography (CT)] was considered a poor
response. Good responders continued with BEP che-
motherapy and received three or four cycles in total.
For patients with poor response after two BEP, treat-
ment was intensified with addition of ifosfamide;
BEP-if (bleomycin, etoposide, cisplatin and ifosf-
amide) or PEI (cisplatin, etoposide and ifosfamide)
(intensification step 1). For patients with poor
response at the second evaluation after two cycles of
BEP-if/PEI, the treatment was intensified by HDCT
with stem cell support (intensification step 2). Two
cycles of HDCT were recommended. Patients with
retroperitoneal lymph nodes > 2 cm at initial staging
underwent routinely a retroperitoneal lymph node
dissection (RPLND) post-chemotherapy. Other
residual tumors were resected if possible. If vital
germ cell cancer was present in the pathological
specimen after radical resection, one cycle of HDCT
was prescribed for poor responders (previous inten-
sification step 1).

Patients relapsing after BEP were given salvage
treatment with PEI. Patients with early relapses
(< 6 months) and patients with slow marker decline
during salvage treatment were recommended addi-
tional treatment with two cycles of HDCT. Relapsing
patients, who in their primary treatment had received
BEP-if/PEI, could proceed to HDCT, provided they
were still considered sensitive to cisplatin.

Accordingly, the SWENOTECA IV protocol
included three groups of HDCT patients: A) poor
responders to treatment intensification step 1; B)
adjuvant treatment for vital cancer at surgery after
intensified treatment; and C) relapses as specified
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above. The aim of this study was to present survival
and toxicity data for patients treated with HDCT
within the SWENOTECA IV cancer care program.

Methods
Patients

All adult men diagnosed with metastatic NSGCT
between July 1995 and June 2007 in Sweden and
Norway (except one center) were included in
SWENOTECA IV. More detailed data on treatment
principles and results for patients included in
SWENOTECATIV 1995-2003 are recently presented
[2]. Patients with extragonadal germ cell tumors or
previous treatment for contralateral germ cell tes-
ticular cancer were excluded. Completeness of the
SWENOTECA database was in Norway ensured by
cross-checking with each treatment center’s patient
database, and in Sweden with the Swedish National
Cancer Registry. This study was approved by the
Committees for Medical Research Ethics in Norway
and Sweden.

During this period, 882 patients were included in
SWENOTECA 1V and treated accordingly. In total
138 patients were classified as poor-prognosis. Over-
all 55 men (6.2%) were treated with HDCT accord-
ing to three different indications in the protocol: A)
patients with poor response to treatment intensifica-
tion step 1 (slow marker decline, n = 29; progressive
disease, n = 7; in total n = 36); B) patients with vital
cancer at surgery after intensified chemotherapy
(n=17); and C) relapses as specified above (n=12).
Figure 1 presents treatment principles for the 43
men who received HDCT as part of the primary
treatment. Furthermore, five patients included in
SWENOTECA IV were treated with HDCT outside
of protocol. One died of treatment, while the other
four had no recurrences and were disease-free at last
follow-up. These five patients are not included in the
present study and are not further reported.

Harvesting of stem cells and high-dose chemotherapy

Harvesting of peripheral-blood progenitor cells
(CD34 + cells) was scheduled after the first ifosfamide-
containing chemotherapy cycle for all patients in the
SWENOTECA protocol [2]. The minimum total
number necessary for two HDCT cycles was 7 X 106
CD 34 + cells/kg. Leukapheresis and cryopreserva-
tion were performed according to each participating
institution’s routines.

The first HDCT cycle consisted of daily carbo-
platin 7 X (GFR + 25) mg Day 1-4, cyclofosfamide
1500 mg/m? Day 1-4 and etoposide 440 mg/m? Day
1-4. In the second HDCT cycle given as soon as the
patient had recovered, etoposide was substituted by



170 H. S. Haugnes et al.

[ 2 xBEP

)

A4

Poor response: Intensification step1

[ Addition of ifosfamide (BEP-if or PEI), minimum x 2 ]

Good response

A

Surgery ]

No vital germ | Vital germ
Cell cancer Cell cancer

A 4 J
[ Follow-up ] [ HDCT 1, n=7 ]

Poor response:
Intensification step 2

HDCT 1, n=36

-Slow marker decline, n=29
-Progressive disease, n=7

A

[ HDCT 2, n=27 (75%) ]

A A 4

[ Surgery post HDCT, n=16 (44%) ]

A

> Follow-up ]

Figure 1. Principles for using high-dose chemotherapy in primary treatment. Poor response: slow tumor marker decline
(HCGT,,>3 days, AFP T, ,>7 days. BEP, bleomycin, etoposide and cisplatin; BEP-if, BEP plus ifosfamide; HDCT, high-dose

chemotherapy; PEI, cisplatin, etoposide and ifosfamide.

tiotepa 120 mg/m? Day 1-4. Two cycles were recom-
mended for all patients except when treatment was
given in the adjuvant setting post-surgery.

Supportive care following HDCT was according
to the individual institution’s routines. Acute toxicity
was reported and graded retrospectively according to
the WHO criteria [10]. Toxicity was assessed in terms
of fatal outcome, residual symptoms lasting more
than a year, and normalization.

Statistics

Survival status was checked against the National
Population Registries in Sweden and Norway as of
June 30, 2010. The overall survival (OS), failure-free
survival (FFS) and observation time were calculated
from the beginning of high-dose treatment to the
date of death, progression, relapse, or last follow-up.
Events in the FFS included progressive disease after
HDCT, relapse during follow-up and death due to
treatment or progression. Survival rates were ana-
lyzed using the Kaplan-Meier method.

Univariate analyses of possible categorical pre-
dictors associated with OS and FFS were analyzed
using the log rank test. Student’s t-test was used to
test the associations between age at HDCT and sur-
vival endpoints. Survival endpoints were also ana-
lyzed by multivariate Cox Proportional Hazard

regression, presented with hazard ratios (HR) and
95% confidence intervals (CI). Due to few events,
patients treated with HDCT as primary treatment
and relapse were pooled together in these analyses,
but the analyses were stratified for treatment indica-
tion and only three variables were included in mul-
tivariate Cox analyses [11]. The Proportional
Hazard assumption was tested by visual inspection
of log-log curves.

All 55 patients were included in the toxicity
analyses. Patients who received HDCT as adjuvant
treatment (n = 7) were excluded from survival anal-
yses. Survival analyses are presented separately for
patients who were poor responders or who received
HDCT as relapse treatment. All p-values are two-
sided with a significance level <5%. The data were
analyzed using SPSS 17.0 (SPSS INC., Chicago,
1L, USA).

Results
Patient characteristics

Fifty-five patients received HDCT according to pro-
tocol. Median follow-up was 7.5 years (range 0-14).
Patient characteristics according to indication for
HDCT (poor responders, adjuvant treatment or
relapse) are presented in Table I. In total, 33/36
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Table I. Patient characteristics according to indication for high-dose treatment (primary treatment or relapse) and for all included

patients.”
Primary treatment, n =43
Poor responderst Adjuvant? Relapse All patients
Characteristic n=36 n=7 n=12 n=>55
Age at treatment, y, median (range) 29 (18-56) 25 (16-36) 36 (18-51) 28 (16-56)
Observation time, y, median (range) 7.2 (0-14.1) 10.4 (4.9-13.4) 6.6 (0-12.5) 7.5 (0-14.1)
Initial disease stage’
Stage I MKk positive/II 13 2 (29) 2 (17) 509)
Stage III 0 1 (14 2 (17) 3 (6)
Stage IV 35 (97) 4 (57) 8 (66) 47 (85)
Initial metastatic sites
Lymph nodes 30 (83) 7 (100) 9 (75) 46 (84)
Lung 34 (94) 4 (57) 8 (67) 46 (84)
Liver 15 (42) 0 3 (25) 18 (33)
Brain 11 (31) 0 1(8) 12 (22)
Bone 3 (8) 1(14) 0 4 (7
Otherl 5 (14) 1 (14) 1 (8 7 (13)
Marker elevation at initial diagnosis 36 (100) 7 (100) 12 (100) 56 (100)
Risk groups, initial diagnosis'
Good 1(3) 1 (14) 4 (33) 6 (11)
Intermediate 2 (5) 4 (57) 2 (17) 8 (15)
Poor 33 (92) 2 (29) 6 (50) 41 (74)
Poor risk group, initial diagnosis
Poor markers only 10 (30) 1 (50) 2 (33) 13 (32)
Extra-pulmonary metastases 23 (70) 1 (50) 4 (67) 28 (68)
Previous chemotherapy regimens
BEP 36 (100) 7 (100) 12 (100) 55 (100)
BEP-if/PEI 36 (100) 7 (100) 12 (100) 55 (100)
EMACO 1(2.8) 0 3 (25) 4 (7.3)
TIP 2 (5.6) 0 0 2 (3.6)
Other# 1(2.8) 0 1(8.3) 2 (3.6)
Chemotherapy cycles prior to 5 (4-9) 6 (4-7) 9 (6-14) 5 (4-14)
HDCT, no, median (range)
Marker negative prior to HDCT 12 (33) 7 (100) 7 (58) 26 (47)

BEP, bleomycin, etoposide, cisplatin; BEP-if, BEP plus ifosfamide; EMACO, etoposide, methotrexate, dactinomycin, cyclophosphamide,
vincristine; HDCT, high-dose chemotherapy; MKk, marker; no, numbers; PEI, cisplatin, etoposide, ifosfamide; TIP, paclitaxel, ifosfamide,

cisplatin; y, years.
Data are numbers (%) unless otherwise specified.

TPoor responders: slow marker decline, n = 29; progressive disease, n=7.

*Adjuvant: vital cancer at surgery after intensified treatment.
SStaging according to the Royal Marsden Staging System.

IOther sites of disease include skin, esophagus, small intestine, kidney and spleen.
IAccording to the International Germ Cell Cancer Collaborative Group.
#One patient received oxaliplatin (poor responder) and one BEP plus paclitaxel (relapse).

patients (92%) who received HDCT due to poor
response on treatment intensification step 1 were
classified as poor-prognosis at initial diagnosis.
All patients had been treated with BEP followed by
ifosfamide-containing chemotherapy regimens. Overall
median five chemotherapy cycles (range 4—14) were
administered prior to HDCT.

Forty-three patients (78%) received HDCT as
part of the primary treatment; 29 because of slow
marker decline, seven because of progressive disease
and seven due to vital cancer at post-chemotherapy
surgery (Figure 1, Table II). The remaining 12
patients (22%) received HDCT as part of relapse

treatment, of whom one was a late relapsing patient.
Among men treated with HDCT because of poor
response vs. relapse, 27/36 (75%) and 4/12 (33%)
received the two intended HDCT courses, respec-
tively. The main reasons for receiving only one course
are shown in Table II. The time interval between
HDCT cycle one and cycle two was median 55 days
(range 30-84).

Surgical resections after HDCT among the poor
responders were performed in 16 of 36 men (44%).
Histological examinations revealed necrosis or
fibrosis in 12 (75%) and teratoma in four patients
(25%). There were no post-HDCT surgical
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Table II. High-dose treatment, number of cycles. Data are numbers (%).

Primary treatment

n=43 (78)
Slow marker decline  Progressive Adjuvant Relapse All patients
n=29 (52) n=7(13) n=7(3) n=12(22) n=55(100)
Number of high-dose cycles
One cycle 6 (21) 3 (43) 5 (71) 8 (67) 22 (41)
Two cycles 23 (79) 4 (57) 2 (29)* 4 (33) 33 (59)
Reasons for receiving only one high-dose cycle
Serious toxicity® 3 (50) 1 (33) 0 3 (37.5) 7 (32)
According to the protocol 0 0 5 (71) 0 5 (23)
Progressive disease 1(17) 1 (33) 0 2 (25) 4 (18)
Combination of serious toxicity and 117 1 (33) 0 1 (12.5) 3 (13)
progressive disease
Patient refuses second cycle 1(17) 0 0 1 (12.5) 2 (9)
Other indications (protocol violation) 0 0 0 1 (12.5) 15

“Two patients received two high-dose cycles as adjuvant treatment (protocol violation).
TInclude two patients who died during the first high-dose cycle (one with the indication progressive disease and one relapse patient).

resections among men who received HDCT as
relapse treatment.

Survival

HDCT due to poor response on primary trearment. OS
and FFS after median 7.2 years was 72% and 64%,
respectively (Table III, Figure 2), with 26/36 men
being disease-free at last follow-up. Two patients
(5.5%) died due to treatment-related complications,
five (13.9 %) because of progressive disease and
three (8.3%) due to relapse.

One patient who progressed with increasing HCG
levels and pulmonary metastases after HDCT was
treated with chemotherapy (PEI) and surgery. He
relapsed again, and was salvaged with EMACO
(etoposide, methotrexate, dactinomycin, cyclofosf-
amide and vincristine), and is still 11 years later in
complete remission. Two of five men with relapse
after HDCT achieved complete remission after sal-
vage chemotherapy and/or surgery and were disease-
free at last follow-up.

HDCT as relapse treatment. OS and FFS after median
6.6 years was 58% and 42%, respectively (Table III,
Figure 2). One patient (8.3%) died because of a
treatment-related complication, three of 12 (25%)
died as a result of progressive disease and one patient
(8.3%) died due to relapse after HDCT. Of the three
patients relapsing after HDCT, two had several
relapses after HDCT and were treated with salvage
chemotherapy and/or surgery, and were alive with
active disease at last follow-up.

Prognostic factors. Results are presented in Table IV.
In univariate analyses, OS was negatively associated
with age at HDCT, and men who died were older at
HDCT than those who survived (mean age at HDCT
38 vs. 30 years, p=0.028). OS tended to be signifi-
cantly associated with marker status prior to HDCT
(p =0.057), but was not associated with the number
of chemotherapy cycles prior to HDCT.

There was no statistically significant association
between FFS and age at HDCT (mean age at
HDCT 35 vs. 31 years, p=0.15). FFS tended to

Table III. Outcome (survival, progression and relapse) according to indication for high-dose chemotherapy (HDCT).

Overall
survival, %

Failure-free  Progression after Relapse after
survival, % high-dose, % high-dose, %

HDCT as part of primary treatment (n=43)

Poor responders (n=36) 72 64 17 14
Slow marker decline after treatment intensification (n=29) 76 69 14 14
Progressive disease during primary treatment (n=7) 57 43 29 14

Vital cancer at post-chemotherapy surgery (adjuvant treatment, n = 7) 100 71 0 297

HDCT as relapse treatment (n=12) 58 42 25 25

“Two patients treated with HDCT as adjuvant treatment relapsed after HDCT. One patient relapsed after only three months. He has had
several pulmonary relapses, and has been treated with chemotherapy and surgery. He was disease-free at last follow-up. The other patient
had a pulmonary relapse eleven months after HDCT. He was treated with surgery and was disease-free at last follow-up.
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Figure 2. Survival rates for men who received high-dose
chemotherapy (HDCT) due to poor response to primary
treatment (BEP plus ifosfamide, n=36) or relapse (n=12)
with overall survival rates at 72% and 58%, respectively (Figure
2A) and failure-free survival rates at 64% and 42%, respectively
(Figure 2B).

be significantly associated with marker status prior
to HDCT (p = 0.055), but was not associated with
number of chemotherapy cycles prior to HDCT. In
multiple Cox regression analyses, increasing age
and being marker positive before HDCT was asso-
ciated with increased risks for death or treatment
failure (Table IV).
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Toxicity

Treatment-related toxicity is presented in Table V.
Hematologic toxicity and total ward time did not
differ between the first and the second HDCT cycles.
The vast majority of patients had severe mucositis
and infections. Otherwise, nephrotoxicity grade 4
was the most common non-hematological toxicity,
affecting 9% of all patients.

Three men (5.5%) died during HDCT at three
different institutions. Two died during the first
HDCT cycle, and one during the second. All were
treated before the year 2000. Causes of death for
these three men were: 1) renal failure and cardiac
arrest (age 24 years, death during first cycle); 2) renal
failure and subarachnoid hemorrhage (age 49 years,
death during first cycle); and 3) intracerebral hemor-
rhage (age 56 years, death during second cycle).

For the remaining 52 patients, residual symptoms
lasted more than a year in five (9%) patients, while the
others had normal recovery of toxicity. No cases of acute
leukemia have been diagnosed during follow-up.

Discussion

Herein, we have shown that HDCT for patients with
metastatic NSGCT, selected as poor responders after
treatment intensification according to the SWENO-
TECA IV cancer care program, is feasible and have
resulted in favorable OS and FFS rates at 72% and
64%, respectively. No events in OS or FFS were
observed after two years’ follow-up for these patients.
HDCT as relapse treatment resulted in notable OS
and FFS rates at 58% and 42%. Patients who received
HDCT as adjuvant treatment were few and thus data
do not permit any conclusions. Although serious tox-
icity was within acceptable limits, the treatment-
related mortality at 5.5% is of concern.

Strengths of this study include the prospective,
population-based design, completeness of the data-
base and the long observation period of median 7.5
years. Limitations include the relatively small sample
size and the heterogeneous patient population with
regard to indications for HDCT, which restrict the
possibility to perform subgroup analysis.

The outcome after HDCT for poor responders
to treatment intensification step 1 in the present
study is superior to some of the previously published
studies [4,7,9,12]. Our OS and FFS rates equal the
5-year OS and FFS rates (75% and 64%, respec-
tively) presented by Hartmann et al. [6] and the
2-year OS rate at 71% from Motzer et al. [8]. How-
ever, both these studies included all poor-prognosis
patients, while we have selected the patients with
poor response to initial conventional dose chemo-
therapy, of whom the majority (33/36) were classified
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Table IV. Univariate analyses and multivariate Cox regression analyses with HR for death or treatment failure, stratified for treatment

indication (poor responders vs. relapse).”

Death Treatment failure
Univariate Multivariate Univariate Multivariate
p-value HR (95% CI) p-value HR (95% CI)
Aget 0.028 1.08 (1.03-1.15) 0.149 1.06 (1.01-1.11)
Mk status before HDCT 0.057 0.055
Negative (40%) Reference Reference
Positive (60%) 4.60 (1.08-19.7) 5.08 (1.30-19.9)
No. of cycles prior to HDCT 0.682 0.587 1.50 (0.23-9.82)

=4 cycles (33%)
5-6 cycles (38%)
=17 cycles (29%)

Reference
1.31 (0.36-4.75)
0.50 (0.05-5.76)

Reference
1.87 (0.59-5.90)
1.87 (0.59-5.90)

*CI, confidence interval; HDCT, high-dose chemotherapy; HR, hazard ratio; Mk, marker; No, number.

tAge was included as a continuous variable.

as poor-prognosis. In total 138 men included in
SWENOTECA IV were classified as poor-prognosis,
of whom the majority received standard BEP chemo-
therapy alone or intensified with ifosfamide, followed
by surgery in most cases.

The exclusion of men with extragonadal germ
cell cancers who carry a worse prognosis than pri-
mary testicular germ cell cancers [13], may have
contributed to a more favorable outcome when

Table V. Toxic effects of high-dose chemotherapy.”

compared to studies where these are included. All
men in our study received minimum four cycles of
cisplatin-based chemotherapy prior to HDCT, which
contrasts other studies where only one to two cycles
of standard induction chemotherapy were adminis-
tered [4,6-9,12].

Motzer et al. were the first to report promising
results from the intensification strategy, with two
cycles of HDCT after two conventional-dose cycles

Primary treatment, n =43 Relapse All patients
Poor responders Adjuvant
n=36 n=7 n=12 n=55
Hematologic toxicity
Days to ANC>1.0 X 10%/L
First cycle 10 (8-15) 9 (9-11) 10 (8-17) 10 (8-17)
Second cycle 10 (8-15) 10 (9-10) 9 (8-11) 10 (8-15)
Days to platelet count > 20 X 10%/L
First cycle 11 (7-16) 11 (8-18) 12 (8-35) 11 (7-35)
Second cycle 11 (6-15) 11 (9-12) 10 (8-11) 11 (6-15)
Number of platelet transfusions
First cycle 4 (0-16) 6 (4-11) 5 (2-22) 5 (0-22)
Second cycle 5 (1-12) 5 (3-6) 4 (2-7) 5 (1-12)
Total ward time
First cycle 23 (12-37) 22 (20-28) 25 (19-54) 23 (12-54)
Second cycle 23 (13-31) 20 (19-20) 22 (17-23) 23 (13-31)
Grade 4 non-hematologic toxicity’
Nephrotoxicity, no (%) 3 (8.3) 0 2 (16.7) 5 (9.1)
Bleeding, no (%) 3 (8.3) 0 0 3 (5.5)
Neurotoxicity, no (%) 1 (2.8) 1 (14.3) 0 2 (3.6)
Diarrhea/obstipation, no (%) 1(2.8) 1 (14.3) 0 2 (3.6)
Cardiac toxicity, no (%) 0 0 1 (8.3) 1(1.8)
Liver toxicity, no (%) 0 0 1 (8.3) 1(1.8)
Pulmonary toxicity, no (%) 0 0 1 (8.3) 1 (1.8)
Treatment-related death, no (%) 2 (5.6) 0 1 (8.3) 3 (5.5)

*ANGC, absolute neutrophil count; no, number.
Data are median (range) unless otherwise specified.
TAccording to the World Health Organization classification.



in patients with slow tumor marker decline [4,12].
Even though the Intergroup study failed to show
any survival benefit for HDCT in the total patient
population, a subgroup analysis of 67 patients with
unsatisfactory tumor marker decline showed a sig-
nificantly higher 1-year complete response rate in
the HDCT treated group compared with standard
BEP (61% vs. 34%, p=0.03) [8]. These results
support the concept that HDCT should be used
for selected patients not responding sufficiently to
standard-dose chemotherapy, which is in accor-
dance with our study.

Randomized studies have been unable to demon-
strate superiority for HDCT in comparison to BEP
as primary treatment for poor-prognosis patients
[7-9]. Nevertheless, the negative results from the
French high-dose study [7] should be interpreted
with caution since the dose-intensity in the HDCT
arm was low and the regimen used in the control arm
was not standard treatment. The EORTC study
which randomized patients to four cycles of standard
etoposide, ifosfamide and cisplatin (VIP) or one
standard VIP cycle followed by three high-dose VIP
cycles, was unfortunately closed prematurely due to
slow accrual [9]. Overall survival did not differ
between the two groups, but there was a tendency
towards increased failure-free survival rates in
favor of the high-dose VIP arm after one (66.1%
vs. 48%, p = 0.035) and two years (58.2% vs. 44.8%,
p=0.06).

Several phase I/II studies [14—17] and retrospec-
tive studies [18-21] evaluating the effect of HD-CT
in patients with relapse or cisplatin-refractory dis-
ease have been published. There is considerable
variation in study design, patient selection and char-
acteristics, thus FFS ranges from 35% to 63%. Our
FFS rate at 42% after 6.6 years among the 12 men
who received HDCT as relapse treatment is com-
parable to the majority of previous studies. The only
published phase III study on salvage HDCT did not
report any difference between treatment with stan-
dard PEI vs. one HDCT cycle (FFS 35% vs. 42%,
p=20.16) [22].

The treatment-related mortality rate at 5.5% in
our study is comparable to some previous studies,
[3,8,20,22] while others have reported lower mor-
tality rates [9,16,19,21]. All three patients in our
study died before the year 2000, and the lower later
mortality rate might be a result of better supportive
care after HDCT. Two of three treatment-related
deaths were possibly a result of renal failure. Fur-
thermore, nephrotoxicity grade 4 affected 9% of
the patients. Renal and cardiac toxicity are known
adverse effects of cyclofosfamide, particularly when
applied at maximum doses as in the present study
[23]. Concern has been raised regarding the
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increased risk for developing secondary acute
leukemia after high-dose etoposide. None of our
patients have developed acute leukemia, in line
with the low cumulative incidence of acute leuke-
mia at 0.5-2.6% in previous studies [24,25]. For
patients who were able to receive two cycles of
HDCT, toxicity in terms of hematological toxicity
and in-ward time were the same for the first and
the second cycle.

A single HDCT cycle is probably inadequate to
provide optimal cell kill as indicated by results pre-
sented by Pico et al. [22]. SWENOTECA has rec-
ommended tandem cycles, in line with the majority
of other studies. Some have included triplet HDCT,
but these studies have used lower dosages of the
active drugs and less pretreatment [15,17]. No con-
clusions can be made with regard to the optimal
number of HDCT cycles from the present study, as
this question not was an aim of the study protocol.
Increasing age at HDCT and being marker positive
before HDCT were unfavorable prognostic factors
for survival in our study.

In conclusion, we have shown that the SWENO-
TECA HDCT strategy is a feasible approach within
a population-based cancer care program. Selecting
patients who do not respond adequately to primary
standard-dose chemotherapy, for immediate treat-
ment intensification with HDCT, might be advan-
tageous. By this strategy, HDCT was limited to
only 6% of patients initially presenting with meta-
static disease. Future studies should aim for an
optimal selection of the patients who will benefit
from HDCT.

Acknowledgements

The Swedish Cancer Society, Gunnar Nilsson
Foundation for Cancer Research, Nordic Cancer
Union. An appendix with the participating investi-
gators is available in the online version of the
journal. Please find this material with the direct
link to the article: http//informahealthcare.com/
doi: 10.3109/0284186X.2011.641507. None of the
authors have any financial or personal disclosures
to declare.

Disclosure of interest: The authors report no
conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

References

[1] Feldman DR, Bosl GJ, Sheinfeld J, Motzer R]. Medical treat-
ment of advanced testicular cancer. JAMA 2008;299:672-84.
[2] Olofsson SE, Tandstad T, Jerkeman M, Dahl O, Stahl O,
Klepp O, et al. Population-based study of treatment guided



176  H. S. Haugnes et al.

by tumor marker decline in patients with metastatic non-

seminomatous germ cell tumor: A report from the Swedish-

Norwegian Testicular Cancer Group. J Clin Oncol 2011;

29:2032-9.

Droz JP, Pico JL, Ghosn M, Kramar A, Rey A, Ostronoff M,

et al. A phase II trial of early intensive chemotherapy with

autologous bone marrow transplantation in the treatment of
poor prognosis non seminomatous germ cell tumors. Bull

Cancer 1992;79:497-507.

Motzer R], Mazumdar M, Gulati SC, Bajorin DF, Lyn P,

Vlamis V, et al. Phase II trial of high-dose carboplatin and

etoposide with autologous bone marrow transplantation in

first-line therapy for patients with poor-risk germ cell tumors.

J Natl Cancer Inst 1993;85:1828-35.

Schmoll HJ, Kollmannsberger C, Metzner B, Hartmann JT,

Schleucher N, Schoffski P, et al. Long-term results of first-

line sequential high-dose etoposide, ifosfamide, and cisplatin

chemotherapy plus autologous stem cell support for patients
with advanced metastatic germ cell cancer: An extended
phase I/Il study of the German Testicular Cancer Study

Group. J Clin Oncol 2003;21:4083-91.

Hartmann JT, Gauler T, Metzner B, Gerl A, Casper J, Rick

O, et al. Phase I/II study of sequential dose-intensified ifos-

famide, cisplatin, and etoposide plus paclitaxel as induction

chemotherapy for poor prognosis germ cell tumors by the

German Testicular Cancer Study Group. J Clin Oncol

2007;25:5742-17.

Droz JP, Kramar A, Biron P, Pico JL, Kerbrat P, Peny J, et al.

Failure of high-dose cyclophosphamide and etoposide com-

bined with double-dose cisplatin and bone marrow support

in patients with high-volume metastatic nonseminomatous
germ-cell tumours: Mature results of a randomised trial. Eur

Urol 2007;51:739-46.

Motzer R]J, Nichols CJ, Margolin KA, Bacik J, Richardson

PG, Vogelzang NJ, et al. Phase III randomized trial of con-

ventional-dose chemotherapy with or without high-dose

chemotherapy and autologous hematopoietic stem-cell res-
cue as first-line treatment for patients with poor-prognosis
metastatic germ cell tumors. J Clin Oncol 2007;25:247-56.

Daugaard G, Skoneczna I, Aass N, de WR, De SM, Dumez H,

et al. A randomized phase III study comparing standard dose

BEP with sequential high-dose cisplatin, etoposide, and ifos-

famide (VIP) plus stem-cell support in males with poor-

prognosis germ-cell cancer. An intergroup study of EORTC,

GTCSG, and Grupo Germinal (EORTC 30974). Ann Oncol

2011;22:1054-61.

[10] WHO handbook for reporting results of cancer treatment.
WHO offset publication No 48, 1980.

[11] Vittinghoff E, McCulloch CE. Relaxing the rule of ten events
per variable in logistic and Cox regression. Am J Epidemiol
2007;165:710-8.

[12] Motzer RJ, Mazumdar M, Bajorin DF, Bosl GJ, Lyn P,
Vlamis V. High-dose carboplatin, etoposide, and cyclophos-
phamide with autologous bone marrow transplantation in
first-line therapy for patients with poor-risk germ cell tumors.
J Clin Oncol 1997;15:2546-52.

[13] Bokemeyer C, Nichols CR, Droz JP, Schmoll HJ, Horwich
A, Gerl A, et al. Extragonadal germ cell tumors of the

3

—

[4

—

[5

[t}

[6

—_

[7

—

(8

—

[9

[}

Supplementary material available online

Appendix at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2011.641507.

mediastinum and retroperitoneum: Results from an interna-
tional analysis. J Clin Oncol 2002;20:1864-73.

[14] Margolin KA, Doroshow JH, Frankel P, Chow W, Leong LA,
Lim D, et al. Paclitaxel-based high-dose chemotherapy with
autologous stem cell rescue for relapsed germ cell cancer.
Biol Blood Marrow Transplant 2005;11:903-11.

[15] Feldman DR, Sheinfeld J, Bajorin DF, Fischer P, Turkula S,
Ishill N, et al. TI-CE High-dose chemotherapy for patients
with previously treated germ cell tumors: Results and prog-
nostic factor analysis. J Clin Oncol 2010;28:1706-13.

[16] Siegert W, Beyer J, Strohscheer I, Baurmann H, Oettle H,
Zingsem ], et al. High-dose treatment with carboplatin,
etoposide, and ifosfamide followed by autologous stem-cell
transplantation in relapsed or refractory germ cell cancer: A
phase I/IT study. The German Testicular Cancer Cooperative
Study Group. J Clin Oncol 1994;12:1223-31.

[17] Lotz JP, Bui B, Gomez F, Theodore C, Caty A, Fizazi K, et al.
Sequential high-dose chemotherapy protocol for relapsed
poor prognosis germ cell tumors combining two mobilization
and cytoreductive treatments followed by three high-dose
chemotherapy regimens supported by autologous stem cell
transplantation. Results of the phase II multicentric TAXIF
trial. Ann Oncol 2005;16:411-8.

[18] Beyer J, Kramar A, Mandanas R, Linkesch W, Greinix A,
Droz JP, et al. High-dose chemotherapy as salvage treatment
in germ cell tumors: A multivariate analysis of prognostic
variables. J Clin Oncol 1996;14:2638-45.

[19] Bhatia S, Abonour R, Porcu P, Seshadri R, Nichols CR, Cor-
netta K, et al. High-dose chemotherapy as initial salvage
chemotherapy in patients with relapsed testicular cancer.
J Clin Oncol 2000;18:3346-51.

[20] Vaena DA, Abonour R, Einhorn LH. Long-term survival
after high-dose salvage chemotherapy for germ cell malig-
nancies with adverse prognostic variables. ] Clin Oncol 2003;
21:4100-4.

[21] Einhorn LH,Williams SD, Chamness A, Brames M]J, Perkins
SM, Abonour R. High-dose chemotherapy and stem-cell res-
cue for metastatic germ-cell tumors. N Engl J] Med 2007;
357:340-8.

[22] Pico JL, Rosti G, Kramar A, Wandt H, Koza V, Salvioni R,
et al. A randomised trial of high-dose chemotherapy in the
salvage treatment of patients failing first-line platinum chem-
otherapy for advanced germ cell tumours. Ann Oncol
2005;16:1152-9.

[23] Lorch A, Kollmannsberger C, Hartmann JT, Metzner B,
Schmidt-Wolf IG, Berdel WE, et al. Single versus sequential
high-dose chemotherapy in patients with relapsed or refrac-
tory germ cell tumors: A prospective randomized multicenter
trial of the German Testicular Cancer Study Group. J Clin
Oncol 2007;25:2778-84.

[24] Houck W, Abonour R, Vance G, Einhorn LH. Secondary
leukemias in refractory germ cell tumor patients undergoing
autologous stem-cell transplantation using high-dose etopo-
side. J Clin Oncol 2004;22:2155-8.

[25] Wierecky ], Kollmannsberger C, Boehlke I, Kuczyk M,
Schleicher J, Schleucher N, et al. Secondary leukemia after
first-line high-dose chemotherapy for patients with advanced
germ cell cancer. J] Cancer Res Clin Oncol 2005;131:255-60.





