
Abstract. Background/Aim: Satraplatin is an oral platinum
analog with proven clinical efficacy and a more favorable
toxicity profile, although with increased hematotoxicity, when
compared to cisplatin. Hence, we carried out a systematic
biomarker analysis to identify hematological malignancies with
high susceptibility to satraplatin. Materials and Methods: Half-
maximal inhibitory concentrations (IC50) for satraplatin and
cisplatin were determined for 66 different cancer cell lines by
CTG Luminescent Cell Viability Assay. In a second step, whole
transcriptome RNA sequencing and whole-exome DNA
sequencing technology followed by unbiased analysis of gene
expression, gene mutation and copy number levels were
performed and correlated with drug efficacy. Results:
Satraplatin was significantly more active against hematological
malignancies compared to solid organ cancer. In addition,
satraplatin showed a significantly more potent antiproliferative
activity compared to cisplatin in most lymphoma cell lines
achieving sub micromolar IC50 values. Single BCL2 apoptosis
regulator (BCL2) gene mutation and 9p21 copy-number
deletions including S-methyl-5’-thioadenosine phosphorylase
(MTAP) deficiency were identified as key characteristics for
high sensitivity to satraplatin. Conclusion: Satraplatin
demonstrated a high cytotoxic activity in genetically well-
defined hematological malignancies which is distinct from that
of cisplatin. MTAP deficiency was identified as biomarker of
enhanced satraplatin efficacy in hematological cancer-derived
cell lines. These data in combination with the lipophilicity of
satraplatin provide the rationale for targeting specific lymphatic

entities such as primary central nervous system lymphoma and
cutaneous T-cell lymphoma to improve clinical outcome.

Cisplatin, carboplatin and oxaliplatin are platinum-based drugs
that are used throughout the world for cancer treatment (1). All
three are intravenously administered and primarily hydrophilic,
with similar or even overlapping side-effects including
nephrotoxicity, ototoxicity, neurotoxicity, cardiotoxicity,
hematological toxicity, hepatotoxicity, and gastrointestinal
toxicity. Platinum toxicity is usually the main reason for dose
adaptations or even treatment suspension. This is particularly
true for cisplatin, with the two most common nephrotoxic side-
effects being acute kidney injury and hypomagnesemia, which
is reported to affect up to 90% of cisplatin-treated patients (2).
Neurotoxicity and ototoxicity (60-90% of all patients) are the
second and third most common platinum toxicities experienced
with oxaliplatin, primarily causing neurotoxicity, and cisplatin
causing ototoxicity.

In order to develop better tolerated platinum compounds
with less toxicity, platinum(IV) complexes featuring an
octahedral geometry with two additional ligand sites were
developed. They follow a classical prodrug concept since it is
essential for their anticancer activity that they are reduced to
the corresponding platinum(II) analogs in the tumor cell,
leading to apoptosis (3). Satraplatin (bis-acetato-ammine-
dichloro-cyclohexylamine-platinum) is a prime example of a
novel platinum(IV) compound and was developed as the first
oral fourth-generation platinum compound with activity in
platinum-sensitive and even some platinum-resistant preclinical
models (4). Over the past two decades, satraplatin was studied
extensively in different in-vitro and in-vivo solid tumor models
(5) and demonstrated consistently high activity (6).

Clinical development was performed in a variety of cancer
entities, including prostate cancer, with encouraging results,
although prostate cancer was traditionally considered a
platinum-resistant disease. Phase I/II monotherapy trials of
satraplatin in patients with hormone-refractory prostate cancer
demonstrated an objective response rate of up to 31% (7). On
the basis of these positive data, a large phase III registration
trial (SPARC) was initiated evaluating satraplatin as second-
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line therapy in combination with prednisone versus prednisone
and placebo for hormone-refractory prostate cancer in patients
whose disease progressed after one line of chemotherapy. The
trial met its primary endpoint and showed a 33% reduction in
risk of progression or death (progression-free survival; hazard
ratio=0.67; p<0.001), a 36% reduction in the risk of pain
progression, prostate-specific antigen responses (decline of at
least 50%) in 25% versus 12% (p=0.001) and an objective
response rate by Response Evaluation Criteria for Solid
Tumors of 8% versus 0.7% (p<0.002). Unfortunately, no
statistically significant benefit in median overall survival (14.3
vs. 14.3 months; hazard ratio=0.98; p=0.80) was noted and the
clinical development stopped (8). As a consequence, satraplatin
is not approved for cancer treatment.

In agreement with data from previous clinical trials, the
SPARC trial confirmed that satraplatin-related toxicity was
generally mild, including moderate nausea, fatigue, anorexia,
diarrhea, and altered taste. In particular, there was no
nephrotoxicity, hair loss nor added neurotoxicity noted, which
renders this drug unique within this class of drugs. In an early
phase II study (CA142-008), satraplatin and cisplatin were
directly compared as monotherapy in frontline treatment of
patients with non-small cell lung cancer (9). In terms of
tolerability, more pronounced hematotoxicity was documented
for satraplatin. For example, grade 3 or more leukopenia was
found in 29% (satraplatin) versus 11% (cisplatin) of patients,
indicative of targeted activity of satraplatin against hematopoietic
cells. Following the discovery of this activity profile, we
hypothesized that satraplatin has particular activity against
hematological malignancies. To gain a better understanding of
the signaling pathways relevant to satraplatin activity, we
performed a biomarker analysis on 66 tumor cell lines, with a
special focus on lymphoma entities. 

Materials and Methods

Cell lines and reagents. The cell lines listed in Table I were studied.
All cell lines were cultured in appropriate media supplemented with
10-15% fetal bovine serum (ExCell Bio, Shanghai, PR China) at a
temperature of 37˚C, with 5% CO2 and 95% humidity. Cell viability
was measured using the CTG Luminescent Cell Viability Assay
(Promega, Madison, WI, USA) by standard procedures as described
below. Satraplatin was purchased from MedChemExpress
(Shanghai, PR China) and cisplatin from Qilu Pharm (Jinan,
Shandong, PR China). Stock solutions of both drugs at 1 mM were
established for storage at –20˚C as previously described (5).

Determination of the half-maximal inhibitory concentration (IC50).
Cells were harvested during the logarithmic growth period and cell
numbers counted using Count-star (Inno-Alliance Biotech, Cupertino,
CA, USA). Cell density was adjusted to 4.44×104 cells/ml with the
respective culture medium. Then, 90 μl of cell suspensions were added
in triplicate to each well of a 96-well plate with a final cell density of
4×103 cells/well. After 24 h, 10 μl serial solutions of either cisplatin
or satraplatin were transferred to each well in triplicate to achieve final

drug concentrations per well of 100 μM, 31.6 μM, 10 μM, 3.16 μM,
1.0 μM, 316 nM, 100 nM, 31.6 nM and 10 nM, respectively. The test
plate was incubated for 72 h in a humidified incubator at 37˚C with
5% CO2, and then evaluated using CTG cell viability assay (Promega).
For that purpose, the plate was equilibrated at room temperature for
approximately 30 min. Then, 50 μl CTG reagent was added to each
well. The content was mixed for 5 min on an orbital shaker to induce
cell lysis and the plate incubated at room temperature for 20 min to
stabilize the luminescent signal. Luminescence was recorded using
EnVision Multi Label Reader (Perkin Elmer, Richmond, CA, USA).

Data analysis. The data were analyzed and visualized using
GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, USA)
and Think-Cell 11 (Think-Cell Software, Berlin, Germany). In order
to calculate absolute IC50, a dose–response curve was fitted using
a non-linear regression model with a sigmoidal dose response. The
formula for calculating the cell survival rate was: Cell survival (%)
at Cx=(Cx – M)/(N – M)×100%, Cx being the luminescence signal
of cells cultured with any concentration of the test compound, M
being the luminescence signal of the blank control (with no cells)
and N being the vehicle control with culture medium containing
0.25% (v/v) dimethyl sulfoxide. The absolute IC50 was calculated
according to the dose–response curve generated by GraphPad Prism
5.0. Raw cell viability data were then used and standard four-
parameter monotonic log-logistic dose–response curves fitted using
R package dr4pl (10). To investigate drug efficacy in the 66 cell
lines tested, we computed several metrics from the dose–response
curves and used the values for the area under the curve (AUC) as a
representation of drug efficacy. Efficacy among cell lines from
different tissue origin was compared by analysis of variance, with
p-values >0.05 representing no significant difference in sensitivity
to the drug across test indications.

Whole-transcriptome sequencing (RNAseq). Total RNA extraction for
baseline cell line samples was proceeded according to Qiagen
Cat#74106 protocol (Qiagen, Hilden, Germany). The integrity of the
total RNA was determined by a 2100 Bioanalyser (Agilent, Santa Clara,
CA, USA) and quantified using NanoDrop (Thermo Fisher Scientific,
Waltham, MA, USA). Only high-quality RNA samples (OD260/280=1.8-
2.2, OD260/230≥2.0, RNA integrity number ≥7, total RNA >500 ng) was
used to construct the sequencing library. PolyA mRNA was purified
from total RNA using oligo-dT-attached magnetic beads and then
fragmented by fragmentation buffer. Taking these short fragments as
templates, first-stranded cDNA was synthesized using reverse
transcriptase and random primers, followed by second-stranded cDNA
synthesis by standard measures. The synthesized cDNA was subjected
to end-repair, phosphorylation and ‘A’ base addition according to a
library construction protocol (TruSeq RNA Sample Preparation v2
Guide; https://support.illumina.com/content/dam/illumina-support/
documents/documentation/chemistry_documentation/samplepreps_truse
q/truseqrna/truseq-rna-sample-prep-v2-guide-15026495-f.pdf). Then,
sequencing adapters were added to both sites of the cDNA fragments.
After polymerase chain reaction amplification for cDNA fragments, the
targets of 250-350 bp were cleaned. After library construction, Qubit
2.0 fluorometer dsDNA HS Assay (Thermo Fisher Scientific) was used
to quantify the concentration of the resulting sequencing libraries, while
the size distribution was analyzed using an Agilent BioAnalyzer 2100.
After library validation, Illumina cBOT cluster generation system with
HiSeq PE Cluster Kits (Illumina, San Diego, CA, USA) was used to
generate clusters. Paired-end sequencing was performed using Illumina
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NovaSeq 6000 platform following Illumina-provided protocols for
2×150 paired-end sequencing.

Gene-expression analysis. The quality of RNAseq fastq raw reads
was checked by FastQC software (Babraham Bioinformatics,
https://www.bioinformatics.babraham.ac.uk/projects/fastqc/). The
adapter and low-quality sequences were trimmed by Trimmomatic
software (11). The reads were mapped to reference genes
(ENSEMBL GRCh37.66) by Bowtie (12) software, and gene
expression was calculated by MMSEQ (13) software. The final
expression values are log2-transformed fragments per kilobase of
exon model per million mapped fragment values. For each cohort
of tested cell lines, we started with gene expression matrix on
49,442 annotated genes for the studied cell lines with expression
data available. Expression of 49,442 genes was correlated with AUC
values across 66 cell lines to identify positively correlated genes
and negatively correlated genes to drug sensitivity. Spearman
correlation coefficient <–0.55 and p<0.05 were used as cutoffs for
genes correlated with enhanced sensitivity whereas Spearman

correlation coefficient >0.55 and p<0.05 were used as cutoffs for
genes correlated with resistance.

Whole-exome sequencing (WES). Genomic DNA extraction from
baseline cell line samples for WES was performed on KingFisher
Flex (Thermo Fisher Scientific) with MagMAX™ DNA Multi-
Sample Ultra 2.0 Kit (ABI, Waltham, MA, USA). Genomic DNA
was quantified by Nanodrop™ 2000 spectrophotometer (Thermo
Fisher Scientific). Only high-quality DNA (concentration >100
ng/μl, OD260/280≥1.8-2.2, OD260/230≥2) was used for library
construction. Library construction was performed following the
protocol of SureSelect XT HS2 DNA Reagent Kit (Agilent). In
brief, fragmentation was first performed by ME220 Focused-
ultrasonicator (Covaris, Woburn, MA, USA) after DNA quality
control, followed by end-repair, dA-tailing and ligation. The ligation
product was then purified using AMPure XP beads (Beckman
Coulter, Indianapolis, IN, USA), the purified adaptor-ligated library
was amplified, followed by another step of purification using
AMPure XP beads (Beckman Coulter). Finally, the purified WES
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Table I. Name and origin of cell lines analyzed listed by disease entity.

No.                  Cell line name                                    Tissue origin                                 No.                Cell line name                           Tissue origin

1                          HCC1428                                        Breast cancer                                 34                    NCI-H1666                              Lung cancer
2                          HCC1937                                        Breast cancer                                 35                    NCI-H1975                              Lung cancer
3                             MCF7                                           Breast cancer                                 36                      NCI-H23                                Lung cancer
4                             CA46                                       Burkitt lymphoma                             37                    NCI-H3122                              Lung cancer
5                          MC/CAR                                    Burkitt lymphoma                             38                     NCI-H358                               Lung cancer
6                           P3HR-1                                     Burkitt lymphoma                             39                         PC-9                                   Lung cancer
7                              Raji                                         Burkitt lymphoma                             40                      SK-LU-1                                Lung cancer
8                            Ramos                                      Burkitt lymphoma                             41                 GRANTA-519                   Mantle-cell lymphoma
9                            ST486                                       Burkitt lymphoma                             42                        Z-138                          Mantle-cell lymphoma
10                           Daudi                                       Burkitt lymphoma                             43                       JeKo-1                         Mantle-cell lymphoma
11                     NAMALWA                      Burkitt lymphoma, EBV-related                 44                       AMO-1                            Multiple myeloma
12              NAMALWA CSN/70               Burkitt lymphoma, EBV-related                 45                          EJM                              Multiple myeloma
13                         HuT 78                                CTCL, Sézary lymphoma                       46                      KMS-11                           Multiple myeloma
14                          HBL-1                                    DLBCL NOS (ABC)                           47                        L-363                             Multiple myeloma
15                        OCI-LY3                                  DLBCL NOS (ABC)                           48                         LP-1                              Multiple myeloma
16                          U-2932                                   DLBCL NOS (ABC)                           49                       MM.1R                            Multiple myeloma
17                        DOHH-2                                  DLBCL NOS (GCB)                           50                       MM.1S                            Multiple myeloma
18                    KARPAS-422                              DLBCL NOS (GCB)                           51                       MOLP8                            Multiple myeloma
19                       OCI-LY-19                                 DLBCL NOS (GCB)                           52                     NCI-H929                          Multiple myeloma
20                        OCI-LY7                                  DLBCL NOS (GCB)                           53                        OPM2                             Multiple myeloma
21                       SU-DHL-4                                 DLBCL NOS (GCB)                           54                    RPMI 8226                         Multiple myeloma
22                       SU-DHL-5                                 DLBCL NOS (GCB)                           55                      U266B1                           Multiple myeloma
23                       SU-DHL-6                                 DLBCL NOS (GCB)                           56                     IGR-OV1                           Ovary carcinoma
24                       SU-DHL-8                                 DLBCL NOS (GCB)                           57                     OVCAR-3                           Ovary carcinoma
25                        A3/KAW                                  DLBCL NOS (GCB)                           58                     OVCAR-8                           Ovary carcinoma
26                          Pfeiffer                                    DLBCL NOS (GCB)                           59                        22Rv1                                Prostate cancer
27                          Toledo                                    DLBCL NOS (GCB)                           60                       DU 145                              Prostate cancer
28                    WSU-DLCL2                              DLBCL NOS (GCB)                           61              LNCaP clone FGC                     Prostate cancer
29                      WSU-NHL                                DLBCL NOS (GCB)                           62                         PC-3                                 Prostate cancer
30                             TT                          Head and neck cancer/thyroid cancer              63                         L-82                                  PTCL, ALCL
31                           A549                                            Lung cancer                                  64                  KARPAS-299                     PTCL, ALK+ ALCL
32                         HCC827                                          Lung cancer                                  65                    SU-DHL-1                       PTCL, ALK+ ALCL
33                      NCI-H1650                                       Lung cancer                                  66                    SK-LMS-1                          Vulvar carcinoma

ABC: Activated B-cell; ALCL: anaplastic large-cell lymphoma; ALK: anaplastic lymphoma kinase; CTCL: cutaneous T-cell lymphoma; DLBCL:
diffuse large B-cell lymphoma; EBV: Epstein Barr virus. GCB: germinal center B-cell; NOS: not otherwise specified; PTCL: peripheral T-cell
lymphoma.



libraries were analyzed by 2×150 paired-end sequencing [NovaSeq
6000 S2 Reagent Kit (Illumina)] on NovaSeq 6000 (Illumina)
according to the manufacturer’s protocol.

Gene-mutation analysis. The quality of WES fastq raw data was
checked by FastQC software. The adapter and low-quality sequences
were trimmed by Trimmomatic software (11). The reads were aligned
to the hg19 genome by BWA software (14), and the variants were
called by GATK software (15) and annotated by VEP software (16).
The driver status of mutations was predicted following the method of
the CancerGenomeInterpreter database (17). Wilcoxon signed-rank
test and Benjamini and Hochberg adjusted p-values were calculated
between mutation status and efficacy endpoint (AUC values). The
calculation for the difference in AUC between cell lines with mutated
and those with wild-type gene was as follows: AUC difference=mean
AUC for cell lines with somatic point mutation – mean AUC for cell
lines with no somatic point mutation. AUC difference >0 indicates that
a gene mutation is enriched in resistant cell lines (with high AUC)
whereas an AUC difference <0 indicates that a gene mutation is
enriched in sensitive cell lines (with low AUC).

Analysis of copy-number variation. Aligned sequences from WES
data were used to estimate gene copy numbers by CopyWriteR R
package (18). Genes with copy-number values >3 were defined as
a copy number-amplified while copy-number values <1 were
defined as a copy number-deleted. Wilcoxon signed-rank test and
Benjamini and Hochberg-adjusted p-values were calculated between
amplification/deletion status and efficacy endpoints (AUC values)
as described above. 

Results
Satraplatin has high cytotoxicity against lymphoid
malignancies. The cytotoxic profile of satraplatin was tested
in a standard cell-based assay of 66 cancer cell lines (Table
I) as described above. To investigate and compare drug
efficacy, AUC values were used. By analysis of variance, we
found significant differences in AUC values across all cancer
types (Figure 1) for satraplatin. Satraplatin was significantly
more active against hematological malignancies compared to
solid organ cancers (p<0.0001). Therefore, the cohort was
split into groups with solid organ cancer (n=22) and
hematological malignancies (n=44) and only the latter was
used for further analysis.

Satraplatin was significantly more active against
hematological malignancies than standard cisplatin (p=0.009)
(Figure 2), with IC50 values at low to sub-micromolar levels.
When grouped by histology, satraplatin revealed high
activity in diffuse large B-cell lymphoma (DLBCL), T-cell
lymphoma, mantle-cell lymphoma (MCL), multiple
myeloma and Burkitt lymphoma cell lines. In addition,
statistical significances were calculated for some cell lines
of special interest, and it was shown that especially for the
cell line OCI-LY3, satraplatin was significantly more active
than cisplatin, with a p-value of 0.0006. Similar results were
obtained for other DLBCL cell lines such as SU-DHHL-5
(p=0.003) and SU-DHL-6 (p=0.007).

Identification of genes overexpressed leading to enhanced
satraplatin sensitivity. Using gene-expression analysis, seven
genes were identified that positively correlated with
enhanced sensitivity to satraplatin with a Spearman
correlation coefficient <-0.55 and p<0.05 as cutoff (Figure
3). The gene conferring the highest level of sensitivity was
TUB like protein 3 (TULP3) followed by poly(A)-specific
ribonuclease subunit PAN3 (PAN3), PHD finger protein 2
(PHF2), kelch domain containing 1 (KLHDC1) and WRN
RecQ like helicase (WRN), respectively. Other overexpressed
genes known to be associated with platinum sensitivity, such
as BRCA2 DNA repair-associated (BRCA2), were identified
for both platinum compounds, supporting the validity of the
analysis. In total, 31 overexpressed genes leading to
satraplatin resistance were identified, with S-methyl-5’-
thioadenosine phosphorylase (MTAP) achieving the highest
Spearman correlation (Figure 3).

Single gene mutations leading to enhanced sensitivity to
satraplatin. On the single gene level, 19 genes were identified
which either mediated enhanced (12 genes) or reduced (seven
genes) satraplatin cytotoxic when mutated (Figure 4). B-cell
lymphoma 2 (BCL2) apoptosis regulator was the single most
significantly mutated gene linked to enhanced satraplatin
cytotoxicity. Of importance, BCL2 gene mutation was not
identified as a marker for cisplatin activity and seems to be a
unique hallmark for sensitivity to satraplatin. Additional gene
mutations conferring satraplatin sensitivity were e.g., amine
oxidase copper containing 1 (AOC1), BOC cell adhesion
associated, oncogene regulated (BOC), DEAD-box helicase 3
X-linked (DDX3X), ethanolamine kinase 2 (ETNK2) and
ubiquitin specific peptidase 22 (USP22). Again, BRCA2 gene
mutation was identified as a marker of sensitivity to both
satraplatin and cisplatin.

Analysis of DNA copy-number deletions identifies recurrent
chromosomal abnormalities of the 9p21 locus. Finally, copy-
number analysis was performed as described and 10 genes
[chromosome 8 open reading frame 76 (C8orf76), collagen
type XIV alpha 1 chain (COL14A1), derlin 1 (DERL1),
family with sequence similarity 83 member A (FAM83A),
hyaluronan synthase 2 (HAS2), mitochondrial ribosomal
protein L13 (MRPL13), zinc fingers and homeoboxes 2
(ZHX2), NBPF member 9 (NBPF9), phosphodiesterase 4D-
interacting protein (PDE4DIP), and peptidylprolyl isomerase
A-like 4G (PPIAL4G)] were identified by DNA copy-
number amplification level as reducing satraplatin sensitivity
(Figure 5). However, when DNA copy-number deletions
were analyzed, four genes cyclin-dependent kinase inhibitor
2A (CDKN2A), CDKN2B, MTAP and DMRT-like family A1
(DMRTA1) known to be located at the 9p21 locus were
identified as acting as prominent biomarkers for enhanced
satraplatin sensitivity (Figure 5). Since we had identified
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MTAP overexpression as marker of satraplatin resistance, we
performed an in-depth analysis linking MTAP deficiency to
satraplatin activity (Figure 6). Plotting the IC50 values for
satraplatin against MTAP status as defined by Marjon et al.
(19), a significantly higher efficacy of satraplatin in MTAP-
deficient cell lines was demonstrated (p<0.0001). 

Discussion

We completed a systematic analysis of satraplatin activity in
common hematological malignancies and identified DLBCL
and its respective cell lines to be very sensitive to satraplatin,
with IC50 values at low micromolar or even sub-molar doses.
Satraplatin is not only significantly superior in killing

DLBCL cell lines such as OCI-LY7 when compared to
cisplatin, but in addition, and more importantly, satraplatin
very efficiently killed the cell line OCI-LY3. The OCI-LY3
cell line is of special interest since it has a stable mutational
pattern (20), including mutations of MYD88 innate immune
signal transduction adaptor (MYD88), Pim-1 proto-oncogene,
serine/threonine kinase (PIM1), CD79b molecule (CD79B),
caspase recruitment domain family member 11 (CARD11)
and PR/SET domain 1 (PRDM1). These mutations resemble
the genetic landscape of the so-called cluster 5 DLBCL as
recently described by Chapuy and colleagues (21). Cluster 5
DLBCL gene alterations include frequent BCL2 gains,
concordant MYD88L265P/CD79B mutations, and additional
mutations of ETS variant transcription factor 6 (ETV6),
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Figure 1. Cytotoxic activity of satraplatin against tumor cell lines of different origin as determined by the area under the dose–response curve
(AUC). The median AUC value across all tested cell lines was 2.35. Tumor entities are indicated on the x-axis. Sensitivity of cells of hematopoietic
and lymphoid malignancies was significantly higher compared with those from cancer of solid organs (analysis of variance, p=2.3×10–8). 



PIM1, glyoxylate and hydroxypyruvate reductase (GRHPR),
TBL1X receptor 1 (TBL1XR1) and PRDM1. These mutations
are typical for patients with DLBCL with extranodal
lymphoma involvement such as primary central nervous
system lymphoma (PCNSL) and testicular lymphoma. As
described in their pivotal publication, lymphoma tissue from
eight out of nine patients with PCNSL fulfilled the C5
cluster criteria (Fisher’s exact test, p<0.001) and this laid the
basis for the acceptance of the C5 genetic signature
resembling PCNSL. Recently, the linkage between the C5
DLBCL cluster and PCNSL was confirmed by mutational
profiling of DLBCL samples from an additional 48 patients

with PCNSL at the MD Anderson Cancer Center (22).
Therefore, and based on the mutational pattern, OCI-LY3 is
suggested to be the most accepted PCNSL-like human
DLBCL cell line, and highly suitable for predicting and
comparing the efficacy of investigational compounds such as
satraplatin for PCNSL treatment. 

A similar DLBCL classification system based on genetic
features was developed by Wright and colleagues (23). They
published a probabilistic classification of patient samples of
DLBCL and used the data of Chapuy et al. as a validation
cohort. Again, this classification revealed genetic similarities
between the different DLBCL subtypes. It is noteworthy that
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Figure 2. Comparison of cytotoxicity to using satraplatin and cisplatin. The difference in half-maximal inhibitory concentration (IC50) values
(cisplatin minus satraplatin; μM) was plotted for each cell line. The origin of each cell line is given in Table I. Enhanced killing of hematopoietic
and lymphoid cancer cell lines was noted for satraplatin. 



the MCD cohort, i.e., those with co-occurrence of
MYD88L265P and CD79B mutations, as characterized by them
shows major similarities with the C5 cohort as defined by
Chapuy and colleagues regarding the mutational pattern. MCD
DLBCL is known to spread secondarily to extranodal sites in
30% of all cases, with the central nervous system being the
most common site. As for the C5 DLBCL cluster, MCD
DLBCL is best represented by the OCI-LY3 cell line (23). In
view of the data presented herein, satraplatin should be
particularly useful in the treatment of DLBCL with primary
extranodal lymphoma presentation, for example with lymphoma

of the central nervous system, vitreo-retina, testis, or breast. The
lipophilic characteristics of satraplatin enables the drug to access
the cerebrospinal fluid at sufficient dose levels (24). In addition,
its oral availability, with a favorable side-effect profile such as
lack of neuro- and ototoxicity, provide the rationale for further
investigation of satraplatin in extranodal lymphomas with a
special focus on PCNSL as outlined.

In a second step, we carried out a more comprehensive
molecular biomarker analysis to better understand the
possible linkage between genetic characteristics of different
lymphoma entities and sensitivity to satraplatin. With the
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Figure 3. Volcano plot of analysis of correlation between the expression of specific genes and the area under the satraplatin dose–response curve
(AUC) for hematopoietic and lymphoid cancer cell lines. Genes conferring enhanced satraplatin sensitivity are depicted on the left [e.g. BRCA2
DNA repair-associated (BRCA2), kelch domain-containing 1 (KLHDC1), poly(A)-specific ribonuclease subunit PAN3 (PAN3), PHD finger protein
2 (PHF2), TUB like protein 3 (TULP3), and WRN RecQ-like helicase (WRN)], those conferring resistance on the right [e.g. ATP synthase peripheral
stalk subunit D (ATP5H), DEP domain-containing MTOR-interacting protein (DEPTOR), dual specificity phosphatase 23 (DUSP23), S-methyl-5’-
thioadenosine phosphorylase (MTAP), neurochondrin (NCDN), solute carrier family 17 member 5 (SLC17A5), SLC9A3 regulator 1 (SLC9A3R1),
tight junction protein 1 (TJP1)]. Genes achieving statistical significance are marked as black squares (sensitive) and black triangles (resistant).



multitude of possible mechanisms of actions of satraplatin, a
predictive biomarker is critical for better selecting appropriate
patients who will benefit most. To our surprise, we were
clearly able to demonstrate meaningful differences in
biomarker-defined activity between satraplatin and cisplatin
as only few genetic alterations such as BRCA2 mutations or
reduced BRCA2 expression were common to both platinum
compounds but most of the other genetic alterations identified

clearly differentiated the two. When focusing on single-gene
mutation analysis, satraplatin was found to be particular
active against cell lines that harbor BCL2, USP22 or ETNK2
mutations. Interestingly, these mutations were not related to
sensitivity to cisplatin. The linkage of high satraplatin activity
to BCL2 mutations in particular may be a potential
explanation for the more severe hematotoxicity of satraplatin
observed in previous clinical trials. Moreover, platinum
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Figure 4. Volcano plot of the area under the satraplatin dose–response curve (AUC) by gene signature at the mutation level. More and less sensitive
groups of hematopoietic and lymphoid cancer cell lines were defined by considering the difference in AUC between those with gene deletion and
those with wild-type gene. Gene deletions conferring enhanced satraplatin sensitivity are depicted on the left [adaptor-related protein complex 4
subunit epsilon 1 (AP4E1), amine oxidase copper-containing 1 (AOC1), B-cell lymphoma 2 (BCL2), BOC cell adhesion-associated oncogene-
regulated (BOC), BRCA2 DNA repair-associated (BRCA2), crystallin beta-gamma domain-containing 3 (CRYBG3), DEAD-box helicase 3 X-linked
(DDX3X), ethanolamine kinase 2 (ETNK2), FSHD region gene 1 family member B (FRG1B), IQ motif-containing N (KIAA1683), schlafen family
member 5 (SLFN5), ubiquitin-specific peptidase 22 (USP22)], and those conferring resistance on the right [EPH receptor A8 (EPHA8), leucine-
rich repeat-containing 61 (LRRC6), mitotic spindle-positioning (MISP), phospholipase D1 (PLD1), pregnancy-specific beta-1-glycoprotein 9 (PSG9),
SNF2-related CREBBP activator protein (SRCAP) and taste 1 receptor member 2 (TAS1R2)]. Genes achieving statistical significance are marked
as black squares (sensitive) and black triangles (resistant).



resistance and refractoriness have been linked to the enhanced
expression of anti-apoptotic genes, such as BCL2 in solid
organ tumor-derived cell lines (25). In that study, satraplatin
in contrast to oxaliplatin was significantly more effective and
able to reduce BCL2 expression up to 13-fold, independently
of P53 mutational status. The BCL2-inhibiting function of
satraplatin again establishes a link to hematological diseases
in which BCL2 overexpression is a key driver, and BCL2
inhibition by venetoclax has shown tremendous clinical
efficacy, e.g., for MCL, acute myeloid leukemia and chronic
lymphocytic leukemia treatment (26). 

Finally, satraplatin was more active against a wide variety
of lymphoma cell lines harboring gene copy-number
deletions in the 9p21 locus including MTAP, CDKN2A,
CDKN2B, and DMRTA1. CDKN2A/CDKN2B deletions are
frequent characteristics of different lymphoma entities such
as T-cell lymphoma/T-cell acute leukemia/cutaneous T-cell
lymphoma (CTCL), DLBCL including PCNSL, MCL, and
chronic lymphocytic leukemia. MTAP gene is adjacent to the
CDKN2A tumor-suppressor gene and is frequently co-deleted
with CDKN2A, the most commonly deleted gene in human
cancer. Deletion of MTAP occurs in approximately 15% of
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Figure 5. Volcano plot of the area under the satraplatin dose–response curve (AUC) by gene signature at the copy-number level. Again, more (left)
and less (right) sensitive groups of hematopoietic and lymphoid cancer cell lines were defined by considering the difference in AUC between those
with gene deletion and those with wild-type gene. Four genes highlighted as black squares were identified by copy-number deletion as biomarkers
for enhanced satraplatin sensitivity [cyclin-dependent kinase inhibitor 2A (CDKN2A), cyclin-dependent kinase inhibitor 2B (CDKN2B), S-methyl-
5’-thioadenosine phosphorylase (MTAP) and DMRT-like family A1 (DMRTA1)]. 



all cancer cases and has been reported to be linked to more
aggressive tumors associated with shorter survival when
compared to wild-type MTAP (27). MTAP deletion increases
cellular concentrations of its substrate MTA and, by
competing with S-adenosyl-L-methionine, MTA binds to and
partially inhibits protein arginine methyltransferase 5
(PRMT5). Due to its essential role in the spliceosome
machinery, normal PRMT5 function is particularly important

for the hematopoietic compartment to maintain homologous
recombination and DNA repair (28). As demonstrated in
PRMT5 knockout mice, complete inhibition leads to severe,
lethal pancytopenia (29). It was recently shown that
pharmacological inhibition of PRMT5 in MCL cell lines
restarted a pro-apoptotic program and created a synergism
with the BCL2 inhibitor venetoclax (30). As described
above, satraplatin has high activity in MTAP-deleted
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Figure 6. Satraplatin cytotoxicity as half-maximal inhibitory concentration (IC50) for the hematopoietic and lymphoid cancer cell lines examined
and by S-methyl-5’-thioadenosine phosphorylase (MTAP) status. Cell lines are listed according to their sensitivity to satraplatin, with the most
sensitive one listed at the top. MTAP status: Grey: wild-type; black: deficient; white: status undefined/unknown.



hematopoietic cell lines, most likely because it causes severe
DNA-damaging lesions in the context of a homologous
recombination-deficiency (functional PRMT inhibition). In
addition, a key point might be the simultaneously observed
unique BCL2 inhibition which specifically elicits superior
satraplatin cytotoxicity compared to cisplatin. 

Satraplatin is ideally suited to exploiting vulnerability in
p16/CDKN2A- and MTAP-deficient hematologicaI
malignancies and in tumors of solid organs. We postulate that
satraplatin is the preferred platinum agent for the treatment of
tumors harboring the indicated gene mutations, those with
reduced gene expression and, in particular, in 9p21
deleted/methylated tumors. Within the lymphoma entities,
satraplatin is of particular interest for the treatment of PCNSL
and CTCL. For PCNSL, del9p21 with/without BCL2
mutations are present in nearly 80% of cases (31). For CTCL,
deletion of CDKN2A/CDKN2B has been described as a
hallmark in most subtypes such as mycosis fungoides and
Sezary syndrome. This deletion is a continuum that occurs
more frequently with disease progression and is associated
with more aggressive clinical behavior (32). There is an
increasing loss of CDKN2A/B copy numbers and, thus, MTAP
deletion in localized forms of mycosis fungoides when
progressing towards systemic Sezary syndrome. Again, the
high efficacy of satraplatin, with low-micromolar IC50, in the
representative CTCL cell line HUT78 supports this notion.
One can also assume that in this disease – as in PCNSL – the
lipophilic characteristic of satraplatin is well suited and high
treatment efficacy is to be anticipated. Following these data,
clinical trials in both entities are in preparation.
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