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Abstract 
Background.   Patients with relapsed intracranial germinoma can achieve durable remission with standard chemo-
therapy regimens and/or reirradiation; however, innovative therapies are required for patients with relapsed and/
or refractory intracranial nongerminomatous germ cell tumors (NGGCTs) due to their poor prognosis. Improved 
outcomes have been reported using reinduction chemotherapy to achieve minimal residual disease, followed by 
marrow-ablative chemotherapy (HDCx) with autologous hematopoietic progenitor cell rescue (AuHPCR). We con-
ducted a phase II trial evaluating the response and toxicity of a 3-drug combination developed for recurrent intra-
cranial germ cell tumors consisting of gemcitabine, paclitaxel, and oxaliplatin (GemPOx).
Methods.   A total of 9 patients with confirmed relapsed or refractory intracranial GCT were enrolled after signing 
informed consent, and received at least 2 cycles of GemPOx, of which all but 1 had relapsed or refractory NGGCTs. 
One patient with progressive disease was found to have pathologically confirmed malignant transformation to 
pure embryonal rhabdomyosarcoma (without GCT elements), hence was ineligible and not included in the anal-
ysis. Patients who experienced sufficient responses proceeded to receive HDCx with AuHPCR. Treatment response 
was determined based on radiographic tumor assessments and tumor markers.
Results.   A total of 7 patients achieved sufficient response and proceeded with HDCx and AuHPCR, and 5 sub-
sequently received additional radiotherapy. A total of 2 patients developed progressive disease while receiving 
GemPOx. Myelosuppression and transaminitis were the most common treatment-related adverse events. With a 
mean follow-up of 44 months, 4 patients (3 NGGCTs, 1 germinoma) are alive without evidence of disease.
Conclusions.   GemPOx demonstrates efficacy in facilitating stem cell mobilization, thus facilitating the feasibility 
of both HDCx and radiotherapy.

Keywords 

GemPOx | long-term survival | objective response rate | outcomes | relapsed intracranial 
GCTs

Primary intracranial germ cell tumors (GCTs) are rare hetero-
geneous tumors accounting for 3%–5% of all central nervous 
system (CNS) tumors in children and young adults, with an 

overall incidence rate of 0.1 per 100 000 person-years in the 
United States. These tumors are classified as germinoma 
or nongerminomatous germ cell tumors (NGGCTs), with 
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germinoma accounting for two-thirds of all CNS-GCT 
cases.1–4 Histologically, NGGCTs include yolk sac tumor 
(YST), embryonal carcinoma (EC), choriocarcinoma (CHC), 
and mixed malignant tumors in various combinations, 
often with teratoma or germinoma components.3,5

The overall cure rate for germinoma is more than 90% 
using either irradiation radiotherapy (RT) alone or re-
duced dose and volume irradiation preceded by responses 
to chemotherapy, such as carboplatin and etoposide.6–11 
However, patients with NGGCTs have poorer outcomes 
despite using multiagent neoadjuvant intensive chemo-
therapy regimens followed by full-dose craniospinal irra-
diation and focal boost. Overall survival (OS) rates have 
been reported ranging between 40% and 70%,5,12–16 al-
though with improved 5-year progression-free survival 
(PFS) and OS according to the most recent North American 
trial ACNS0122 and the Societé Internationale d’Oncologie 
Pediatrique (SIOP) GCT-96 trials.5,13 Patients who experi-
ence relapse after initial therapy or those who progress 
during preradiotherapy (pre-RT) chemotherapy have only 
rarely been salvageable.17,18 The use of high-dose marrow-
ablative chemotherapy remains the most promising 
strategy for relapsed or refractory patients after achieving 
minimal residual disease with some form of reinduction 
strategy.3,18,19 In order to achieve a state of minimal re-
sidual tumor prior to single-cycle marrow-ablative che-
motherapy with autologous hematopoietic progenitor cell 
rescue (AuHPCR), it is imperative to identify new drugs or 
drug combinations that have the best chance of achieving 
such a tumor response.

Several studies have reported the efficacy of the 
novel reinduction regimen gemcitabine, paclitaxel, and 
oxaliplatin (GemPOx) in recurrent systemic GCTs.20–23 We 
investigated the efficacy, tolerability, and outcomes of the 
GemPOx regimen in patients with confirmed relapsed 
or refractory intracranial GCTs, followed by single-cycle 
marrow-ablative chemotherapy using thiotepa, etoposide, 
and carboplatin with AuHPCR, in GemPOx-responsive pa-
tients (NCT01270724). We report the responses, adverse re-
actions, and survival rates with this combination regimen.

Materials and Methods

Patients Eligibility and Study Design

Between December 2009 and October 2019, patients of any 
age with relapsed or refractory primary CNS germinoma or 
NGGCTs, including endodermal sinus tumor YST, EC, CHC, 
and mixed germ cell tumors were eligible for the study. 
Patients with mature/immature teratoma were only eligible 
if they had tumor marker elevations consistent with ma-
lignant GCT elements. Eligibility was determined based on 
histologic confirmation and/or abnormal tumor markers 
(serum and/or cerebrospinal fluid [CSF]). Patients must 
either have a recurrence of CNS-GCT or should be refrac-
tory to initial therapy. In the absence of histological con-
firmation, patients were eligible with the following tumor 
marker elevations: serum and/or human chorionic gonad-
otropin beta (HCG-β) of more than 100 mIU/ml or any ele-
vation of α-fetoprotein (AFP) above 10 ng/ml and/or above 

institutional norms in the serum, and CSF AFP greater than 
2 ng/ml and/or above institutional norms. Patients without 
previous histological confirmation and without elevation 
of serum and/or CSF tumor markers (as defined above) 
were required to undergo surgery to confirm the diag-
nosis. Patients who received previously HDCx + AuHPCR 
or those who have received gemcitabine, oxaliplatin, and/
or paclitaxel were not eligible.

The study initially employed a Simon 2-stage Minimax 
design with a 10% Type I error rate where the null and al-
ternative response rates were 50% and 70%, respectively. 
That is, a response rate of 50% would be evidence that the 
study treatment is not promising whereas a response rate 
of 70% would indicate that the treatment is encouraging 
and warrant further study. First, 15 patients with relapsed 
GCT would be enrolled, treated, and assessed. If 8 or more 
patients exhibited a sufficient response after up to 4 cycles 
of reinduction treatment, then an additional 13 patients 
would be enrolled and treated. If a sufficient number of re-
sponses were observed at the end of the first stage, a total 
number of 28 patients with GCTs would be needed to en-
roll to attain 80% power. If the regimen were truly not effec-
tive, that is, if it induced sufficient responses only in 50% 
of NGGCT patients, then there is only a 9% chance that this 
design would reject the null in favor of the alternative hy-
pothesis and an average of only 22 NGGCT patients would 
be treated with the regimen. On the other hand, if the reg-
imen were truly effective, for example, if it induced suffi-
cient responses in 70% of NGGCT patients, then there is an 
80% chance that this design would conclude that the study 
treatment is promising and an average of 28 NGGCT pa-
tients would be enrolled (Supplementary Figure 1).

The protocol was approved by the institutional review 
board of the participating institutions, and informed con-
sent was obtained at enrollment prior to the initiation of 
the treatment protocol.

Study Endpoints and Response Definitions

The primary endpoint was the achievement of sufficient 
response allowing the patient to proceed to HDCx and 
AuHPCR after up to 4 cycles of reinduction chemotherapy. 
Responses were determined based on radiographic tumor 
assessments and tumor markers, as shown in Table 1. 
Radiographic tumor responses were assessed in 3D using 
either T1 or T2-weighted images. Tumor markers were clas-
sified as normal levels, abnormal but not rising, or rising.

A radiographic sufficient response to treatment was de-
fined as radiographic complete response (CR), partial re-
sponse (PR), or stable disease (SD). We defined sufficient 
overall response as CR, partial response 1 (PR1), partial re-
sponse 2 (PR2), or SD without dexamethasone dependency.

Complete response (CR) was defined as the disap-
pearance of all target lesions and normalization of tumor 
markers. PR1 was defined as ≥65% decrease in the sum of 
the products of the 3 perpendicular diameters of all target 
lesions and normalization of tumor markers, PR2 was 
defined as CR or PR with abnormal but not rising tumor 
markers (ie, the levels of tumor markers were higher than 
the institution norms, but not showing a consistent up-
trend or higher values when compared with the values at 

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad067#supplementary-data
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relapse). SD was defined as neither sufficient decrease to 
qualify as PR nor sufficient increase to qualify as progres-
sive disease (PD), with either normal or abnormal but not 
rising tumor markers.

Progressive disease (PD) was defined as the develop-
ment of a new disease or progression in any established 
lesions 40% or more increase in the product of perpendic-
ular diameters, taking as reference the smallest product 
observed since the start of treatment, the appearance of 
one or more new lesions, or rising tumor markers.

Secondary endpoints included PFS and OS.

Treatment

All patients received 2 cycles of the reinduction GemPOx 
chemotherapy regimen, and only those who failed to 
achieve a sufficient response and without PD proceeded 
with 2 additional cycles for a maximum of 4 reinduction 
cycles. The treatment regimen consisted of paclitaxel 170 
mg/m2 intravenous (IV) over 3 h, followed by gemcitabine 
800 mg/m2 IV infused over 1 h and oxaliplatin 100mg/m2 
IV over 2 h, on Day 1 of each cycle. Premedications with 
dexamethasone, ranitidine, and diphenhydramine were 
prescribed 30 min prior to paclitaxel infusion. Each cycle 
was defined as 14 days unless there was a delay in bone 
marrow recovery (absolute neutrophil count ANC ≥ 750/
mm3 and platelets ≥75 000/mm3), but no more than 28 
days of delay were allowed. Leukapheresis was completed 
after 2 induction cycles. Filgastrim (G-CSF 5 mcg/kg/day 
subcutaneously or intravenously) was only given for pa-
tients experiencing a delay in beginning the next cycle for 
7 days or longer.

The consolidation phase consisted of a single cycle of 
marrow-ablative chemotherapy with carboplatin (AUC of 
7/day × 3 days), thiotepa (300 mg/m2/day × 3 days), and 
etoposide (250 mg/m2/day × 3 days), followed by AuHPCR. 
The treatment protocol is shown in Figure 1.

For patients with germinoma who achieved sufficient 
response, further therapy was left to the discretion of the 

treating physician; such patients could continue on the 
study to receive consolidation or be removed and treated 
with RT. For patients with intracranial NGGCTs, a “second 
look surgery” was strongly recommended for those who 
failed to achieve sufficient radiographic response (radio-
graphic CR, PR, and SD) after 2–4 induction cycles, prior 
to proceeding to the consolidation phase. Patients with PD 
were to be taken off the study therapy.

Radiation therapy (RT) was permitted after recovery from 
consolidation and was particularly encouraged for patients 
who were RT-naïve, having progressed on initial chemo-
therapy. The volume and the field of RT were determined 
by the treating physician.

Statistical Analysis

Data were summarized with standard descriptive statistics. 
PFS and OS estimates and corresponding 95% confidence 
intervals (CI) were calculated using the Kaplan–Meier 
method. Survival was measured from the time of en-
rollment in the study to the time of event (death or pro-
gression) or to the time of censoring. Patients without an 
event were considered censored at the date of last contact. 
Statistical analyses were completed using SAS software, 
version 9.4 (SAS Institute, Cary, NC, USA).

Results

Patients

A total of 9 patients with relapsed or refractory intracranial 
GCTs were enrolled in the NEXT/CNS-GCT-4 Consortium 
trial and received up to 4 cycles of reinduction chemo-
therapy with GemPOx. One additional patient had patho-
logically confirmed metastatic transformation from NGGCT 
to pure embryonal rhabdomyosarcoma, without any GCT 
elements and was not included in the analysis (Figure 2). 

Table 1.  Overall Response Assessment

Target lesions Nontarget lesions New lesions Markers Overall response

Normal/abnormal/rising

CR CR No Normal CR

CR Non-PD No Normal PR1

PR Non-PD No Normal PR1

CR or PR Non-PD No Abnormal—not rising PR2

SD Non-PD No Normal/abnormal—not rising SD

Any Any Any Abnormal-rising PD

SD Non-PD Yes Any PD

PD Any Any Any PD

Any PD Any Any PD

Any Any Yes Any PD

Note: CR = complete response; PR = partial response; SD = stable disease; PD = progressive disease; PR1 = partial response with normal markers; 
PR2 = partial response with abnormal (but not rising) markers.
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For the 9 patients, ages at enrollment ranged from 13 to 46 
years (mean 20.1 years). Eight patients (88.9%) were male; 
the single germinoma patient was woman. Pathology was 
confirmed by histology and/or tumor markers, and com-
plete workup. One patient had relapsed germinoma in 
the basal ganglia, and 8 patients had NGGCTs. The most 
common locations of relapsed tumors were the pineal 
region (n = 7, 77.8%). Four patients (44.4%) had metastatic 
disease at enrollment. Patient demographics and charac-
teristics are shown in Table 2.

Response

All 9 patients received at least 2 cycles of the GemPOx 
reinduction chemotherapy regimen. Leukapheresis was 
only completed after 2 cycles if the patient achieved suffi-
cient response. The collection of peripheral hematopoietic 
progenitor cells was performed after the completion of the 
second induction cycle and before the beginning of the third 
or fourth cycle. Radiological responses to the reinduction 

regimen in 7 patients were as follows: 3 patients achieved 
PRs, and 4 patients had SD. Response evaluations to 
reinduction regimen taking into account both radiographic 
and tumor marker response in those 7 patients were as fol-
lows: 3 patients achieved a PR with normalization of tumor 
markers (PR1), and 4 patients had SD with abnormal tumor 
markers but not rising (Table 3, Figure 2).

Two patients (22.2%) developed PD during the induction 
regimen, of which one withdrew following 2 cycles for se-
vere paclitaxel neurotoxicity followed by rapid tumor pro-
gression and death, while the second patient, with pure 
pineal CHC, progressed after the third GemPOx cycle, and 
ultimately died from tumor progression.

All 7 patients without disease progression on GemPOx 
subsequently underwent HDCx with AuHPCR, of whom 5 
proceeded to receive some form of RT (Table 3). Of note, 
the patient who had relapsed germinoma received 4 cycles 
of induction regimen with GemPOx and then received 
tandem HDCx with AuHPCR off-study. One patient pro-
gressed during consolidation, while 2 patients progressed 
after completing RT, and ultimately died from tumor 
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Induction: up to 4 cycles

Consolidation

Radiation Therapy

The volume and field of RT determined by the treating physician

CNS GCT, central nervous system germ cell tumor; CR, complete response; PR, partial response; SD,

stable disease; PD, progressive disease; RT, radiation therapy; HDCx, marrow-ablative chemotherapy;

IV, intravenous; AuHPCR, autologous hematopoietic progenitor cell rescue.

Paclitaxel 170 mg/m2 IV over 3 hours Day 1 Every 14 days

Every 14 days

Every 14 days

Day 1

Day 1

800 mg/m2 IV over 1 hour

100 mg/m2 IV over 2 hours

500 mg/m2 or calculated by Calvert Formula (the
smaller value of the two was utilized)

300 mg/m2 or 10 mg/kg (If < 36 months old)

250 mg/m2 or 8.3 mg/kg (if < 36 months old)

Gemcitabine

Oxaliplatin

CarboplatinDays –8 to –6

Days –5 to –3

Days –5 to –3

Days –2 and –1

Day 0

Thiotepa

Etoposide

Rest day

AuHPCR

CR

PD

PR/SD

Consolidation
(HDCx + AuHPCR)

+/–RT

Off Study

2nd

Look
Surgery

Figure 1.  The treatment protocol for GemPOx strategy for recurrent CNS GCTs. Reinduction regimen consisted of paclitaxel followed by 
gemcitabine then oxaliplatin given on Day 1, in a 14-day cycles, for a maximum of 4 induction cycles. Patients who achieved sufficient responses 
proceeded to receive the consolidation phase.
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progression. None of the patients underwent second-look 
surgery after completing GemPOx reinduction, before pro-
ceeding into the consolidation phase.

Radiation Therapy

Data regarding the history of prior RT were available for 6 
patients. Five patients underwent RT as part of initial treat-
ment, before experiencing relapse and enrolling in this 
study. Within this group, 2 patients (designated as Patients 
1 and 3) received ventricular field irradiation with boost, 
while 3 patients (Patients 7, 8, and 9) did receive RT but the 
specific dose and field details were unknown. Three pa-
tients (Patients 4, 5, and 6) did not receive RT due to the 
detection of disease progression (through radiographic 
and/or tumor markers) during induction chemotherapy as 
used in the Children’s Oncology Group study ACNS0122 
(ClinicalTrials.gov identifier: NCT00047320). One patient 
(Patient 2) did not receive any form of RT prior to enroll-
ment in this study, and the rationale for this omission is 
unclear (Table 3).

Following completion of the consolidation phase, 5 
patients received RT, 3 patients did not receive any form 
of RT and 1 patient died during consolidation. Of those 
who received RT, 2 patients progressed, 1 ultimately 
died of tumor progression, and 1 was lost to follow-up. 
Only 1 patient who did not receive RT is alive with no ev-
idence of disease at the last follow-up. Due to the small 
sample size, meaningful statistical analysis could not be 
undertaken.

Survival Outcomes

The mean follow-up was 44 months (range: 1–86 months). 
The 2-year, 3-year, and 5-year PFS for the whole cohort 
were 66.7% (CI: 28.2–87.9%), 55.6% (20.4–80.5%), and 
44.4% (13.6–71.9%), respectively. Whereas, the 2-year, 
3-year, and 5-year OS were 66.7% (CI: 28.2–87.9%), 66.7% 
(CI: 28.2–87.9%), and 55.6% (CI: 20.4–80.5%), respectively 
(Table 4, Supplementary Figure 2). Four patients were alive 
and without evidence of disease at the last follow-up, in-
cluding the only patient with germinoma. Four patients 

Assessed for Eligibility (n = 10)

Excluded (n = 1)

No Randomization

Induction: GemPOx 2–4 cycles (n = 9)

Lost to follow-up (n = 1)

Analyzed (n = 9)

- Progression (n = 2)
- Toxicity (n = 1)

- Outcome (n = 9)

- Efficacy (n = 9)

- Safety and toxicities (n = 9)

Discontinued intervention before end
of protocol therapy (n = 3)

Consolidation: HDCx = AuHPCR (n = 7)

Radiation therapy (n = 5)

- Not meeting inclusion criteria (n = 1)
Pathologically confirmed Emrbyonal
Rhabdomyosarcoma without GCT

elements

Analysis

Follow-up

Allocation

Enrollment

Figure 2.  Consort diagram for GemPOx phase II study.

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad067#supplementary-data
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died of disease, while 1 patient was lost to follow-up 
(Supplementary Figure 3 represents the Swimmer Plot 
graph for all treated patients).

Correlation of Outcomes with Tumor Markers

Serum tumor markers (AFP and HCG-β) were collected at 
enrollment, following 4 cycles of reinduction with GemPOx, 
following HDCx with AuHPCR, and during follow-up. CSF 
tumor markers, on the other hand, were not obtained from 
every patient enrolled (Table 3). Three patients had serum 
AFP > 25 ng/ml at study enrollment, of whom all died of 
disease progression. One patient with intermediate eleva-
tion of serum AFP (between 10 and 25 ng/ml) ultimately 
relapsed following completion of the study protocol with 
very high serum AFP (>1000 ng/ml). All 4 patients who were 
alive at the last follow-up had normal serum AFP values at 
relapse (<10 ng/ml and/or below institutional norms), in-
cluding the patient with relapsed germinoma. However, de-
finitive conclusions could not be reached due to the small 
sample size (Supplementary Figure 4).

Toxicity

Toxicity was reported using the Common Terminology 
Criteria for Adverse Events Version 4.0. No deaths 
were attributed to the study treatment. Overall, there 
were 25 Grade 3 and 4 hematologic toxicities and 38 
nonhematologic adverse events during induction. The 
most common Grade 3 and 4 toxicities during the induc-
tion phase were neutropenia, thrombocytopenia, and 
transaminitis. One patient had an allergic reaction to 
paclitaxel (Grade 4) and one developed Grade 3 hypergly-
cemia during GemPOx treatment. During consolidation, 
Grade 3 and 4 toxicities included neutropenia, thrombo-
cytopenia, and mucositis. One patient developed Grade 
4 respiratory failure, sepsis, and kidney failure following 
stem cell infusion, followed by rapid clinical deterioration 
and ultimately death due to disease progression.

Discussion

Despite the improved OS of patients with intracranial germ 
cell tumors with combination therapies,5,11,13,24 the prog-
nosis of patients who relapse following combined che-
motherapy and RT remains poor. Currently, there are no 
standard salvage regimens considered optimally effective 
for these patients, and to date, the best results have been 
reported, either anecdotally or in retrospective studies, by 
employing a 2-stage approach: initial intensive reinduction 
chemotherapy to achieve minimal residual tumor, followed 
by HDCx with AuHPCR.18,19,25–27 This is the first prospective 
trial yet conducted for patients with refractory and relapsed 
intracranial germ cell tumors. The study induction regimen 
of GemPOx was well tolerated with acceptable toxicities.

Patients with intracranial germinoma have a higher like-
lihood of achieving remission at recurrence with a variety 
of known active chemotherapy agents. On the other hand, 
relapsed or progressive intracranial NGGCTs are difficult 
to treat when occurring after combined chemotherapy and 
RT.9 Furthermore, there are very few studies that have ad-
dressed the treatment in such patients, largely due to the 
rarity of this disease.27–29 Novel salvage chemotherapy re-
gimens are needed to achieve durable response in patients 
with recurrent or progressive CNS germ cell tumors, es-
pecially when combined with high-dose, marrow-ablative 
chemotherapy.18,19,27,30 It is imperative that new drug com-
binations be evaluated that will have the best chance at 
achieving tumor response, and ultimately improve sur-
vival.9,27,31 The clinical data in recurrent systemic germ cell 
tumors have provided a strong rationale for evaluating the 
combination of GemPOx and have shown to be effective 
in the treatment of recurrent systemic GCT arising outside 
the CNS.20,21,32

The German Testicular Cancer Study Group con-
ducted a multicenter phase II clinical trial with the com-
bination of gemcitabine, oxaliplatin, and paclitaxel in 
patients with platinum-refractory or multiply relapsed sys-
temic GCT,20 with an OS of 21% at 2 years.21,32 Grade 3/4 
myelosuppression was the most commonly encountered 
toxicity, which was also the most commonly observed ad-
verse event in our cohort.

Perez-Somarriba et al. treated 3 patients with relapsed 
NGGCTs with a GemPOx reinduction regimen (off-study).33 
All patients demonstrated remarkable tumor response 
with normalization of tumor markers. One patient re-
ceived consolidation treatment with HDCx and AuHPCR 
followed by craniospinal irradiation and remained in CR 
at 7 months following relapse. Wong et al. reported on 2 
patients with recurrent pineal NGGCTs who were enrolled 
in the GemPOx trial.34 Both patients achieved sufficient re-
sponses to reinduction with GemPOx per the study defi-
nition, followed by HDCx with AuHPCR and reirradiation: 
one patient was treated with Gamma Knife stereotactic 
radiosurgery of 18 Gy, while the second patient devel-
oped rising serum CSF AFP after he received standard of 
care chemotherapy and before his planned RT, prompting 
enrollment on the GemPOx trial. Following completion 
of treatment per protocol, he received CSI (36 Gy) with a 
boost to 54 Gy.

Table 2:  Patient Demographics and Characteristics

Patients demographics and characteristics

Characteristics No. %

Eligible patients 9

Age, mean (range), y 16.5 (7–49)

Sex

Male 8 88.9%

Female 1 11.1%

Primary tumor location

Pineal 8 88.9%

Suprasellar 1 11.1%

Localized or metastatic

Localized 6 66.7%

Metastatic 3 33.3%

http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad067#supplementary-data
http://academic.oup.com/nop/article-lookup/doi/10.1093/nop/npad067#supplementary-data
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In spite of the lack of a standard treatment approach, the 
survival rate of patients with relapsed CNS GCTs, espe-
cially those with NGGCTs, is improved when reinduction 
chemotherapy is followed by HDCx and AuHPCR.19,27,30,35 
Alkylating agents are active against both CNS and sys-
temic GCTs.17 Thiotepa crosses the blood–brain barrier 
efficiently.36,37 The combination of carboplatin, etoposide, 
and thiotepa has been used in malignant brain tumors 
and proven to be well tolerated.38 Modak et al. assem-
bled the largest experience with thiotepa-based HDCx re-
gimens followed by AuHPCR in the treatment of high-risk 
patients with recurrent GCTs.19 With a median follow-up of 
35 months, 7 of the 9 patients with recurrent germinomas 
were alive, while 4 of the 12 NGGCTs patients were alive. 
Of the 8 patients who achieved a CR with salvage proto-
cols before consolidation with HDCx, 5 survived without 
assessable disease 6–48 months after HDCx.

Furthermore, the efficacy of HDCx with AuHPCR de-
pends on the ability to mobilize hematopoietic stem 
cells successfully,39 a process considered of great chal-
lenge, especially in patients with prior exposure to bone 
marrow-suppressive intensive chemotherapy regimens 
and/or full-dose craniospinal irradiation.40 The ideal reg-
imen for stem cell mobilization is typically disease-specific 
and should have the ability to reduce tumor burden and 
enhance mobilization.41 In our cohort, 8 patients had suc-
cessful stem cell mobilization and collection after 2 cycles 
of reinduction with GemPOx, while achieving sufficient re-
sponses and disease stabilization.

Patients with recurrent germinoma tend to have encour-
aging salvage rates with only standard-dose chemotherapy 
and/or reirradiation. Murray et al. reported the outcomes of 
11 patients with relapsed germinoma following initial treat-
ment with the European SIOP-CNS-GCT-96 trial protocol. 
The outcomes were similar regardless of therapy received 
at relapse (standard-dose chemotherapy vs HDCx with 
AuHPCR).18 On the other hand, Kubota et al. suggested that 
the use of HDCx may eliminate the need for reirradiation 
in patients with recurrent germinoma who achieved CR 
with reinduction chemotherapy.25 Nevertheless, the OS is 
improved in patients who achieved CR with reinduction 
regimens.25,26

Unlike germinomas, patients with relapsed NGGCTs do 
not have an encouraging prognosis. Murray et al reported 
a 5-year OS of only 9% in patients who received HDCx with 
AuHPCR followed by reirradiation.18 Callec et al. reported 
similar results with a retrospective analysis of relapsed intra-
cranial GCTs from pooled clinical trials (including the SFOP-
TGM-TC 90/92, the SIOP-GCT-96), and the National Childhood 

Solid Tumor Registry.27 Twenty-five patients with relapsed 
NGGCTs were identified, of whom 13 of the 18 patients who 
received HDCx survived, while none of the 4 patients who re-
ceived neither HDCx nor reirradiation were alive.

Moreover, response to reinduction therapy influences the 
overall outcomes in patients with relapsed disease.25,27,42,43 
Abu Arja et al. demonstrated that the presence of high-risk 
or poor prognostic histology and a short time to relapse 
may adversely affect the response rate to reinduction re-
gimens.9 Furthermore, achieving CR to reinduction chemo-
therapy and receiving HDCx with AuHPCR were associated 
with improved survival in patients with relapsed NGGCT.43 
However, data suggest that patients with PR and without 
overt progression may still be salvageable as well.44 In 
our cohort, 7 patients (77.8%) proceeded to receive HDCx 
with AuHPCR, after achieving sufficient responses to the 
GemPOx reinduction chemotherapy regimen. Three pa-
tients achieved radiographic PR with an overall response 
of PR1, and 4 patients achieved radiographic and overall 
responses of SD.

The prognostic value of elevated tumor markers in pa-
tients with relapsed GCTs remains unclear. However, 
higher serum or CSF AFP levels may be associated with 
poorer survival.5,43 While our sample size was too small to 
draw any conclusions, it is of note that all 4 survivors, in-
cluding the patient with relapsed germinoma, had serum 
AFP values of less than 10 ng/ml at study enrollment 
(Supplementary Figure 4). Furthermore, the absence of 
CSF AFP data for certain patients precludes the correlation 
of serum AFP levels with treatment outcomes.

Despite the predefined study design and planned du-
ration of the clinical trial, the study enrollment was not 
fully achieved which contributed to a major limitation 
of the study. This is likely attributed to the rarity of this 
tumor type, highlighting the difficulties in completing 
such prospective trials without international collabor-
ations. Furthermore, heterogeneity in presentation, post-
transplant therapy, and the small sample size posed 
challenges in establishing conclusive biostatistical 
analysis.

The rapid advancement of genomic technologies has 
significantly advanced our understanding of the molec-
ular mechanisms underlying iGCTs, potentially providing 
valuable insights into prognosis and innovative treat-
ment strategies. CNS GCTs commonly exhibit mutations 
in the MAPK and PI3K pathways, with the KIT mutation 
being particularly prevalent. Notably, overexpression of 
KIT serves as a marker for germinoma, supporting the hy-
pothesis that migrating primordial germ cells are the cell 
of origin in germinomas and highlighting KIT as a potential 
therapeutic target.45–48

Moreover, transcriptomic analysis has further re-
vealed distinct biological characteristics of intracranial 
germ cell tumors (iGCTs), including significant heter-
ogeneity within the tumor microenvironment. These 
findings hold promise in informing future clinical trials. 
Interestingly, immune-cell infiltration is enhanced in 
nongerminomatous germ cell tumors (NGGCTs), char-
acterized by an immune-suppressive phenotype. This 
observation may help explain the treatment resistance 
observed in NGGCTs and also presents an opportunity for 
immune-based therapies.48

Table 4.  The PFS and OS for the Whole Cohort

Year PFS (95% CI) OS (95% CI)

2-y 66.7% (28.2–87.9%) 66.7% (28.2–87.9%)

3-y 55.6% (20.4–80.5%) 66.7% (28.2–87.9%)

5-y 44.4% (13.6–71.9%) 55.6% (20.4–80.5%)

Note: CI = confidence intervals; OS = overall survival; PFS = 
progression-free survival.
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MicroRNAs (miRNAs) have been implicated in the path-
ogenesis of iGCTs and may play a role as biomarkers for 
early diagnosis and the detection of relapse. However, 
further prospective studies are warranted to validate 
the role of miRNAs in iGCTs and their potential clinical 
applications.49,50

Overall, the integration of genomic advancements, 
characterization of key molecular alterations, explora-
tion of the tumor microenvironment, and investigation of 
miRNAs provide promising avenues for improving our 
understanding of pediatric CNS GCTs and may facilitate 
the development of personalized and targeted therapeutic 
strategies.

In conclusion, the current study still represents the 
only prospective clinical trial yet conducted assessing 
the efficacy and tolerability of a novel reinduction che-
motherapy regimen followed by HDCx with AuHPCR in 
patients with relapsed or refractory intracranial GCTs. 
Our results, despite the small number of patients en-
rolled, demonstrate that the GemPOx regimen is safe, 
tolerable, and effective in stem cell mobilization, hence, 
may be considered a reinduction regimen in patients 
with relapsed or refractory intracranial GCTs, when fol-
lowed with HDCx and RT.

Supplementary Material

Supplementary material is available online at Neuro-
Oncology (https://academic.oup.com/neuro-oncology).
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