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Abstract Background: S81694 is an inhibitor of monopolar spindle 1 kinase, a target ex-

pressed in proliferating cells. CL1-81694-001 was the first-in-human study aiming at identi-

fying a safe dosing schedule in solid tumour patients.

Patients and methods: This trial was based on inter-individual dose-escalation of single agent

S81694 in cohorts of �3 patients to assess the safety and tolerability and determine dose-

limiting toxicities (DLTs), maximum tolerated dose (MTD) and recommended phase II dose

(RP2D), with S81694 given on days 1,8,15 of a 28-day cycle as 1-h infusion.

Results: 38 patients were treated at doses ranging from 4 to 135 mg/m2/week; 144 cycles were

administered (median 2/patient; range 1e32 cycles). Patients discontinued treatment for dis-

ease progression (78.9%), adverse events (AE; 18.4%) or withdrawal of consent (2.6%). Treat-

ment modifications occurred in 22 patients (57.9%; 49 cycles). Common treatment-emergent

AEs were fatigue (22 patients;57.9%), anaemia (17;44.7%) and nausea (12;31.6%).
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Haematological toxicity was mild, with Grade 3 anaemia observed in three patients and neu-

tropenia mainly seen at the 135 mg/m2 dose level. Three first cycle DLTs included G3 anaemia

(4 mg/m2 dose), G4 hypertension (20 mg/m2), G3 fatigue (135 mg/m2). MTD was not reached

due to premature discontinuation of enrolment based on a sponsor decision. Among 35 pa-

tients evaluable for response, one (renal cell carcinoma) had a complete response, one (hepa-

tocellular carcinoma) had a transient decrease of target lesions and 13 had stable disease.

Seven patients remained on study for �6 cycles, two at the 135 mg/m2 dose.

Conclusions: S81694 can be administered safely as a single agent in adults with solid tumours

on days 1,8,15 of a 28-day cycle up to a dose of 135 mg/m2/week without reaching MTD. The

RP2D was not defined due to the prioritization of the use of S81694 in combination with cyto-

toxic agents, based on emerging preclinical data.

Trial registration: EudraCT number: 2014-002023-10; ISRCTN registry ISRCTN35641359.

ª 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Monopolar spindle 1 (MPS1) kinase is a dual tyrosine/

serineethreonine kinase highly expressed in prolifer-

ating cells and a potential target for anti-cancer treat-
ments [1]. Upon activation by phosphorylation, MPS1

plays a critical role in controlling mitosis by regulating

the Spindle Assembly Checkpoint through kinetochore

recruitment of essential proteins. This complex regulates

a mechanism required for chromosome alignment,

influencing the stability of the kinetochore-microtubule

interaction and ensuring that cells do not divide until

sister chromatids align in metaphase [2e7]. MPS1 is
highly expressed in a number of tumours of different

origins (melanoma, bladder, anaplastic thyroid, breast,

lung, oesophageal, colon, pancreas, prostate cancer and

glioblastoma).

MPS1 inhibitors are preferentially active in tumours

with aneuploidy, a common feature of cancer cells:

approximately 90% of solid tumours and 70% of hae-

matological cancers are aneuploid, most having gains in
chromosomes. High aneuploidy tumours overexpress

MPS1 [3,8]. Triple-negative breast cancer is among

tumour types dependent on MPS1 activity and poten-

tially more sensitive to MPS1 inhibition than other

tumour types [9e11]. When compared to widely-used

anti-mitotic agents such as taxanes and vinca-alkaloids

[12], MPS1 inhibitors do not induce but arrest mitosis.

S81694, a pyrazoloquinazoline, is a highly potent and
selective small-molecule inhibitor of MPS1. S81694

causes mitotic checkpoint override, accelerates mitosis,

induces chromosomal misalignment, reduces mitotic

marker expression, induces apoptosis and cancer cell

death. S81694 has a long residence time on the target

and a brief treatment of 2 h is sufficient to commit cells

to death. In vivo, the compound demonstrated signifi-

cant anti-tumour activity in a number of cell lines, xe-
nografts and transgenic tumour models (colon,

mammary, melanoma, leukaemia, prostate). Significant

tumour growth inhibition of up to 95% was seen with an

intermittent schedule at well-tolerated doses.
Non-clinical safety of S81694 was characterized after

intravenous (iv.) administration in rats, dogs and mon-

keys. In 4-week toxicity studies, the major target organs

following repeated administration were the haemolym-

phopoietic system in rats and monkeys, the intestinal

tract and male reproductive organs in rats. Injection site

alterations were seen in both species. S81694 was not
genotoxic in the Ames test but induced micronuclei in

human peripheral lymphocytes in vitro. Haemolysis was

observed in vitro at high concentrations. In rabbits,

S81694 did not irritate the skin but induced ocular

irritation.

A dose-related inhibition of the IKr potassium

channel was observed in the hERG assay. A transient

increase in arterial pressure was observed in monkeys
but had no effect on heart rate, electrocardiogram or

body temperature. According to preclinical toxicity, the

safety profile was considered manageable, with target

organ toxicity in line with its mechanism of action.

Here we present the results of trial CL1-81694-001

(EudraCT 2014-002023-10; ISRCTN registry reference

ISRCTN35641359.), the first in human study of S81694,

aimed at identifying a safe dosing schedule suitable for
the development of the compound in patients with

advanced/metastatic solid tumours.

2. Material and methods

2.1. Objectives

This study was a first-in-human, open-label, non-

randomized, multi-centre, multinational, non-

comparative dose-escalation trial in cohorts of adult

patients with solid tumours who had exhausted standard

treatment options. The study was based on inter-

individual dose-escalation in cohorts of at least 3 pa-

tients each. The primary objective was to determine the
maximum tolerated dose (MTD) and dose-limiting

toxicities (DLTs) of S81694. Secondary objectives were

to describe the safety and tolerability of S81694; define

the recommended phase II dose (RP2D); determine the

http://creativecommons.org/licenses/by-nc-nd/4.0/
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pharmacokinetic (PK) profile of S81694 and its metab-

olite(s); explore the relationship between PK and

selected adverse events (AEs); explore any potential

exposure-response relationship for safety, efficacy and

pharmacodynamics (PD); detect early signs of anti-

tumour efficacy; and to identify potential predictive

biomarkers of efficacy.

The study was approved by institutional review
boards and ethics committees in participating in-

stitutions, by the competent authorities in participating

countries and performed according to local and inter-

national guidelines.

2.2. Primary and secondary end points

The primary end point was to identify DLT occurring

during the first treatment cycle, defined as 28 days. Sec-

ondary and exploratory end points included: safety and
tolerability characterized by type, frequency, severity,

intensity, timing and relationship AEs and laboratory

abnormalities; PK parameters in plasma and urine;

objective tumour response, as per Response Evaluation

Criteria in Solid Tumors (RECIST version 1.1) [13];

biomarkers associated with treatment outcome.

2.3. Patient selection criteria

Male or female patients �18 years were included after
informed consent, provided they had a confirmed diag-

nosis of an advanced or metastatic solid tumour for

which no effective standard therapy was available or

where standard therapy was considered unsuitable. At

least 4 weeks/5 half-lives elapsed after completion of

prior therapy and the first administration of S81694.

Patients with controlled central nervous system

involvement were included provided corticosteroids
and/or anticonvulsants were not required. Resolution of

toxicities due to prior treatment, an Eastern Cooperative

Oncology Group performance status of 0e1, effective

contraception and adequate organ function were

required.

Baseline laboratory values fulfilled the following re-

quirements: neutrophil count �1500/mm3, platelets

�100,000/mm3, haemoglobin �10 g/dL, creatinine �1.5
times upper limit of normal (ULN) or creatinine clear-

ance >60 ml/min, bilirubin �1.5 ULN, transaminases

�3.0 ULN (�5.0 ULN in presence of metastasis),

alkaline phosphatase �2.5 ULN (�5.0 ULN in presence

of liver metastasis), direct Coombs test negative, Cold

agglutinins negative (titer <64) and negative pregnancy

test in females.

Patients were excluded if they had a blood transfusion
�3 weeks before treatment, a history of haemolytic

anaemia, glucose-6-phosphate-dehydrogenase-deficiency,

thrombotic thrombocytopenic purpura, micro-

angiopathic haemolytic anaemia or haemolytic uremic

syndrome. Other exclusion criteria included concomitant
treatment with inducers of flavin-containing mono-

oxigenase 1 or 3, sensitive CYP3A4 substrates or

CYP3A4 and BCRP substrates with narrow index. Other

generic phase I exclusion criteria were applied.

2.4. Dose escalation strategy and cohort size

Patients were allocated to sequential cohorts of pro-

gressively increasing dose levels of S81694. Initially,

dose escalation was based on 100% dose increments
until treatment-related grade �2 toxicity was observed

during the first cycle. Afterwards, increments �50%

were adopted based on the evaluation of safety and PK.

Initially, three patients were treated at each dose

level. The first patient was observed for DLT for at least

2 weeks before entering a new participant. In absence of

DLT, the second and the third patient were enrolled

together. If a patient discontinued treatment before
completing Cycle 1 for reasons other than drug-related

AEs, the patient was replaced. If 0/3 patients experi-

enced DLT in the DLT window, the next cohort had to

be treated at one dose level higher. If 1/3 patients

experienced a DLT, up to three more were treated at the

same level and were recruited in parallel. If <2/6 expe-

rienced DLT, the next cohort could start at one dose

level higher. All patients at a given dose level had to
complete the DLT window before a new patient could

be treated with a higher dose. After completion of each

cohort, safety and PK were reviewed and dose-

escalation was decided jointly between investigators

and sponsor. If �2/3 or >2/6 patients experienced DLTs

in the DLT window MTD was reached. A new cohort

(3e6 patients) was to be treated at a lower dose level to

identify the RP2D.
The initial 8 dose levels were tested according to the

design described above. After that, a Bayesian Logistic

Regression Model (BLRM) was used to administer pa-

tients more accurate doses following a prediction MTD

[14,15].

2.5. Treatment

S81694 was supplied as glass vials containing 30 mg/vial

powder for solution for infusion formulated in mannitol
4%, polysorbate 80 0.5%, to be reconstituted in 10 ml of

water for injection for a final solution of 3 mg/ml. The

supplied solution had to be diluted to 250 ml or 375 ml

(according to the dose of S81694) with saline; the final

concentration was to range between 0.0272 mg/ml and

1.28 mg/ml.

S81694 was administered as single agent at increasing

doses, starting from 4 mg/m2 weekly, and given as a 1-
h iv. infusion (if the absolute dose was �255 mg) or

over 1 h 30 min (if dose was >255 mg and <480 mg)

either by central venous catheter or peripherally, using

an infusion pump. The duration of the infusion had the

purpose of reducing haemolytic effects observed after
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bolus administration in blood samples in animals during

toxicology. The drug was administered on days 1, 8 and

15 in a 28-day cycle. A week of rest was introduced to

allow recovery from expected myelotoxicity.

2.6. Starting dose

A starting dose of 4 mg/m2/week (12 mg/m2/cycle) was

considered safe, corresponding to the lower dose be-
tween 1 and 6 of the highest non-severely toxic dose in a

4-week toxicity study in monkey (2 mg/kg Z 24 mg/m2,

1/6 Z 4 mg/m2), the most sensitive non-rodent

species and to 1/10 of the severely toxic dose 10 in a 4-

week toxicity study in rat (8 mg/kg Z 48 mg/m2, 1/

10 Z 4.8 mg/m2).

2.7. Dose and schedule modifications

Patients were monitored for AEs. Dose modifications

during treatment were guided by protocol. Dose modi-

fications were based on the most severe, causally related

AEs observed in the previous cycle. If multiple toxicities

were observed, dose modifications were based on the

most severe event.

Doses reduced for drug-related toxicity were not re-

escalated. In case a patient experienced a DLT, it was
recommended to reduce one level down. Patients expe-

riencing DLT during the DLT window could be re-

treated as described in the protocol. Patients who could

not be re-treated because of toxicity within 36 days went

off study.

2.8. Expansion cohorts

Expansion cohorts in selected tumour type were planned
to further evaluate toxicity, PK, PD and to explore the

efficacy of the compound. Due to early termination of

the study no expansion phase occurred and planned

exploratory work was not pursued.

2.9. Concomitant treatment

Concomitant treatments were administered according to

local practice. Treatment with haematopoietic growth
factors and transfusions was at investigator’s discretion.

Bisphosphonates or denosumab were allowed. In case of

intolerance to polysorbate 80 anti-histaminics or corti-

costeroids were permitted. Strong inhibitors of Flavin-

containing monooxigenase 1 and 3, breast cancer-

resistant protein substrates with no narrow therapeutic

index and substrates metabolized by cytochrome P3 A4

were used cautiously.

2.10. Treatment discontinuation

Treatment was discontinued in case of disease progres-

sion; any medical event requiring administration of an
unauthorized concomitant treatment or jeopardizing

patient’s safety; occurrence of permanent or significant

incapacity or disability; conditions making it impossible

to comply with study protocol; and/or patient’s refusal

to continue.

2.11. Safety assessment and adverse events

AEs were graded according to NCI-CTCAE version
4.03. Patients were seen weekly during the DLT win-

dow, defined as the interval between the first adminis-

tration in cycle 1 and the day of the first dose

administration in cycle 2 which was expected to be 28

days or up to 35 days in case of delay.

2.12. Definition of dose-limiting toxicity

DLT was defined as any of the following events, for
which a relationship to treatment with S81694 could

not be excluded: Grade 4 neutropenia >7 days; febrile

neutropenia Grade �3; Grade 4 thrombocytopenia;

Grade 3 thrombocytopenia >7 days or associated

with bleeding; any �3 grade non-haematological

toxicity or inability to deliver cycle 2 on day 35 due

to persisting toxicity. Considering preclinical toxi-

cology, the following events were also defined as
DLT: haemolysis Grade �3; Grade �3 anaemia with/

without haemolysis. In case a patient did not receive

at least 66% of the intended total dose during cycle 1

this was defined as technical DLT, but the patient was

not replaced.

2.13. Response assessment

Tumour evaluation was based on computer tomography
or magnetic resonance imaging performed at baseline

and every 2 cycles starting with cycle 2, every 4 cycles

from cycle 12 onwards and at the end of the last cycle.

Efficacy was assessed according to RECIST 1.1 [13]. The

objective tumour response rate was defined as the per-

centage of patients achieving a complete (CR) or partial

response (PR). Patients discontinuing treatment for

progression prior to the first on-treatment tumour
assessment were classified as early PD.

2.14. Statistical analysis

The statistical analysis plan described a treated patients

safety set, a PK set, a set evaluable for DLT and a set

evaluable for efficacy. The analysis was descriptive and

performed by CLIOSS S.r.l (Nerviano, Milan, Italy).

2.15. Pharmacokinetic and pharmacodynamics analysis

The PK analysis quantified S81694, its N-oxide metab-

olite (M1) and other metabolites. Assessments were

performed on days 1e4, 8, 15e18 and 22 of cycle 1, and
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on days 1 and 15 of cycle 2. Urine was collected on days

1 and 15 in cycle 1.

Plasma and urine concentration data points were

used to calculate PK parameters using a non-

compartmental approach, performed by Accelera

(Nerviano, Milan, Italy). Plasma concentrations were

analysed by population approach. Potential PK/PD re-

lationships with activity, efficacy or safety were investi-
gated through an exploratory analysis. A planned PD

evaluation and molecular characterization of fresh

tumour samples were not performed as the expansion

phase of the trial was not activated.
2.16. Changes in the conduct of the study and planned

analyses

The most important changes were introduced by
Amendment 4, which revised the dose-escalation design,

changing from a 3 þ 3 design to BLRM, and Amend-

ment 5, which updated the infusion procedure, extend-

ing the infusion duration to 1 h 30 min for any

administered dose between �225 and 480 mg.

The sponsor discontinued the study before the

completion of dose escalation and the expansion part

was not implemented. This decision was related to the
discontinuation of the development of S81694 as a single

agent and the strategic decision to pursue further

development in combination with other therapies.
Table 1
Patient and tumour characteristics.

Treated patients

n %

Gender Male 20 52.6

Female 18a 47.4

Age (years) <65 28 73.7

65 - <85 10 26.3

ECOG PS 0 16 42.1

1 22 57.9

Tumour

Type

Mesothelioma 2 5.3

Cancer of head and neck 4 10.5

Cancer of the breast 2 5.3

Cancers of lung 5 13.2

Cancers of the endocrine system 2 5.3

Cancers of the gastrointestinal

tract

9 23.7

Cancers of the genitourinary

system

1 2.6

Gynecologic cancers 1 2.6

Melanoma 1 2.6

Other 8 21.1

Sarcomas of the soft tissue

and bone

3 7.9

a One female patient was enrolled but never treated due to early

deterioration of liver function.
3. Results

3.1. Patient characteristics

Thirty-nine patients were enrolled and assigned to

increasing dose levels, including one who was not

treated due to early deterioration of liver function. De-
viations from selection criteria were observed in three

patients (abnormal serum creatinine, positive cold ag-

glutinins, recent cardiac disease). The median age at

entry was 58.5 years (range 44e73), 10 patients (26.3%)

were �65 years old. Gender was balanced and the ma-

jority of patients were Caucasian (94.7%). The perfor-

mance status was 0 in 16 patients (42.1%) and 1 in 22

(57.9%). The most frequent cancer types were gastroin-
testinal tumours (23.7%), lung (13.2%), head and neck

cancer (10.5%), sarcoma (7.9%), mesothelioma, breast

cancer and endocrine malignancies (5.3% each). All but

three patients had metastatic disease. Frequent sites of

metastasis were lung (50%), liver (42.1%), lymph nodes

(36.8%) and bone (23.7%). All patients had received

prior systemic therapy, 9 (23.7%) had >5 lines of prior

therapy and 20 (52.6%) had received 3e5 lines. Twenty-
five (65.8%) had prior surgery, 14 (36.8%) radiotherapy

and 24 (63.2%) had received hormonal, immune- and/or

targeted therapies. Table 1 summarizes patient

characteristics.
3.2. Patient disposition

Thirty-eight patients were treated on 9 dose levels, with
3e7 patients/level. S81694 was administered at 4 mg/m2/

week (6 patients), 6 mg (3), 9 mg (3), 13.5 mg (3), 20 mg

(6), 30 mg (3), 45 mg (3), 67.5 mg (4) and 135 mg (7). A

total of 144 treatment cycles were administered (median

2, range 1e32 cycles/patient).

A total of 38 patients received S81694 (safety set).

The evaluable set for DLT consisted of 36 patients. All

treated patients were included in the PK set. Thirty-six
were evaluable for efficacy; one had no target lesion at

baseline and one had no on-treatment assessment.

3.3. Reasons for treatment discontinuation

Patients discontinued treatment for disease progression

in 30 cases (78.9%), AE or condition incompatible with

further administration in 7 cases (18.4%) and with-
drawal of consent in one case (2.6%). The conditions

incompatible with further administration were anaemia

G2, blood creatinine increased G2, pulmonary hae-

morrhage G3, emotional distress G3 and 2 cases of

dyspnoea G3 combined with fatigue G3. There were no

discontinuations due to DLTs.

3.4. Dose modifications and dose intensity

Treatment modifications (cycle/dosing delay, dose

reduction, drug omission, infusion interruption, slowing

of infusion) occurred in 22 patients (57.9%) in 49 cycles

(34%). The median relative dose intensity for all patients
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was 98.2% (range 33.3e109.8%). At 135 mg/m2/week the

median relative dose intensity was 77.9% (range

47.1e94.4).

3.5. Clinical safety and toxicity

Thirty patients (78.9%) had treatment-emergent AE

(TEAE) related to S81694, and the frequency ranged

from 33.3 to 100% across dose levels, without clear

relationship with dose. Most commonly (>5 patients)
affected by TEAEs were blood/lymphatic system disor-

ders (17, 44.7%), general disorders and administration

site conditions (15, 39.5%), gastrointestinal (14, 36.8%),

metabolism and nutrition (9, 23.7%) and nervous system

disorders (6, 15.8%).

The most frequent TEAEs reported in at least 15% of

patients were fatigue (22 patients, 57.9%), anaemia (17,

44.7%), nausea (12, 31.6%), decreased appetite (11,
28.9%), constipation, pain, vomiting (9, 23.7% each),

cough (8, 21.1%), diarrhoea (7, 18.4%) and dyspnoea (6,

15.8%).

No significant ECG abnormalities were detected at

baseline. During treatment, 25 patients had a maximum

increase in QTc of �30 msec, 10 had > 30e60 msec and

2 had an increase of >60 msec, the latter also experi-

encing atrial fibrillation.
No Grade 3e4 drug-related TEAEs were reported up

to dose level 13.5 mg, except for one case of Grade 3

anaemia (DLT) occurring in the first patient treated at

4 mg/m2/week.

In subsequent dose levels, the following Grade 3e4

drug-related TEAEs were reported: nausea and hyper-

tensive crisis (one case each) at 20 mg/m2/week, hypo-

phosphataemia (1) at 30 mg, gamma-
glutamyltransferase increased (1) at 45 mg, platelet

count decreased (1) at 67.5 mg, anaemia, keratitis,

mucosal inflammation (1 case each), neutropenia (4) and

fatigue (1 case, DLT) at 135 mg. These events were

Grade 3, except for the Grade 4 hypertensive crisis.

Table 2a shows the most frequently reported TEAEs in

the safety population related to S81694.

3.6. Haematological toxicity

Abnormalities in haemoglobin were observed in 25 pa-

tients (all dose levels), Grade 3 alterations were reported

in three patients only. Anaemia was seen in 17 patients

(in 14 patients considered drug-related), with Grade 3

anaemia in three cases (2 patients only with Grade 3

drug-related anemia, including one DLT). Six patients

had blood transfusions. Grade 1 haemolysis was re-

ported in three patients.
Neutropenia was negligible at dose levels up to

67.5 mg/m2/week. At 135 mg 4/7 patients experienced

Grade 3 neutropenia. Median time to nadir was 22 days

(range, 15e25) and median time to recovery was 27 days

(range, 21e46). The median neutrophil value for four
patients with Grade 3 neutropenia was 0.8 � 103/mm3

(range, 0.5e1.0). No relevant effects were observed on

platelets, except one thrombocytopenia Grade 3 at

67.5 mg/m2/week. Table 2b presents haematological

AEs.
3.7. Non-haematological blood chemistry abnormalities

Grade 3 increases in ALT/AST were reported in one

patient each, 8 had Grade 3 gamma GT increases. The

majority of patients with liver enzyme abnormalities had

liver metastases. Phosphate was abnormal in 6 patients.

A Grade 3 decrease in potassium was reported at the

dose of 135 mg/m2/week; a Grade 3 decrease in sodium
was observed in another patient (67.5 mg). No Grade 4

blood chemistry alterations were reported. Non-

haematological laboratory AEs are summarized in

Table 2c.
3.8. Dose-limiting toxicity and maximum tolerated dose

Among 36 patients evaluable for DLT, three events were

reported during the first cycle of treatment. Patient 0001

(4 mg/m2/week) experienced Grade 3 anaemia; the event

started with Grade 2 severity on cycle 1 day 1 and

worsened to Grade 3 on cycle 1 day 15, was considered

drug related and the patient came off due to PD. The

cohort was expanded to 6 patients with no additional
DLTs. Patient 0019 (20 mg/m2/week) had a Grade 4

hypertensive crisis on day 2 cycle 1, considered drug

related and leading to dose omission on days 8 and 15.

In preclinical toxicology studies, a slight increase

(10e15 mmHg) in systemic arterial pressure was

observed after treatment in laboratory animals. For this

reason, the clinical event was assessed as related, though

the pathomechanism of blood pressure increase remains
unknown. The patient went off treatment for PD; the

cohort was expanded and no additional DLTs were

seen. Patient 0036 (135 mg/m2/week) had Grade 3 fa-

tigue occurring on cycle 1 day 21, lasting one week and

was considered drug-related, leading to dose reduction

in cycle 2. When the patient withdrew consent, the

cohort was expanded and no further DLTs were

observed. The primary end point of defining the MTD
was not reached.

Overall 18 patients experienced a SAE; three events

were considered treatment-related, two occurring at the

highest dose tested. SAEs included Grade 3 pain, Grade

2 acute kidney injury, Grade 3 pulmonary haemorrhage,

Grade 1 pyrexia, Grade 2 tumour haemorrhage, Grade

3 tumour pain, Grade 3 diarrhoea, Grade 4 hypertensive

crisis, Grade 3 radiculopathy, Grade 3 infection, Grade
3 cervical vertebral fracture, Grade 3 emotional distress,

Grade 3 intestinal obstruction, Grade 5 malignant

neoplasm progression, Grade 1 accidental overdose,

Grade 5 fatal malignant neoplasm progression, Grade 3



Table 2a
Most frequently reported (>5%) treatment emergent adverse events (TEAE), related to S81694 by any CTC Grade 3-4.

CTC Grade Assigned Dose Level (mg/m2/week)

Any Dose Level

(N Z 38)

4 (N Z 6) 6 (N Z 3) 9 (N Z 3) 13.5 (N Z 3) 20 (N Z 6) 30 (N Z 3) 45 (N Z 3) 67.5 (N Z 4) 135 (N Z 7)

n % n % n % n % n % n % n % n % n % n %

Any Term Any 30 78.9 6 100.0 3 100.0 1 33.3 1 33.3 4 66.7 3 100.0 3 100.0 3 75.0 6 85.7

3e4 11 28.9 1 16.7 2 33.3 1 33.3 1 33.3 1 25.0 5 71.4

Abdominal pain Any 2 5.3 1 33.3 1 33.3

Anaemia Any 14 36.8 3 50.0 1 33.3 1 33.3 2 33.3 2 66.7 1 25.0 4 57.1

3e4 2 5.3 1 16.7 1 14.3

Decreased appetite Any 6 15.8 1 16.7 1 16.7 1 25.0 3 42.9

Diarrhoea Any 4 10.5 1 33.3 3 42.9

Dyspnoea Any 2 5.3 1 16.7 1 33.3

Fatigue Any 11 28.9 1 16.7 2 66.7 3 50.0 1 33.3 1 33.3 1 25.0 2 28.6

3e4 1 2.6 1 14.3

Gamma- GT increased Any 1 2.6 1 33.3

3e4 1 2.6 1 33.3

Haemolysis Any 3 7.9 1 16.7 2 28.6

Headache Any 3 7.9 2 33.3 1 16.7

Hypertensive crisis Any 1 2.6 1 16.7

3e4 1 2.6 1 16.7

Hypophosphatemia Any 2 5.3 1 16.7 1 33.3

3e4 1 2.6 1 33.3

Keratitis Any 1 2.6 1 14.3

3e4 1 2.6 1 14.3

Mucosal inflammation Any 1 2.6 1 14.3

3e4 1 2.6 1 14.3

Nausea Any 8 21.1 1 16.7 2 33.3 1 33.3 2 50.0 2 28.6

3e4 1 2.6 1 16.7

Neutropenia Any 5 13.2 1 16.7 4 57.1

3e4 4 10.5 4 57.1

Pain Any 2 5.3 1 16.7 1 14.3

Paraesthesia Any 2 5.3 1 16.7 1 16.7

Platelet count decreased Any 1 2.6 1 25.0

3e4 1 2.6 1 25.0

N: Number of evaluable patients.

n: Number of observed values.
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Table 2b
Haematological abnormalities: Worst CTC grade on treatment by dose level.

Parameter CTC Gradea Assigned Dose Level (mg/m2/week)

N Z 38

Any Dose Level

4 6 9 13.5 20 30 45 67.5 135

N Z 6 N Z 3 N Z 3 N Z 3 N Z 6 N Z 3 N Z 3 N Z 4 N Z 7

n n n n n n n n n N Z 38 100%

Haemoglobin Any 3 2 1 2 4 3 1 3 6 25 65.8

3 1 1 1 3 7.9

Lymphocytes Any 2 2 2 1 2 2 2 2 2 17 44.7

3 1 2 3 7.9

Neutrophils Any 1 1 1 1 4 8 21.1

3 4 4 10.5

Platelet Count Any 1 1 2 5.3

3 1 1 2.6

Leukocytes Any 1 1 1 1 5 9 23.7

3 3 3 7.9

N: Number of evaluable patients.

n: Number of observed values.
a No CTC Grade 4 and 5 were reported.

P. Schöffski et al. / European Journal of Cancer 169 (2022) 135e145142
hypokalaemia and Grade 2 vomiting, Grade 3 keratitis,
and Grade 2 diarrhoea.

3.9. Clinical activity

A total of 35 patients were evaluable for response. Pa-

tient No. 0006 with metastatic clear renal cell cancer

(4 mg/m2/week) achieved a PR from Cycle 4 to Cycle 18,

later converting to CR from Cycle 20 up to Cycle 32,
Table 2c
Blood chemistry abnormalities: Worst CTC grade emerged or worsened o

Parameter CTC Gradea Assigned Dose Level (mg/m2/week)

N Z 38

4 6 9 13.5

N Z 6 N Z 3 N Z 3 N Z 3

n n n n

ALT Any 1 2 1

3

AST Any 1 2 1

3 1

Creatinine Any 1

3

GammaGT Any 5 1 2

3 1 1

Phosphate Any 2 2 2 2

3 1 1 1

Hypokalaemia Any 2 1 1

3

Hyperkalaemia Any 2 1

3

Hyponatremia Any 2 1

3

Hypernatremia Any 1

3

N: Number of evaluable patients.

n: Number of observed values.
a No Grades 4 and 5 were reported.
with a response duration of 112.7 weeks. The patient
had received three lines of prior systemic therapy,

including sunitinib, everolimus and sorafenib. Three

patients were not evaluable for response (no on-

treatment tumour assessment 2 patients, patient not

treated and no tumour assessment on trial 1 patient).

RECIST stable disease (SD) as best response was

seen in 13 patients. The duration of the stabilization

ranged from 6.4 to 67.3 weeks with a median duration of
n treatment by dose level.

Any Dose Level

20 30 45 67.5 135

N Z 6 N Z 3 N Z 3 N Z 4 N Z 7

n n n n n N Z 38 100%

1 1 1 2 8 21.1

1 1 2.6

4 2 1 1 12 31.6

1 2.6

2 1 3 7 18.4

3 1 2 2 4 20 52.6

2 1 1 2 8 21.1

3 2 1 4 18 47.4

1 1 1 6 15.8

1 1 6 15.8

1 1 2.6

2 3 2 0 4 14 36.8

2 1 3 3 12 31.6

1 1 2.6

1 2.6



Table 3
Objective response rate and best overall response.

Patients evaluable for efficacy

N Z 36

Patients evaluable for efficacy treated

at 135 mg/m2/week N Z 7

n % 95% CI - LL 95% CI - UL n %

Objective response (CR þ PR) 1 2.8 0.07 14.53 e e

Complete response (CR) 1 2.8 e e e e
Stable disease (SD) 13 36.1 e e 4 57.1

Progressive disease (PD) 21 58.3 e e 3 42.9

Not assesseda 1 2.8 e e e e

95% CI: lower (LL) and upper (UL) 95% exact confidence limits for objective Response rate.
a Not assessed since the patients died before his first on-treatment assessment.
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24.3 weeks (95%CI: 12.3e67.3). Patient 0038 with he-
patocellular carcinoma had a decrease in target lesions,

but progressed soon after that in a non-target site. The

patient had received three lines of prior systemic therapy

and was treated at 135 mg/m2/week. Most patients had

PD as best response. Seven patients remained on study

for �6 cycles, including two on 135 mg/m2/week. The

median progression-free survival in the evaluable pop-

ulation was 8.1 weeks (95% CI 7.3e12.3). Table 3
summarizes the response assessment.

3.10. Pharmacokinetics

Plasma concentrations of S81694 showed a poly-

exponential decline with overall average half-life of

about 100 h. Plasma clearance was low and the volume

of distribution was high, suggesting tissue distribution.

Day 1 and 15 on systemic exposure to S81694 increased

proportionally with dose and the accumulation ratios
were in agreement with the administration schedule and

half-life of the compound. The N-oxide NMS-03593478

metabolite was not quantifiable or present at very low

levels in plasma. Renal clearance of S81694 and NMS-

03593478 was low. Exposure seen at higher dose levels

corresponded with drug concentrations in experimental

animals that did respond to S81694 during preclinical

testing.

3.11. Biomarker analysis

Archival biopsies from tumour material were obtained

from 25 patients, but the biomarker analysis was not

performed.

4. Discussion

MPS1 kinase is a dual tyrosine/serineethreonine kinase

highly expressed in proliferating cells, playing a critical

role in the control of mitosis, being involved in proper

chromosome alignment, stabilizing the kinetochore-
microtubule interaction and ensuring that cells do not

divide until sister chromatids correctly align to the

metaphase plate. MPS1 is highly expressed in a number

of important human malignancies. Aneuploidy is a
common feature of many of these cancers, and MPS1
inhibitors have been described to be more active in such

tumours. Published data suggest that triple-negative

breast cancer is among the tumour types more depen-

dent on MPS1 activity and thus potentially more sen-

sitive to specific inhibitors. Inhibition of MPS1 results

in induction rather than arrest of mitosis, which dif-

ferentiates such compounds from established spindle

poisons such as vinca alkaloids and taxanes, which
makes the development of MPS1 inhibitors a promising

concept [16].

Based on preclinical testing, S81694 is a very potent

and selective small-molecule inhibitor of MPS1 kinase

activity, causing mitotic checkpoint override, accelera-

tion of mitosis, induction of chromosomal misalignment

and reduced mitotic marker expression. While some

MPS1 inhibitors are undergoing preclinical develop-
ment, S81694 was likely the first to enter the clinic in a

typical phase I, first-in-human, dose-escalation study.

The patients treated here represented a broad range

of malignancies and a very typical, non-selected phase I

population. S81694 was given at weekly doses ranging

from 4 to 135 mg/m2/week, and the treatment was

generally well tolerated as <20% of patients came off

study due to AEs and the incidence of SAEs was low.
DLTs were sporadic, occurred on different dose levels

and expansion of cohorts did not result in further

events. MTD was not reached, as the sponsor decided to

terminate single-agent dose finding in this trial based on

emerging translational evidence.

Dose escalation until 135 mg/m2/week allowed to

perform a detailed analysis of human PK. Plasma con-

centrations showed a poly-exponential decline with
overall average half-life of about 100 h. Plasma clear-

ance was low and the volume of distribution was high.

The systemic exposure to S81694 increased proportion-

ally with dose. The exposure at higher dose levels cor-

responded with active doses during preclinical testing.

Among patients evaluable for response, a durable CR

of a renal cell carcinoma and a reduction of target le-

sions in hepatocellular carcinoma (RECIST 1.1-SD)
were observed, 13 patients had SD and 7 remained on

active treatment for 6 cycles, with up to 32 cycles given

in individual patients. The 8.1-week median
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progression-free survival in this trial was similar to the

outcome of other traditional solid tumour dose finding

trials.

The sponsor decided to focus on further develop-

ment of S81694 in combination with paclitaxel in pa-

tients with breast cancer. The combination of S81694

with paclitaxel was found to be synergistic in TNBC

cell lines (MDAMB231, MDAMB468 and HCC70
in vitro) and increased the efficacy of each single agent.

This finding was validated in vivo in xenograft models

established from cell lines and patient-derived biopsies

(MDAMB231, MAXF1384 models; unpublished data).

In mice xenografted with patient-derived TNBC, re-

sidual tumours after neo-adjuvant therapy showed

positive results for the combination with docetaxel

compared to their respective agents. The combination
of S81694 with paclitaxel in MDA-MB-231-luciferase

orthotopically implanted TNBC induced nearly com-

plete inhibition of luciferase signal intensity assessed by

in vivo imaging and was associated with significant

survival improvement compared to paclitaxel alone

(p < 0.001). In TNBC PDX models, the combination of

paclitaxel with S81694 induced complete regression.

This strategic decision also had a negative impact on
planned exploratory analyses, e.g. the tissue-based

biomarker work and PK/PD analyses that were plan-

ned. Safety results and PK from the dose-finding trial

did nevertheless provide guidance for a safe starting

dose for the consecutive combination trial in breast

cancer. As starting dose for S81694 in combination

with 80 mg/m2 paclitaxel, a dose of 13.5 mg/m2 was

chosen. A randomized phase I/II study
(NCT03411161) with the combination was launched in

the 1st line setting of metastatic TNBC but was then

discontinued due to a lack of significant clinical ac-

tivity. The phase II part was never initiated, as the

treatment landscape for TNBC changed with the reg-

ulatory approval of anti-PD(L)1 immune checkpoint

inhibitors in combination with chemotherapy in this

setting. At present, S81694 still remains under clinical
development.

4.1. Overall conclusions

To the best of our knowledge, we report one of the very

first clinical trials with an MPS1 inhibitor in patients

with solid tumours. S81694 was found to be safe and

tolerable when given weekly iv. for 3 weeks every 4

weeks. The safety profile was consistent of haemato-

logical toxicity, general disorders and gastrointestinal

symptoms, and effects on the haemolymphopoietic sys-

tem as observed in animals were transient and clinically
manageable. Plasma clearance was low and the volume

of distribution was high. Early signs of clinical activity

were seen, and the drug was tolerated well for a

considerable period of time in individual patients. Dose
escalation was safe up to 135 mg/m2/week without

reaching MTD. S81694 is a promising novel compound

with a favourable safety and pharmacological profile

and requires further clinical testing in selected malig-

nancies, alone or in combination with other anti-cancer

agents.
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