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remission with initial chemotherapy. Only 20–40% of them 
will be cured with the use of platinum-containing standard-
dose or high-dose salvage chemotherapy with autologous 
stem cell transplantation (ASCT) [1–5]. Patients with mul-
tiple relapsed/refractory GCTs patients have extremely poor 
prognosis and long-term survival had been documented in 
< 5% [6–10].

Chemoresistance in solid tumors was associated with an 
upregulation of cancer stem cells (CSCs) markers [11, 12]. 
One of these markers is aldehyde dehydrogenase (ALDH) 
[11, 13]. This gene is expressed at high levels in stem cells 
and is involved in the regulation of stem cell function. Nine 
ALDH isoforms were identified potentially contributing to 
ALDH activity and they exhibit different expression pat-
terns in different cancer types. However, mainly ALDH1 
family members (ALDH1A1, ALDH1A2, and ALDH1A3) 

Introduction

Germ-cell tumours (GCTs) are extraordinarily chemosen-
sitive and resemble the clinical and biological characteris-
tics of a model for the cure of cancer [1]. Nonetheless, a 
small proportion of patients do not have a durable complete 
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Abstract
Background  Multiple relapsed/refractory germ cell tumor (GCT) patients have extremely poor prognosis. Cisplatin resistant 
testicular GCTs overexpress aldehyde-dehydrogenase (ALDH) isoforms and inhibition of ALDH activity by disulfiram is 
associated with reconstitution of cisplatin sensitivity in vitro as well as in animal model. This study aimed to determine the 
efficacy and toxicity of ALDH inhibitor disulfiram in combination with cisplatin in patients with multiple relapsed/refractory 
GCTs.
Methods  Disulfiram was administered at a dose of 400 mg daily until progression or unacceptable toxicity, cisplatin was 
administered at dose 50 mg/m2 day 1 and 2, every 3 weeks. Twelve evaluable patients had to be enrolled into the first cohort, 
and if 0 of 12 patients had treatment response, the study was to be terminated. The results of the first stage of the trial are 
presented in this report.
Results  Twelve patients with multiple relapsed/refractory GCTs were enrolled in the phase II study from May 2019 to Sep-
tember 2021. Median number of treatment cycles was 2 (range 1–6). None of patients achieved objective response to treat-
ment, therefore the study was terminated in first stage. Median progression-free survival was 1.4 months, 95% CI (0.7–1.5 
months), and median overall survival was 2.9 months 95% CI (1.5–4.7 months). Disease stabilization for at least 3 months 
was observed in 2 (16.7%) patients. Treatment was well tolerated, however, 5 (41.7%) of patients experienced grade 3/4 
fatigue, 4 (33.3%) thrombocytopenia, 3 (25.0%) anemia, while 2 (16.7%) experienced neutropenia, nausea and infection.
Conclusions  This study failed to achieve its primary endpoint and our data suggest limited efficacy of disulfiram in restoring 
sensitivity to cisplatin in multiple relapsed/refractory GCTs.
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patients non fit enough for high-dose chemotherapy. Pri-
mary mediastinal GCTs in first relapse were eligible too. 
Patient’s disease must not be amenable to cure with either 
surgery or chemotherapy in the opinion of investigator. 
Patients must have adequate hematologic, liver, and renal 
functions. Patients with chronic alcoholism were excluded 
(For more details see www.clinicaltrials.gov, study identi-
fier: NCT03950830).

The study protocol was reviewed and approved by the 
Ethical Committee of the National Cancer Institute in 
Bratislava, Slovakia. All the patients were required to pro-
vide written informed consent before enrollment.

Pre-treatment evaluation

All the patients were comprehensively evaluated with a 
complete medical history, physical examination, and labora-
tory and disease assessment. Brain imaging and bone scans 
were performed only in symptomatic patients.

Drug administration

	● Cisplatin was administered intravenously 50 mg/m2 day 
1 and 2 every 3 weeks; disulfiram 400 mg once a daily, 
orally, continuously. No premedication or patient moni-
toring after administration of disulfiram was required. 
Patients took disulfiram after their evening meal. 
Courses was repeated every 21 days until progression 
or unacceptable toxicity. Treatment could continue at 
the discretion of investigator in case that patient benefit 
from the treatment. Standard emesis prophylaxis was 
used (e.g., dexamethasone, setron, aprepitant), before 
cisplatin. Anti-emetics were administered to subjects 
receiving disulfiram in chemo-free interval in case of 
nausea at the discretion of investigator.

Criteria to start and recycle chemotherapy

Each cycle was started if clinical status and biological data 
(granulocyte count > 1500/mm3, platelets > 100,000 mm3) 
and hemoglobin level > 9 g/dl allowed it. If chemotherapy 
couldn’t be reinitiated due to toxicity, it was delayed until 
the limiting toxicity had resolved. Otherwise, patients were 
to receive full dose therapy. No dose modification of cispla-
tin is planned. Patients requiring a delay of > 2 weeks should 
go off protocol therapy.

contribute to enhanced self-renewal, survival, and prolif-
eration of CSCs [14]. Increased ALDH1 activity has been 
found in the stem cell populations of leukemia and some 
solid tumors [14]. Previously, we showed high ALDH1A3 
expression and increased ALDH activity were detected in 
refractory germ cell tumor lines. Moreover, we showed, that 
significantly higher ALDH1A3 expression was detected in 
testicular GCTs patients’ tissue samples compared to normal 
testicular tissue [15, 16].

Disulfiram is a drug used to support the treatment of 
chronic alcoholism by producing an acute sensitivity to 
ethanol [17]. It works by inhibiting ALDH [18]. Numerous, 
in vitro and in vivo data showed activity of disulfiram in 
reversing cisplatin resistance in experimental models. In tri-
ple negative breast cancer, disulfiram treatment led to selec-
tive decrease in the ALDH-positive cell population while 
in ER-positive breast cancer cells it decreases ALDH1 
activity [18–21]. Clinical experience with disulfiram in can-
cer patients remain limited. In non-small cell lung cancer, 
ALDH inhibition with disulfiram was associated with a 
reconstitution of cisplatin sensitivity in NSCLC cancer and 
some clinical responses, however, several trials are ongoing 
[22–26].

Previously, we showed that disulfiram in combination 
with cisplatin showed synergy for NTERA-2 and NCCIT 
cisplatin resistant GCTs cell lines. Moreover, disulfiram 
inhibits growth of NTERA-2 cisplatin resistant spheroids 
as well as xenograft growth in vivo in experimental model 
system [16]. Based on aforementioned data, we suggest 
that there is strong rationale to inhibit ALDH in testicular 
germ cell tumors (TGCTs). We supposed, that it may serve 
as an antitumor agent suitable for the drug repurposing in 
combination therapy in order to inhibit ALDH activity thus 
overcoming cisplatin resistance in refractory GCTs. We 
hypothesize that inactivation of ALDH by disulfiram recover 
cisplatin sensitivity in patients with progressing or relapsing 
germ cell cancer. This study aimed to determine the efficacy 
and toxicity of ALDH inhibitor disulfiram in combination 
with cisplatin in patients with multiple relapsed/refractory 
germ cell cancer.

Methods

Patients

This study included men 18 years or older, with ECOG 
performance status 0–2, histologically confirmed extracra-
nial primary germ cell cancer, seminoma, or nonseminoma. 
Eligible patients included multiple relapsed/refractory 
GCTs e.g., at least 2 lines of previous chemotherapy and/
or patients relapsing after high-dose chemotherapy or for 
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Evaluation of response and toxicity

A physical examination was performed and vital signs were 
assessed before each treatment cycle. Laboratory param-
eters, including serum tumor markers, were evaluated prior 
to every other cycle and one month after the end of treat-
ment. Disease response assessment by CT scan was per-
formed every 2 cycles (6 weeks).

The patients who received at least one dose of disulfiram 
and cisplatin were evaluated for their response according 
to standard RECIST (Response Evaluation Criteria in Solid 
Tumors) Criteria version 1.1 [27].

Primary endpoint of this study is overall response rate 
(ORR). The treatment was terminated in cases of disease 
progression, which was defined as significant marker pro-
gression (more than 50% increase) and/or radiological pro-
gression. Overall survival was measured from the day 1 of 
therapy. Toxicity was assessed after each cycle of therapy 
and scored using NCI-CTC Criteria (National Cancer Insti-
tute-Common Toxicity Criteria) version 4.1.

Role of sponsor

The sponsor of the study was the National Cancer Institute 
of Slovakia. The sponsor had no influence on the study 
design, treatment evaluation and/or statistical analysis of 
the study data.

Statistical considerations

Statistical and analytical plan

This is a phase II study to investigate the efficacy (as mea-
sured by ORR by RECISTs) of disulfiram and cisplatin 
in patients with multiple relapsed/refractory GCTs. The 
patients have to be not amenable for cure with either surgery 
or chemotherapy. A two-stage phase II design will be used 
for the patient accrual. Intention-to-treat analysis was used.

Study design, significance level and power

A Simon two-stage optimal design with type I error rate of 
20% and power of 80% was utilized. The null hypothesis 
was an ORR of less than 5% and the alternate hypothesis 
was ORR equal or more that 15%. Consequently, 12 sub-
jects were to be enrolled in the first stage. If no responses 
were determined in the initial stage, the study was to be 
concluded. If at least 1 patient achieved a partial or com-
plete response, then 21 more subjects were to be accrued 
in the second stage for a total sample size of 33 subjects. 
If there were two or more subjects with partial or complete 

Duration of therapy

A minimum of two cycles of the treatment were planned 
to be administered to each patient in the absence of unac-
ceptable toxicity or disease progression. Patients might 
also discontinue protocol therapy in case of intercurrent ill-
ness which would in the judgment of the investigator affect 
patient safety, inability to deliver treatment or the request 
by patient.

Table 1  Patient characteristics
N %

Patients 12 100.0
Histology
Seminoma 1 8.3
Nonseminoma 11 91.7
Primary tumor
Gonadal 9 75.0
Retroperitoneal 1 8.3
Mediastinal 2 16.7
IGCCCG risk before 1st line of therapy
Good prognosis 4 33.3
Intermediate prognosis 3 25.0
Poor prognosis 5 41.7
Number of previous lines of therapy
3rd line 2 16.7
4th line 7 58.3
>4 lines 3 25.0
Sensitivity to cisplatin
Sensitive 2 16.7
Resistant 4 33.3
Refractory 6 50.0
Sites of metastases
Retroperitoneum 6 50.0
Other lymphadenopathy 7 58.3
Brain 2 16.7
Liver 6 50.0
Lung 9 75.0
Bone 3 25.0
Visceral non-pulmonary metastases 9 75.0
Number of metastatic sites
1 1 8.3
2 5 41.7
≥3 6 50.0
ECOG
0 4 33.3
1 6 50.0
2 2 16.7
Mean (range) of pretreatment markers
AFP mIU/mL 398.4 

(0.0–28706.6)
βHCG IU/mL 2.4 (0.0–44397.3)
LDH (µkat/L) 10.4 (1.9–20941.0)

1082



Investigational New Drugs (2022) 40:1080–1086

1 3

Results

Patient characteristics

Twelve patients with multiple relapsed/refractory GCTs 
were enrolled in the phase II study from May 2019 to Sep-
tember 2021. Median age was 36 years (range: 29–48 years). 
All patients were pretreated with at least 2 cisplatin-based 
therapies (median 4, range 2–7); 6 tumors (50.0%) were 
absolutely refractory to cisplatin and 9 patients (75.0%) had 
visceral non-pulmonary metastases (Table 1). Two patients 
(16.7%) were pretreated with high-dose chemotherapy with 

response, the treatment regimen would be considered wor-
thy of further investigation.

Statistical analysis

The study population was summarized using the mean or 
median (range) for continuous variables and the frequency 
(percentage) for categorical variables. The median follow-
up period was calculated as the median observation time 
among all the patients. The progression-free survival (PFS) 
was calculated from the date of starting the treatment with 
disulfiram and cisplatin to the date of progression or death 
or to the date of the last follow-up. The overall survival 
(OS) was calculated from the date of starting the treat-
ment with disulfiram and cisplatin to the date of death or 
last follow-up. The PFS and OS were estimated using the 
Kaplan–Meier product-limit method. Statistical analyses 
were performed using NCSS 10 (2015) software (Hintze J, 
2015, Kaysville, Utah, USA).

Table 2  Study results
Variable N %
Objective response
Complete remission 0 0.0
Partial remission 0 0.0
Disease stabilization 2 16.7
Progression 10 83.3
Type of response
Favorable response 0 0.0
Unfavorable response 12 100.0

Figure 1A: Kaplan-Meier 
estimate of progression-free sur-
vival (median PFS = 1.4 months 
95% CI: 0.7–1.5 months)
Figure 1B: Kaplan-Meier 
estimate of overall survival 
(median OS = 2.9 months 
95%CI: 1.5–4.7months)
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Discussion

In this phase II study disulfiram was not able to reverse 
cisplatin sensitivity in patients with multiple relapsed/
refractory GCTs. Outcome of the patients was consistent 
with previous data in refractory GCTs. Moreover, we were 
not able to identify even a subgroup of patients that could 
potentially benefit from the treatment. In vitro data suggest 
efficacy of disulfiram and cisplatin in embryonic GCTs cells 
lines [16]. In our trial, one patient had pure embryonal carci-
noma (EC) and 5 patients had EC component within mixed 
GCTs, however, nor response was observed in any of these 
patients.

Outcome of multiple relapsed/refractory GCTs remains 
extremely poor [6]. Numerous strategies are utilized to 
overcome cisplatin resistance in GCTs, however, current 
results including this trial remains unsatisfactory [6, 8–10, 
28–30]. A meta-analysis of several phase II trials that ana-
lyzed the effectivity of targeted agents used in monotherapy 
in refractory GCTs revealed median PFS and OS were only 
1.0 month and 4.7 months, respectively, observation consis-
tent with the results of the present trial [7].

Despite promising in vitro data, disulfiram failed to 
reverse cisplatin resistance in clinical setting. One of the 
explanations could be insufficient dose of disulfiram. In 
our trial we used 400  mg daily, based on suggested dose 
for treatment of chronic alcoholism [17]. In phase I and II 
trials in cancer patients, evaluated dose of disulfiram vary 
from 40 mg to 2000 mg daily [22–26]. Therefore, we can-
not exclude that higher dose of disulfiram could be more 
efficacious. Moreover, in our trial we didn´t evaluated per-
centage of inhibition of ALDH in peripheral lymphocytes. 
Another explanation of study failure could be absence 
treatment target. Measurement of ALDH expression in 
tumor tissue could probably answer this question, however, 
according to our prior evaluation in 216 patients, more that 
70% of GCTs express ALDH, with the highest frequency 
of the ALDH1A3 expression was found in teratomas 
(77.8%), with decreasing trend in germ cell carcinoma in 
situ (GCNIS) (74.6%), embryonal carcinomas (71.0%), in 
choriocarcinomas (63.6%), yolk sac tumors (46.7%) and, at 
least, in seminomas (42.0%) [16]. Therefore, we don´t sup-
pose, that absence of treatment target could be responsible 
for patient’s outcome. Copper is mineral, that act synergis-
tically with disulfiram in ALDH inhibition [21, 31]. Cur-
rently several trials aimed to evaluate disulfiram in cancer 
treatment utilized copper as adjunctive therapy. Therefore, 
we can´t exclude that copper could increase the efficacy 
of evaluated therapy. Moreover, another possibility is that 
mechanism of cisplatin resistance in GCTs is more complex 
and single inhibition of ALDH is not sufficient in clinical 
setting to overcome this resistance. Clinical experience 

autologous stem cell support. Six of 12 patients (50.0%) 
showed absolute platinum refractoriness, and 9 (75.0%) 
of patients had non-pulmonary visceral metastases. The 
median time from the diagnosis of metastatic disease to the 
start of study treatment was 18.9 months (range, 11.0–286.0 
months).

Treatment outcome

None of patients achieved objective response to treatment, 
therefore the study was terminated in first stage. Disease 
stabilization for at least 3 months was observed in 2 (16.7%) 
patients (Table  2). Median number of administered treat-
ment cycles was 2 (range: 1–6).

According to the statistical design, 12 patients were 
enrolled in the first cohort, and if fewer than 1 patient expe-
rienced ORR, the study was to be terminated. Given that 
none of the first 12 patients achieved partial or complete 
remission, the study was terminated in first stage.

During a median follow-up period of 3.1 months (range: 
1.3–13.9 months), all (100%) patients experienced disease 
progression and died. Median progression-free survival was 
1.4 months, 95% CI (0.7–1.5 months), and median overall 
survival was 2.9 months 95% CI (1.5–4.7 months) (Fig. 1).

Adverse events

Treatment was well tolerated, however, 5 (41.7%) of 
patients experienced grade 3/4 fatigue, 4 (33.3%) thrombo-
cytopenia, 3 (25.0%) anemia, while 2 (16.7%) experienced 
neutropenia, nausea and infection. Other grade 3/4 adverse 
events included syncope, tumor related pain, constipation, 
dyspnea, mineral disbalances and sensory polyneuropathy 
(Table 3). At least 1 grade 3/4 adverse event experienced 10 
(83.3%) of patients.

Table 3  Main Grade 3 or 4 Adverse Events per Patient According to 
NCI-CTC (version 4.03) Classification (N = 12)
Variable N %
Fatigue 5 41.7
Thrombocytopenia 4 33.3
Anemia 3 25.0
Neutropenia 2 16.7
Nausea 2 16.7
Infection 2 16.7
Syncope 1 8.3
Tumor related pain 1 8.3
Constipation 1 8.3
Dyspnea 1 8.3
Hyponatremia 1 8.3
Hyperkalemia 1 8.3
Polyneuropathy sensory 1 8.3
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In conclusion, this study failed to achieve its primary end 
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ously awaited to overcome cisplatin resistance of refractory 
GCTs. We suggest, that evaluation of new treatments should 
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Abbreviations
AFP	� alpha-fetoprotein
ECOG	� Eastern cooperative oncology group
HCG	� human chorionic gonadotropin
IGCCCG	� International Germ Cell Cancer Collaborative 

Group
LDH	� lactate dehydrogenase
LN	� lymph nodes

Acknowledgements  We would like to acknowledge Dr. Miskovska 
V for their collaboration and Jancikova A, Krieschova A, Turnova S, 
Gombarova V and Pekova Z for providing administrative support and 
Notova D for monitoring.

Author contributions  M-M J-M and M.CH participated in the concep-
tion and design of this study. D-S and M-R participated in data valida-
tion, M-Ma, V-DA, K-K, P-L, J-O, Z-O, P-P, K-R, Z-SM, and M-CH 
acquired, analyzed and interpreted the data. M-M drafted the article, 
and all the authors reviewed it critically for its important intellectual 
content.

Funding  This work was supported by the Scientific Grant Agency of 
the Ministry of Education (Project No. VEGA 1/0349/21), grant of 
Ministry of Education (Project number MZ SR 2018/39-LFUK-13) 
and by the Slovak Research and Development Agency (Project num-
ber APVV-20-0158).

Declarations

Conflict of interest  All authors declare that they have no conflicts of 
interest.

Ethical approval  All the procedures performed in studies involving 
human participants were conducted in accordance with the ethical 
standards of the institutional and/or national research committee and 
with the 1964 Helsinki Declaration and its later amendments or com-
parable ethical standards.

Informed consent  Informed consent Informed consent was obtained 
from all individual participants included in the study.

1085

http://dx.doi.org/10.1200/JCO.1990.8.11.1777
http://dx.doi.org/10.1200/JCO.1990.8.11.1777
http://dx.doi.org/10.1200/JCO.2011.38.6391
http://dx.doi.org/10.1200/JCO.2011.38.6391
http://dx.doi.org/10.1200/JCO.2005.19.638
http://dx.doi.org/10.1038/sj.bjc.6602682
http://dx.doi.org/10.1002/cncr.21742
http://dx.doi.org/10.1002/cncr.21742
http://dx.doi.org/10.1002/cncr.26375
http://dx.doi.org/10.1002/cncr.26375
http://dx.doi.org/10.1016/j.clgc.2013.07.005
http://dx.doi.org/10.1016/j.clgc.2013.07.005
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.5058
http://dx.doi.org/10.1200/JCO.2020.38.15_suppl.5058
http://dx.doi.org/10.1007/s10637-021-01130-5
http://dx.doi.org/10.1007/s10637-021-01130-5
http://dx.doi.org/10.1016/j.stem.2007.08.014


Investigational New Drugs (2022) 40:1080–1086

1 3

McGregor KA, Werner TL, Agarwal N, Weis JR, Sharma S, Ward 
JH, Kennedy TP, Sborov DW, Shami PJ (2021) A Phase 1 dose-
escalation study of disulfiram and copper gluconate in patients 
with advanced solid tumors involving the liver using S-glutathio-
nylation as a biomarker. BMC Cancer 21(1):510. doi:https://doi.
org/10.1186/s12885-021-08242-4

24.	 Nechushtan H, Hamamreh Y, Nidal S, Gotfried M, Baron 
A, Shalev YI, Nisman B, Peretz T, Peylan-Ramu N (2015) A 
phase IIb trial assessing the addition of disulfiram to chemo-
therapy for the treatment of metastatic non-small cell lung can-
cer. Oncologist 20(4):366–367. doi:https://doi.org/10.1634/
theoncologist.2014-0424

25.	 Verma S, Stewart DJ, Maroun JA, Nair RC (1990) A randomized 
phase II study of cisplatin alone versus cisplatin plus disulfiram. 
Am J Clin Oncol 13(2):119–124

26.	 Stewart DJ, Verma S, Maroun JA (1987) Phase I study of the 
combination of disulfiram with cisplatin. Am J Clin Oncol 
10(6):517–519

27.	 Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, 
Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT, 
Christian MC, Gwyther SG (2000) New guidelines to evaluate 
the response to treatment in solid tumors. European Organization 
for Research and Treatment of Cancer, National Cancer Institute 
of the United States, National Cancer Institute of Canada. J Natl 
Cancer Inst 92(3):205–216

28.	 Mego M, Svetlovska D, Chovanec M, Reckova M, Rejlekova K, 
Obertova J, Palacka P, Sycova-Mila Z, De Giorgi U, Mardiak J 
(2019) Phase II study of avelumab in multiple relapsed/refractory 
germ cell cancer. Invest New Drugs 37(4):748–754. doi:https://
doi.org/10.1007/s10637-019-00805-4

29.	 Mego M, Svetlovska D, Miskovska V, Obertova J, Palacka P, 
Rajec J, Sycova-Mila Z, Chovanec M, Rejlekova K, Zuzak P, 
Ondrus D, Spanik S, Reckova M, Mardiak J (2016) Phase II 
study of everolimus in refractory testicular germ cell tumors. Urol 
Oncol 34(3):122e117–122e122. doi:https://doi.org/10.1016/j.
urolonc.2015.10.010

30.	 De Giorgi U, Rosti G, Aieta M, Testore F, Burattini L, Fornarini 
G, Naglieri E, Lo Re G, Zumaglini F, Marangolo M (2006) Phase 
II study of oxaliplatin and gemcitabine salvage chemotherapy 
in patients with cisplatin-refractory nonseminomatous germ 
cell tumor. Eur Urol 50 (5):1032–1038; discussion 1038–1039. 
doi:https://doi.org/10.1016/j.eururo.2006.05.011

31.	 Kannappan V, Ali M, Small B, Rajendran G, Elzhenni S, Taj 
H, Wang W, Dou QP (2021) Recent Advances in Repurposing 
Disulfiram and Disulfiram Derivatives as Copper-Dependent 
Anticancer Agents. Front Mol Biosci 8:741316. doi:https://doi.
org/10.3389/fmolb.2021.741316

32.	 Timmerman DM, Eleveld TF, Sriram S, Dorssers LCJ, Gillis 
AJM, Schmidtova S, Kalavska K, van de Werken HJG, Oing 
C, Honecker F, Mego M, Looijenga LHJ (2022) Chromosome 
3p25.3 Gain Is Associated With Cisplatin Resistance and Is 
an Independent Predictor of Poor Outcome in Male Malignant 
Germ Cell Tumors. J Clin Oncol:JCO2102809. doi:https://doi.
org/10.1200/JCO.21.02809

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

12.	 Zhao J (2016) Cancer stem cells and chemoresistance: The smart-
est survives the raid. Pharmacol Ther 160:145–158. doi:https://
doi.org/10.1016/j.pharmthera.2016.02.008

13.	 Reuben JM, Lee BN, Gao H, Cohen EN, Mego M, Giordano A, 
Wang X, Lodhi A, Krishnamurthy S, Hortobagyi GN, Cristofanilli 
M, Lucci A, Woodward WA (2011) Primary breast cancer patients 
with high risk clinicopathologic features have high percentages 
of bone marrow epithelial cells with ALDH activity and CD44(+)
CD24lo cancer stem cell phenotype. Eur J Cancer 47(10):1527–
1536. doi:https://doi.org/10.1016/j.ejca.2011.01.011

14.	 Zhou L, Sheng D, Wang D, Ma W, Deng Q, Deng L, Liu S 
(2019) Identification of cancer-type specific expression patterns 
for active aldehyde dehydrogenase (ALDH) isoforms in ALDE-
FLUOR assay. Cell Biol Toxicol 35(2):161–177. doi:https://doi.
org/10.1007/s10565-018-9444-y

15.	 Schmidtova S, Dorssers LCJ, Kalavska K, Gillis AJM, Oosterhuis 
JW, Stoop H, Miklikova S, Kozovska Z, Burikova M, Gercakova 
K, Durinikova E, Chovanec M, Mego M, Kucerova L, Looi-
jenga LHJ (2020) Napabucasin overcomes cisplatin resistance 
in ovarian germ cell tumor-derived cell line by inhibiting cancer 
stemness. Cancer Cell Int 20:364. doi:https://doi.org/10.1186/
s12935-020-01458-7

16.	 Schmidtova S, Kalavska K, Gercakova K, Cierna Z, Miklikova 
S, Smolkova B, Buocikova V, Miskovska V, Durinikova E, 
Burikova M, Chovanec M, Matuskova M, Mego M, Kucerova 
L (2019) Disulfiram Overcomes Cisplatin Resistance in Human 
Embryonal Carcinoma Cells. Cancers (Basel) 11(9). doi:https://
doi.org/10.3390/cancers11091224

17.	 Kleczkowska P, Sulejczak D, Zaremba M (2021) Advantages and 
disadvantages of disulfiram coadministered with popular addic-
tive substances. Eur J Pharmacol 904:174143. doi:https://doi.
org/10.1016/j.ejphar.2021.174143

18.	 MacDonagh L, Gallagher MF, Ffrench B, Gasch C, Breen E, 
Gray SG, Nicholson S, Leonard N, Ryan R, Young V, O’Leary JJ, 
Cuffe S, Finn SP, O’Byrne KJ, Barr MP (2017) Targeting the can-
cer stem cell marker, aldehyde dehydrogenase 1, to circumvent 
cisplatin resistance in NSCLC. Oncotarget 8(42):72544–72563. 
doi:https://doi.org/10.18632/oncotarget.19881

19.	 Kadia AR, Shah GB (2016) Cisplatin resistance reversal by disul-
firam and caffeine. J Pharmacol Pharmacother 7(3):139–141. 
doi:https://doi.org/10.4103/0976-500X.189676

20.	 O’Brien A, Barber JE, Reid S, Niknejad N, Dimitroulakos J (2012) 
Enhancement of cisplatin cytotoxicity by disulfiram involves acti-
vating transcription factor 3. Anticancer Res 32(7):2679–2688

21.	 Wang NN, Wang LH, Li Y, Fu SY, Xue X, Jia LN, Yuan XZ, 
Wang YT, Tang X, Yang JY, Wu CF (2018) Targeting ALDH2 
with disulfiram/copper reverses the resistance of cancer cells to 
microtubule inhibitors. Exp Cell Res 362(1):72–82. doi:https://
doi.org/10.1016/j.yexcr.2017.11.004

22.	 Huang J, Chaudhary R, Cohen AL, Fink K, Goldlust S, Boock-
var J, Chinnaiyan P, Wan L, Marcus S, Campian JL (2019) A 
multicenter phase II study of temozolomide plus disulfiram 
and copper for recurrent temozolomide-resistant glioblastoma. 
J Neurooncol 142(3):537–544. doi:https://doi.org/10.1007/
s11060-019-03125-y

23.	 Kelley KC, Grossman KF, Brittain-Blankenship M, Thorne KM, 
Akerley WL, Terrazas MC, Kosak KM, Boucher KM, Buys SS, 

1086

http://dx.doi.org/10.1186/s12885-021-08242-4
http://dx.doi.org/10.1186/s12885-021-08242-4
http://dx.doi.org/10.1634/theoncologist.2014-0424
http://dx.doi.org/10.1634/theoncologist.2014-0424
http://dx.doi.org/10.1007/s10637-019-00805-4
http://dx.doi.org/10.1007/s10637-019-00805-4
http://dx.doi.org/10.1016/j.urolonc.2015.10.010
http://dx.doi.org/10.1016/j.urolonc.2015.10.010
http://dx.doi.org/10.1016/j.eururo.2006.05.011
http://dx.doi.org/10.3389/fmolb.2021.741316
http://dx.doi.org/10.3389/fmolb.2021.741316
http://dx.doi.org/10.1200/JCO.21.02809
http://dx.doi.org/10.1200/JCO.21.02809
http://dx.doi.org/10.1016/j.pharmthera.2016.02.008
http://dx.doi.org/10.1016/j.pharmthera.2016.02.008
http://dx.doi.org/10.1016/j.ejca.2011.01.011
http://dx.doi.org/10.1007/s10565-018-9444-y
http://dx.doi.org/10.1007/s10565-018-9444-y
http://dx.doi.org/10.1186/s12935-020-01458-7
http://dx.doi.org/10.1186/s12935-020-01458-7
http://dx.doi.org/10.3390/cancers11091224
http://dx.doi.org/10.3390/cancers11091224
http://dx.doi.org/10.1016/j.ejphar.2021.174143
http://dx.doi.org/10.1016/j.ejphar.2021.174143
http://dx.doi.org/10.18632/oncotarget.19881
http://dx.doi.org/10.4103/0976-500X.189676
http://dx.doi.org/10.1016/j.yexcr.2017.11.004
http://dx.doi.org/10.1016/j.yexcr.2017.11.004
http://dx.doi.org/10.1007/s11060-019-03125-y
http://dx.doi.org/10.1007/s11060-019-03125-y

	﻿Phase II study of Disulfiram and Cisplatin in Refractory Germ Cell Tumors. The GCT-SK-006 phase II trial
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Patients
	﻿Pre-treatment evaluation
	﻿Drug administration
	﻿Criteria to start and recycle chemotherapy
	﻿Duration of therapy
	﻿Evaluation of response and toxicity
	﻿Role of sponsor

	﻿Statistical considerations
	﻿Statistical and analytical plan
	﻿Study design, significance level and power
	﻿Statistical analysis

	﻿Results
	﻿Patient characteristics
	﻿Treatment outcome
	﻿Adverse events

	﻿Discussion
	﻿References


