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1990 to 1994 to 47% (95% Cl, 43% to 50%) and 54% (95% CI, 50% to 57%), respectively, in 2010 to 2015
(P < .0001). TT recipients were more likely than ST recipients to undergo autoHCT as first salvage treat-
ment. The proportion of TTs increased from 38% of all autoHCTs in 2000 to 2004 to 77% in 2010 to 2015.
Nonseminoma histology, residual disease at autoHCT, >1 line of pretransplantation chemotherapy, and ST
versus TT were associated with inferior PFS and OS. Post-transplantation survival has improved significantly
over time for relapsed/refractory male GCT and is associated with the increased use of TTs (compared
with STs) and performance of autoHCT earlier in the disease course.

Crown Copyright © 2019 Published by Elsevier Inc. on behalf of American Society for Blood and Marrow

Transplantation. All rights reserved.

INTRODUCTION

Germ cell tumors (GCTs) represent one of the most common
curable malignancies affecting adolescent and young adult men
in both Europe and North America [1,2]. Despite high rates of
platinum sensitivity, up to 40% of men with intermediate- or
poor-risk advanced GCT will require salvage treatment [3]. The
prognosis for relapsed/refractory male GCTs remains poor, and
death from disease accounts for the greatest average number of
years of life lost due to any adolescent or adult solid tumor [4].
The current standard of care for salvage of relapsed/refractory
GCT includes either conventional-dose chemotherapy (CDCT)
consisting of cisplatin, ifosfamide, and vinblastine, paclitaxel, or
etoposide, or high-dose chemotherapy (HDCT) with autologous
hematopoietic cell transplantation (autoHCT) [5-8]. Currently,
there are no randomized data to inform the optimal sequencing
of these approaches and the number of transplantations (single
transplant [ST] versus tandem transplant [TT] versus triple trans-
plant) in the salvage setting.

The era of autoHCT for GCT began with the introduction of
high-dose carboplatin in 1986 [9]. In a phase 2 study led by the
Eastern Cooperative Oncology Group (ECOG) for patients with
relapsed/refractory GCT, a regimen of HDCT with carboplatin
and etoposide with autoHCT led to cure in 23% of cases[10].
Several other single-arm prospective and retrospective studies
demonstrated a benefit with HDCT [7,11,12]. In an observa-
tional multicenter study of patients with advanced GCT who
received either HDCT or CDCT as first-line salvage treatment,
HDCT demonstrated better progression-free survival (PFS) in
all prognostic groups [13]. However, a randomized study failed
to demonstrate a benefit with HDCT [14]. These results could
be attributed to a high dropout rate in the transplantation arm
secondary to the use of multiple lines of CDCT before autoHCT
and the use of HDCT considered suboptimal. In a prospective
study comparing 1 cycle of CDCT followed by 3 cycles of HDCT
to 3 cycles of CDCT followed by 1 cycle of HDCT in patients
with relapsed/refractory GCT, there was no statistical differen-
ces in outcomes between the 2 arms, likely because the trial
was stopped prematurely after excessive nonrelapse mortality
(NRM) was detected in the ST arm [15].

These conflicting data have led to the lack of a standard of
care in the salvage setting, resulting in wide variation in clinical
practice worldwide, underscoring the need for a randomized
prospective study, which is currently ongoing (TIGER; Clinical
Trials.gov identifier NCT02375204). Given that the current out-
come data are mainly from highly specialized centers, we ana-
lyzed the outcomes of patients with relapsed/refractory male
GCT who underwent autoHCT and were reported to the Center
for International Blood and Marrow Transplant Research
(CIBMTR). The CIBMTR reporting mechanism captures the
majority of autoHCTs performed in North America [16].

METHODS
Data Source

The CIBMTR is a prospectively maintained registry that collects HCT data
from more than 500 centers worldwide [16]. Data are collected prospectively

at 2 levels: registration and research. The registration data include disease
type, age, sex, date of diagnosis, conditioning regimen, post-transplantation
disease progression, survival, and cause of death for all transplantations
reported to the CIBMTR. More detailed data are collected from a subgroup of
registered patients selected for research data using a weighted randomiza-
tion scheme. Data are collected pretransplantation, at 100 days and 6 months
post-transplantation, and annually thereafter until death or last follow-up.
Protected health information used in the performance of such research is col-
lected and maintained in the CIBMTR's capacity as a Public Health Authority
under the HIPAA Privacy Rule. Data accuracy and completeness are main-
tained by rigorous onsite audits and quality visits as part of a comprehensive
data quality program.

Patient Selection

Patients who underwent autoHCT for relapsed/refractory GCT in the
United States and Canada between January 1, 1990, and December 31, 2015,
and registered with CIBMTR were included. These included 2395 patients on
the registration track, that is, all GCT patients reported to the CIBMTR. Data
were analyzed in arbitrarily grouped 5-year cohorts based on the year of
autoHCT: 1990 to 1994, 1995 to 1999, 2000 to 2004, 2005 to 2009, and 2010
to 2015. This dataset was used to assess survival trends. Research-level data
were available for a subgroup of 267 patients who underwent autoHCT
between 2000 and 2015 and were analyzed in multivariable analyses. Key
characteristics and survival for the patients who underwent autoHCT
between 2000 and 2015 were compared between the registration set
(N=1489) and the research subset (N=267) to confirm that the subgroup
was representative of the overall dataset (Supplementary Table 1). Data accu-
racy of the CIBMTR database is ensured by mandatory audits of centers and a
robust quality system [17,18]. For this study, it was further enhanced by the
investigator's review of discrepancies and queries to centers whenever neces-
sary.

Definitions of Outcomes

Overall survival (OS) was defined as death from any cause with censoring
of surviving patients at last follow-up. PFS was defined as survival without
progressive disease or relapse from complete response. Patients alive and
without relapse/progression were censored at last follow-up. Relapse/pro-
gression was defined as the time to first evidence of recurrence or progres-
sion of GCT and summarized by the cumulative incidence estimate with NRM
as the competing risk. NRM was defined as death from any cause in the first
28 days after transplantation or death beyond 28 days after transplantation
in the absence of persistent disease, recurrence, or tumor progression. Cis-
platin resistance was defined as disease progression (tumor marker increase
with/without radiographic progression) within 6 months after cisplatin-
based chemotherapy. Cisplatin refractoriness was defined as disease progres-
sion (tumor marker increase with/without radiographic progression) during
treatment or within 4 weeks after cisplatin-based chemotherapy.

Statistical Analysis

Descriptive statistics of patient-, disease-, and transplantation-related fac-
tors were recorded as median and range for continuous variables and a percent-
age of the total for categorical variables. Estimates of outcomes were reported
as probabilities with 95% confidence intervals (CI). The probabilities of PFS and
0S were estimated using the Kaplan-Meier method, and comparisons were per-
formed using the log-rank test. The probabilities of relapse/progression and
NRM were estimated using the cumulative incidence function. Multivariate
analysis was performed using Cox proportional hazards models to identify risk
factors for the outcomes of interest. The variables tested in the multivariate
analysis were year of transplantation group (main variable), age, race, Karnofsky
Performance Status score, hematopoietic cell transplantation-comorbidity
index (HCT-CI), disease site, histology, presence of yolk sac tumor, International
Germ Cell Consensus Classification Group (IGCCCG) stage, Beyer score at trans-
plantation (calculated based on the presence/absence of mediastinal
nonseminoma primary tumor, refractory or absolute refractory disease to
conventional-dose cisplatin, and human chorionic gonadotropin [HCG] level
>1000 U/L before HDCT), lines of chemotherapy before HDCT, best response to
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initial chemotherapy (provided by transplantation centers using response eval-
uation criteria in solid tumors [RECIST] criteria and captured on CIBMTR forms),
platinum sensitivity, disease status before transplantation, intent for TT, time
from diagnosis to transplantation, and conditioning regimen. HCT-CI was ana-
lyzed as a categorical variable (0 versus 1 versus 2 versus >3), but
this information was not captured before 2007 as the HCT-CI was not intro-
duced until 2007.

The proportional hazards assumption was assessed for each factor. If the
proportional hazards assumption was violated, the covariates with nonpro-
portional hazards were included in the final model as time-dependent covari-
ates. Stepwise variable selection was used to identify variables that were
significant at the .05 level.

RESULTS
Patient-, Disease-, and Transplantation-Related Variables

Patient characteristics of the registration cohort (N =2395)
and the research subset (N = 267) are summarized in Tables 1
and 2, respectively. For the research subset, the median age at
transplantation was 32 years, 17% of patients had primary
extragonadal GCT (5% primary mediastinal GCT) at diagnosis,
and seminoma accounted for only 19% of the GCTs for which
autoHCT was performed. Almost one-half (49%) of the patients
had intermediate/poor-risk disease based on the IGCCCG clas-
sification, and 55% had intermediate/high-risk disease based
on Beyer scoring, although the Beyer risk was not calculable in
36% of the population (due to missing variables). In addition,
29% had platinum-resistant/refractory disease.

Nearly one-half (47%) of patients underwent autoHCT
within 12 months of initial diagnosis, and 80% did so within 24
months. Transplantation was performed earlier in the disease
course in later years; the proportion receiving transplantation
as first salvage therapy in 2010 to 2015 was higher compared
with earlier years (40% versus 12% for 2000 to 2004 and 21%
for 2005 to 2009). The proportion of TTs increased over time,
from 38% in 2000 to 2004 to 64% in 2005 to 2009 to 77% in
2010 to 2015. Almost one-half (45%) of patients had residual
disease with elevated tumor markers (PRm®) at the time of
HDCT, and 38% underwent HDCT with residual disease and

normal tumor markers (PRm"). A carboplatin/etoposide-based
regimen as the conditioning regimen was increasingly pre-
ferred over time, at 57% in 2000 to 2004, 80% in 2005 to 2009,
and 100% in 2010 to 2015, respectively. The median follow-up
of survivors from transplantation was 51 months (range, 3 to
313 months).

Trend in Outcomes in 1990 to 2015 (N=2395)

Univariate outcomes for the overall cohort showed no sta-
tistically significant change in NRM over time. However, the 3-
year relapse/progression rates decreased, and both PFS and OS
serially improved over the 5 time intervals (Table 3). Day +100
NRM was 8% (95% CI, 4% to 12%) in 1990 to 1994 versus 4%
(95% CI, 3% to 5%) in 2010 to 2015 (P = .20). The 3-year proba-
bility of relapse/progression decreased from 68% (95% CI, 61%
to 75%) in 1990 to 1994 to 42% (95% CI, 38% to 45%) in 2010 to
2015 (P < .001). Similarly, the 3-year PFS improved from 24%
(95% CI, 18% to 31%) in 1990 to 1994 to 47% (95% CI, 43% to
50%) in 2010 to 2015 (P < .0001) and the 3-year OS improved
from 35% (95% CI, 29% to 40%) in 1990 to 1994 to 54% (95% CI,
50% to 57%) in 2010 to 2015 (P < .0001) (Figure 1).

Multivariate Analysis of Outcomes (N=267)

Table 4 presents the results of the multivariate analysis of
outcomes, including relapse/progression, PFS, and OS. Residual
disease (PRm /PRm") at the time of transplantation, >1 line of
chemotherapy before HDCT, and nonseminoma histology were
associated with a higher incidence of relapse/progression, infe-
rior PFS, and inferior OS. Furthermore, TT was associated with
superior PFS and OS compared with ST. Figure 2 Year of trans-
plantation was not significant for OS when adjusted for all
these factors.

Characteristics of TT Recipients
Compared with ST, TT recipients were younger (31 years
[95% CI, 16-62 years] versus 34 years [95% CI, 13 to 76 years]),

Table 1
Characteristics of North American Male Patients Who Underwent AutoHCT for GCT Registered with the CIBMTR between 1990 and 2015
Variable 1990-1994 1995-1999 2000-2004 2005-2009 2010-2015
Number of patients 288 351 376 509 871
Number of centers 73 108 129 126 137
Age at transplantation, yr, median (range) 31(17-63) 32 (12-59) 31(12-61) 31(11-76) 30(11-70)
Karnofsky Performance Status score, n (%)
80-100 83(29) 202 (58) 241 (64) 353 (69) 745 (86)
<80 9(3) 21(6) 28(7) 44(9) 91(10)
Missing 196 (68) 128 (36) 107 (28) 112(22) 35(4)
Subdisease, n (%)
Testicular 269 (93) 305 (87) 251(67) 323(63) 614 (70)
GCT, extragonadal 19(7) 46 (13) 125(33) 186 (37) 257 (30)
Time from diagnosis to autoHCT, mo, n (%)
0-6 18 (6) 59 (17) 65 (17) 57 (11) 104 (12)
6-12 81(28) 109 (31) 126 (34) 185 (36) 351 (40)
12-18 46 (16) 66 (19) 60 (16) 93(18) 151(17)
18-24 24 (8) 28 (8) 36 (10) 55(11) 86 (10)
>24 60 (21) 82(23) 78 (21) 101 (20) 177 (20)
Missing 59 (20) 7(2) 11(3) 18 (4) 2(<1)
Number of transplantations, n (%)
Single autoHCT 212 (74) 233 (66) 214(57) 179 (35) 240 (28)
Double autoHCT 73 (25) 116 (33) 158 (42) 313(61) 507 (58)
Triple autoHCT 3(1) 2(<1) 4(1) 17 (3) 124 (14)
Follow-up of survivors, mo, median (range) 96 (3-313) 86 (4-245) 80(3-191) 72 (3-129) 27 (3-79)
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Table 2
Characteristics of North American Male Patients with Detailed Research Data Who Underwent First AutoHCT for GCTs in 2000-2015 and Reported to the CIBMTR
Variable 2000-2004 2005-2009 2010-2015
Number of patients 81 143 43
Number of centers 43 60 26
Age at autoHCT, yr, median (range) 35(15-58) 31(16-76) 32(13-57)
Karnofsky Performance Status score, n (%)
80-100 72 (89) 115 (80) 36 (84)
<80 7(9) 17 (12) 7(16)
Missing 2(2) 11(8) 0
Disease site at diagnosis, n (%)
Testicular 68 (84) 119 (83) 34(79)
Extragonadal
Retroperitoneal 5(6) 15(10) 2(5)
Mediastinum 6(7) 4(3) 4(9)
Other 2(2) 5(3) 3(7)
Histology at diagnosis, n (%)
Seminoma 18(22) 27 (19) 6(14)
Nonseminoma
Mixed nonseminoma 44 (54) 75 (52) 25(58)
Other pure histology™ 17 (20) 41(28) 10(24)
Missing 4(5) 12(8) 2(5)
Beyer score, n (%)
Low risk 10(12) 11(8) 4(9)
Intermediate risk 38 (47) 73 (51) 21 (49)
High risk 4(5) 8(6) 3(7)
Not evaluable 29(36) 51(36) 15(35)
Prognosis at diagnosis (IGCCCG stage), n (%)
Seminoma 18(22) 27(19) 6(14)
Nonseminoma good 10(12) 14(10) 7(16)
Nonseminoma intermediate 8(10) 27 (19) 3(7)
Nonseminoma poor 29 (36) 49 (34) 15(35)
Nonseminoma not specified 14(17) 26 (18) 10(23)
Missing 2(2) 0 2(5)
Lines of chemotherapy, n (%)
1 10(12) 30(21) 17 (40)
>2 71(87) 113 (79) 26 (61)
Planned vs performed autoHCTs, n (%)
Single autoHCT 50 (62) 52(36) 10(23)
Double autoHCT 31(38) 91(64) 33(77)
Disease status before transplantation, n (%)
PRm" 31(38) 66 (46) 23(53)
PRm™ 34(42) 53(37) 15(35)
Elevated markers only 10(12) 20(14) 4(9)
Missing 6(7) 4(3) 1(2)
Conditioning regimen’
Carboplatin +vp16 (no cyclophosphamide) 46 (57) 114 (80) 43(100)
Nonstandard regimens 35(43) 29 (20) 0
Time from diagnosis to transplantation, mo, n (%)
<12 42(52) 65 (45) 18 (42)
12-24 24(30) 51(36) 14(33)
>24 15(19) 27(19) 11(26)
Follow-up of survivors, mo, median (range) 70 (4-167) 72 (6-124) 16 (5-54)

PRm" indicates residual tumor with elevated markers; PRm’, residual tumor with normal markers.
* Pure histology included patients with pure embryonal cancer, yolk sac tumor, or choriocarcinoma.
' Nonstandard regimens included cyclophosphamide, thiotepa, busulfan, and various combinations not involving carboplatin and etoposide together

had a lower HCT-CI, and were more likely to have intermedi- platinum-resistant/refractory and to receive HDCT after 1
ate/poor-risk disease at primary diagnosis based on line of chemotherapy (28% versus 9%) within 1 year of
IGCCCG stage. TT recipients were also more likely to be diagnosis (51% versus 38%). There was increasing use of TT
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Table 4
Multivariate Analysis of Outcomes
Relapse/Progression PFS 0S
Parameter N HR PValue HR PValue HR PValue
Year of transplantation Overall 27 .04 .10
2000-2004 62 1.00 1.00 1.00
2005-2009 108 1.45 11 1.76 .01 1.69 .03
2010-2015 33 1.24 .50 1.47 22 1.36 43
Histology
Seminoma 41 1.00 1.00 1.00
Nonseminoma 162 2.71 <.01 1.97 .02 1.93 .05
Disease staging before HCT Overall <.01 <.01 <.01
Marker* 28 1.00 1.00 1.00
PRm™ 79 2.92 <.01 3.23 <.01 3.62 <.01
PRm" 96 3.45 <.01 3.7 <.01 4.89 <.01
Lines of chemotherapy Overall <.01 <.01 .01
1 42 1.00 1.00 1.00
2 101 2.21 <.01 2.35 <.01 1.76 .08
3+ 60 3.25 <.01 3.11 <.01 2.72 <.01
Number of autoHCTs
2+ 122 - - 1.00
1 81 - - 1.52 .03 213 <.01
Karnofsky Performance Status score
80-100 180 1.00 - - - -
<80 23 2.10 <.01 - - - -

HR indicates hazard ratio; Marker®, elevated tumor markers only.

HDCT in the second line (as opposed to later in the disease
course). Finally, we explored outcomes for GCT based on the
timing between the 2 transplantations and found that
<28 days provided the best outcomes with lower relapse and
PFS, without an increase in TRM. We attempted to perform
additional analyses, such as a difference in transplantation out-
comes based on early versus late relapse, but identified only 13
patients in the case report form (CRF) cohort that had a trans-
plantation for late relapse (>24 months from diagnosis) and
thus were unable to perform this analysis.

Although autoHCT has been established as an effective sal-
vage strategy for GCT, the lack of an established consensus on
the timing and the number of transplantations is evident from
the variation in practice noted in our study. Over the past 3
decades, practice has become more uniform, and an increasing
number of centers are performing autoHCT for GCT, which
likely explains the improvement in outcomes over time. In the
most recent cohort (2010 to 2015), we noted the near-uniform
use of carboplatin/etoposide conditioning regimen and use of
TT. In our overall cohort, however, the intent for a TT was only
62%, and 9% of these patients did not undergo TT owing to pro-
gressive disease or toxicity after the first transplantation of the
planned TT. These data suggest that ST is still considered an
effective salvage strategy by many physicians. The use of HDCT
for patients with extragonadal GCT also has increased over
time. AutoHCT is predominantly used in a second salvage or
later setting (in 79%), indicating that CDCT remains a preferred
approach in the first-line salvage setting in many centers. Simi-
lar to previous studies, autoHCT when used in patients age
>40 years was curative [21]. Despite indirect evidence that
adding a third drug to carboplatin plus etoposide might not be
beneficial [22], wide discrepancy was noted in the condition-
ing regimens used for autoHCT until the most recent cohort.
Non-carboplatin- etoposide-based regimens were adminis-
tered to a significant proportion of patients (43%), although a
difference in outcomes based on conditioning regimen was not

observed in multivariate analysis. Given the heterogeneity in
practice patterns and curative role of transplantation, these
patients would benefit from expertise at tertiary care centers
of testicular cancer excellence.

Importantly, TT was associated with superior PFS and OS,
and it appears that over time, TT is being increasingly adopted
into practice. Historically, treatment-related toxicity was high in
the era of marrow grafts when HDCT for GCT was developed at
Indiana University [9]. In the late 1990s, the use of growth fac-
tors, blood-derived hematopoietic cell grafts, and rapid engraft-
ment led to the development of TT. A similar study using the
CIBMTR database conducted in 1989 to 2002 analyzed 300
autoHCT recipients with relapsed/refractory GCT and found no
benefit with TT over ST [23]. The improved outcomes in the
most recent cohort in our study corroborates reported single-
institution experience and could be due to the numerous
improvements in peritransplantation care [24,25]. However,
there are no randomized prospective comparisons of ST versus
TT. In the modern era, investigators from Indiana University
reported 2-year PFS and OS of 60% and 66%, respectively, in a
cohort of 364 consecutive patients uniformly treated with TT
[26]. In our study, in a much more real-world setting, the 1-year
PFS and 2-year PFS in the latest cohort are 54% and 48%, respec-
tively, a substantial improvement over previous years.

Multivariate analysis suggests that the increasing use of TT
and performance of autoHCT earlier as first salvage treatment
are key practice changes that have likely contributed to the
improved outcomes seen in the latest cohort. Many of the cur-
rently identified prognostic models could not be validated in
our dataset, owing mainly to a lack of uniform and consistent
reporting of disease-related data [27,28]. Investigators at
Memorial Sloan Kettering Cancer Center (MSKCC) recommend
3 courses of HDCT as salvage therapy [12,29]. In our study,
only 6% underwent 3 courses of HDCT, suggesting that this
approach is not as widely used in North America. Notably,
although there were 48 patients from MSKCC and 306 from
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Indiana University in the registration dataset, there were no
patients from MSKCC and Indiana University in the research
dataset used for multivariate models. Owing to the small num-
ber of patients with the triple transplantation approach, we
did not formally compare outcomes for this approach.

The optimal timing of autoHCT in GCT has also been debated.
Several retrospective studies have reported better outcomes
with transplantation as a first salvage treatment [7,13]. In the
present analysis, only 21% overall underwent autoHCT as first
salvage treatment, and this was associated with a lower risk of
relapse and superior PFS and OS. The use of transplantation as a
first salvage treatment has increased over time, with 40% in the
latest cohort, compared with 12% in the early cohort. Although
our results provide further corroboration that early autoHCT
may be superior to CDCT in first-line salvage treatment, the
results of the prospective study are awaited.

Encouragingly, PFS and OS with transplantation for GCT has
clearly improved over time, indicating that substantial num-
bers of patients are being cured across many centers. As in
other recent series, nonseminoma histology, evidence of resid-
ual tumor at autoHCT, later line transplantation as well as ST
(versus TT), were associated with worse PFS and OS [7,26]. In
our multivariate model, cisplatin sensitivity did not predict
outcomes, very likely due to the extremely small number of
patients (n=10) who had true cisplatin-refractory disease
reported to the CIBMTR database within the research cohort.
The rate of secondary malignancy with autoHCT in our series
(<1%) is similar to that reported in the recent literature [30].

We acknowledge several limitations of this study, including
the retrospective nature of our dataset and accrual of patients
over a 25-year period at multiple institutions, during which
time supportive measures and peritransplantation care
evolved. However, examining the changing outcomes of trans-
plantation for GCT in the real world setting over time was our
intention. The following caveats should be borne in mind.
Prognostic data on several risk factors were missing for the
earlier cohorts (due to the long accrual period), limiting our
ability to study their impact across the whole population.
Patient selection bias may explain the improved survival seen
with early TT over ST. Finally, the CIBMTR only captures data
on patients who underwent a transplantation, and thus we are
unable to make comparisons with patients who did not
undergo a transplantation. Conversely, the strength of the
dataset lies in the large multicenter cohort with excellent lon-
gitudinal follow-up data on disease outcomes, as well as the
fact that the vast majority of transplantations performed across
the region are in this dataset. Thus, we are able to provide a
general view of the use of transplantations for GCT in North
America. In conclusion, these data validate previous knowl-
edge from large institutional series at specialized centers in a
real-world setting and suggest a benefit with the adoption of
early TT in relapsed/refractory GCT in the absence of prospec-
tive randomized trial results.
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