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Abstract

Objectives: In Graves' disease (GD), autoantibodies to the thyroid stimulating hor-

mone receptor (TSHR) cause hyperthyroidism. The condition is often associated with

eye signs including proptosis, oedema, and diplopia (collectively termed Graves'

orbitopathy [GO]). The safety profile of K1‐70TM (a human monoclonal TSHR spe-

cific autoantibody, which blocks ligand binding and stimulation of the receptor) in

patients with GD was evaluated in a phase I clinical trial.

Patients and Study Design: Eighteen GD patients stable on antithyroid drug medi-

cation received a single intramuscular (IM) or intravenous (IV) dose of K1‐70TM during

an open label phase I ascending dose, safety, tolerability, pharmacokinetic and phar-

macodynamic (PD) study. Immunogenic effects of K1‐70TM were also determined.

Results: K1‐70TM was well‐tolerated in all subjects at all doses and no significant

immunogenic response was observed. There were no deaths or serious adverse

events. Increased systemic exposure to K1‐70TM was observed following a change

to IV dosing, indicating this was the correct dosage route. Expected PD effects

occurred after a single IM dose of 25mg or single IV dose of 50mg or 150mg with

fT3, fT4, and TSH levels progressing into hypothyroid ranges. There were also

clinically significant improvements in symptoms of both GD (reduced tremor, im-

proved sleep, improved mental focus, reduced toilet urgency) and GO (reduced

exophthalmos measurements, reduced photosensitivity).

Conclusions: K1‐70TM was safe, well tolerated and produced the expected PD ef-

fects with no immunogenic responses. It shows considerable promise as a new drug

to block the actions of thyroid stimulators on the TSHR.
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1 | INTRODUCTION

Graves' disease (GD) is a common autoimmune condition char-

acterised by the presence of autoantibodies to the thyroid stimulat-

ing hormone receptor (TSHR) which mimic the actions of TSH and

cause hyperthyroidism.1,2 Current therapies for GD usually target the

ability of the thyroid to produce thyroid hormones and include an-

tithyroid drugs (ATD) and destruction of the thyroid using radioiodine

or surgical thyroidectomy.
3 However, they often have variable and

unsatisfactory outcomes,3 highly dependent on the treatment mod-

ality used.4 In a study of 549 GD patients, 21% were still positive for

TSHR autoantibodies (TRAb) after 5 years of continuous therapy

with ATD.5

Standard treatment for moderate to severe Graves' orbitopathy

(GO) includes systemic steroids and/or surgical interventions as

appropriate, but is often unsatisfactory.6,7

New therapies for GD and GO are emerging and one of these uses

the human monoclonal TSHR autoantibody K1‐70TM to block TSHR

activation.8 Others include drugs such as rituximab,9 tocilizumab10 and

teprotumumab11 and immunotherapy with TSHR peptides.12

K1‐70™ binds specifically to the TSHR with high affinity

(4 × 1010mol/L)8 and prevents receptor binding by TSH and by patient

TRAb thus blocking the stimulating actions of these ligands. This effect

has been demonstrated in vivo13 and in preclinical studies14 where

K1‐70™ was effective in loweringT3 and T4 levels and increasingTSH.

Results from these preclinical studies14 provided the basis for the

design of the first in man phase I clinical trial we now describe.

2 | MATERIALS AND METHODS

2.1 | Study drug

Recombinant human K1‐70TM immunoglobulin G (IgG) drug was

produced in CHO cells under current good manufacturing practice

and formulated at 10mg/ml in 25mmol/L sodium citrate; 75mmol/L

sodium chloride; 50mmol/L glycine; 0.02% (wt/vol) polysorbate 80;

pH 6.0 and designated for both intramuscular (IM) and intravenous

(IV) administration. Stability studies support a shelf‐life of vialed

K1‐70TM of 60 months at 2–8°C.

2.2 | Study objectives

An open label study in which each subject received a single dose of

K1‐70™ (IM or IV) was carried out. The dose was increased for each

study group of 3 subjects (cohorts 1–6). Subjects diagnosed with GD

were selected for the study as the risk associated with healthy sub-

jects becoming hypothyroid was deemed unacceptable.

The primary objective was to determine the safety and toler-

ability of IM and IV administration of K1‐70TM in subjects with GD.

The secondary objectives were to determine the pharmacokinetic

(PK) and the pharmacodynamic (PD) effects and to evaluate the

immunogenic potential of K1‐70TM. Exploratory objectives were to

investigate the correlation between baseline TRAb levels and change

in PD markers and to evaluate any effect of K1‐70TM on GO.

2.3 | Statistical analyses

Summary statistics for continuous variables consisted of the number

of nonmissing observations, means, standard deviations (SDs), mini-

mum, median and maximum values for observed baseline and chan-

ges from baseline at each timepoint. The correlation between

baseline TRAb levels and change from baseline in each of the thyroid

function parameters was assessed across all cohorts by visit using a

Spearman's rank order correlation. The correlation coefficient (rs) was

reported. The correlation between any changes from baseline TSH

and change from baseline in both fT3 and fT4 was also assessed

across all cohorts by visit using a Spearman's rank order correlation

with rs reported in all cases.

Medical history and treatment emergent adverse events (TEAEs)

were coded to system organ class and preferred term, using the

Medical Dictionary for Regulatory Activities (MedDRA) version 19.0.

Prior and concomitant medications were coded using theWorld Health

Organization Drug Dictionary (WHO Drug) version March 2016.

2.4 | Study design and recruitment

The study was carried out at two clinical sites in the United Kingdom

in compliance with the Declaration of Helsinki15 and the International

Conference on Harmonisation.16 It was registered with clinicaltrials.

gov17 and approved by the appropriate Research Ethical Committees

and the UK regulatory authorities. All participating subjects were fully

apprised of the study drug, study objectives, design and potential

risks and were required to give their written informed consent.

Male or female subjects with GD between 18 and 75 years of

age were eligible for the study. Pregnant subjects were excluded.

Patients taking antithyroid medication at a stable dose for at least 6

weeks who were clinically and biochemically euthyroid or hy-

perthyroid at screening and Day −2 (or Day −1) or not treated with

anti‐thyroid medications due to intolerable side effects for at least 6

weeks and who were clinically and biochemically hyperthyroid at

screening and Day −2 (or Day −1) were eligible. Subjects with GO

with a clinical activity score (CAS) greater than 3/7 and with evidence

of optic neuropathy and/or corneal breakdown at screening were

excluded in view of the risk (albeit unlikely) of K1‐70™ causing un-

expected deterioration of GO.

The study was designed and approved for 6 cohorts of 3 subjects

each with an additional 3 subjects per cohort if required i.e. for a

minimum of 18 and up to a maximum of 36 subjects. The provision

for additional subjects was included in the protocol so that it could be

adapted in case serious adverse events (SAEs) or other safety con-

cerns occurred. However, the trial was completed successfully with

18 subjects as there were no SAEs or safety concerns.
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A starting dose of 0.2mg IM K1‐70TM was calculated from in vivo

pharmacology data13 according to the US Food and Drug Adminis-

tration (FDA) guidance.18 K1‐70TM was administered to three subjects

in each cohort using a sentinel approach and in the absence of SAEs

the dose was escalated for the next cohort following review of the

available safety, tolerability, PK, antidrug antibody (ADA) and PD data.

Subjects were followed up postdosing as summarised in Figure 1. A

full range of safety and tolerability assessment at entry and throughout

the follow‐up including injection site assessment, vital signs, physical

examination, electrocardiography, clinical laboratory evaluations (serum

biochemistry, haematology, coagulation, urinalysis, serology, hormone

panels) pregnancy tests and eye examination were carried out.

Full eye examinations (including CAS) were performed by a re-

gistered optometrist (or suitably qualified member of the ophthal-

mology team) at screening and on Days 14, 42, 70, and 100.

Abbreviated eye examinations were performed by the Study Physi-

cian on Days 1, 3, 7, 14, 21, 28, 42, 56, 70, and 100. Eye examina-

tions were carried out in accordance with European Group on Graves'

Orbitopathy Guidelines for the management of Graves' Orbitopathy

(EUGOGO) recommendations.
6

All observations, results of examinations and safety tests, PD

markers, PK and ADA results, concomitant medications and adverse

events (AEs) were recorded using an electronic case report form.

Serum concentrations of K1‐70TM were measured by Labcorp

using a PK enzyme‐linked immunoassay (ELISA) from RSR Ltd.19

Any specific antibodies to K1‐70™ IgG produced in response to

administration of K1‐70™ drug were detected using an ADA assay

specially developed by Labcorp using a Meso Scale Discovery plat-

form. ADA values were classified as negative or positive after a two‐

stage screen for negative/positive results. The confirmatory cut point

was 19.3% in keeping with recently updated FDA guidance.20

Thyroid function tests were performed by the Doctors Labora-

tory Ltd. and TRAb were measured by Dr Schottdorf Laboratory

(Augsburg, Germany) using the Roche Elecsys® Anti‐TSHR platform

(cut off for positivity 1.5 U/L).

2.5 | Study subjects and dosing regimen

A total of 47 subjects with GD were screened, of whom 20 were

eligible for the study. Two withdrew before dosing and the

remaining eighteen were enrolled and dosed with K1‐70TM.

K1‐70TM was administered by IM injection to 12 subjects; cohort

1 (0.2 mg/dose), cohort 2 (1 mg/dose), cohort 3 (5 mg/dose) and

cohort 4 (25 mg/dose). Six subjects received K1‐70™ by IV infu-

sion; cohorts 5 (50 mg/dose) and 6 (150 mg/dose). There were

3 subjects in each cohort. All eighteen subjects completed a

100‐day follow‐up.

The dosing regimen was amended during the study due to in-

sufficient systemic exposure in earlier cohorts and the route of K1‐

70TM administration changed to IV with the conservative K1‐70TM

systemic exposure limit of 0.031mg/ml replaced with either a Cmax

of 0.850mg/ml or an AUC of 83100 μg·h/ml.

Demographic data for patients in the study is shown in Table 1.

The baseline CAS of participants was between 0 and 1/7, with

baseline exopthalmometry measurements ranging from 13 to 24mm.

Ranges of baseline thyroid function parameters are shown in

Table 1.

At predose 6/18 patients were negative for TRAb (<1.5 IU/L) and

9/18 patients were positive.

3 | RESULTS

3.1 | Safety and tolerability

K1‐70TM was safe and well‐tolerated at all doses and by all patients in

the study. A total of 86 TEAEs were reported by the 18 subjects

(Table 2), of which 22 (25.6%) were considered as possibly related to

study treatment. No TEAE was determined as directly related to

the study drug K1‐70TM. TEAEs were mild or moderate and there

were no serious TEAEs, no TEAEs that led to discontinuation, dose

F IGURE 1 Time course and patient visit schedule
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reduction, or dose interruption and no TEAEs with fatal outcome

were observed.

There were 11 TEAEs in cohort 1, 8 in cohort 2, 10 in cohort 3,

10 in cohort 4, 32 in cohort 5 and 15 in cohort 6. The high number of

TEAEs in cohort 5 was largely due to a relatively high number of AEs

(19) being reported by a single subject (501). However AEs experi-

enced by subject 501 were classified as mild or moderate in nature

only with all but one resolved by the end of the study. Furthermore,

no AE reported by subject 501 was considered directly related to the

study drug with only 8 of their AEs being classified as possibly related

to the study drug. Overall, there was no indication of a relationship

between the dose of K1‐70TM administered and the number of

TEAEs experienced by study subjects over the course of the trial.

The most common treatment‐related TEAEs by preferred term

were fatigue (in 6/18 subjects), lethargy (3/18), and diarrhoea (5/18).

All other treatment‐related TEAEs were single reports. No SAEs were

experienced by the subjects and no trial stopping criteria were met.

3.2 | Pharmacokinetics and immunogenicity

Fifteen subjects (83.3%) had ADA negative results throughout the

study. Positive results for low levels of ADA were observed in two

subjects administered 0.2 mg K1‐70TM IM and one subject adminis-

tered 1.0 mg K1‐70TM IM. However, 2/3 of these subjects tested

positive for ADA before the administration of K1‐70TM and no ADA

response was observed for any of the other 15 patients (including

cohorts receiving much higher doses of K1‐70TM).

Serum K1‐70TM levels following administration of K1‐70TM are

shown in Figure 2. In cohort 1 (0.2 mg K1‐70™ IM), serum con-

centrations of K1‐70TM were below the lower limit of quantitation of

10 ng/ml at most timepoints.

Median K1‐70TM half‐life was seen to increase with increasing

doses of K1‐70TM (Figure 2): from 262.0 h (approximately 11 days)

after 1.0 mg IM to 447.0 h (approximately 19 days) after 25.0 mg IM.

The median half‐life after 150mg IV was 522.0 h (21.8 days) and

467.0 h (19.5 days) after 50mg IV. Median time of the maximum

observed serum concentration (Tmax) after the end of the 50 and

150mg IV infusions was 2.5 and 1.6 h, respectively, and much sooner

than that following IM administration (Figure 2).

3.3 | Pharmacodynamic effects on GD and GO

Little or no PD effect was observed at lower doses of K1‐70TM

(0.2–5mg IM) while a marked PD effect was observed in subjects

administered higher doses (25mg IM, 50mg IV, and 150mg IV) with

a decrease in fT3 and fT4 levels and an increase in TSH levels. For

both routes the PD effect was most evident on study Day 28 when

11/18 (61%) patients were in a hypothyroid state (Figure 3 and

Table 3A). For higher dose cohorts 4–6, 9/9 subjects (100%) pro-

gressed from either the euthyroid state at dosing (3/9 subjects) or the

hyperthyroid state at dosing (6/9 subjects) to the hypothyroid state

on or before Day 28 postdose. TRAb and TSH levels pre‐dose and at

Day 28 are shown in Table 3B.

The PD effect of K1‐70TM was also noted from patient and

clinician reported symptom improvements (Table 3C) and this was

unexpected for a phase I safety study. For example, with subject 501

(50mg of K1‐70TM IV) exophthalmos improved on Days 14 to 14mm

in the right eye from 19mm at screening and to 16mm in the left eye

from 19mm at screening. Shortly after (24 h onwards) K1‐70TM IV

infusion she reported improvement in conjunctival redness and gaze‐

evoked pain, clearer vision, decreased photosensitivity (no longer

needed to use sunglasses indoors) and resolution of her “gritty eyes”

sensation. Her CAS improved slightly from 1/7 (both eyes) to 0/7

(both eyes) by Day 3 postdosing. She also reported improved toilet

urgency, improved mental focus and an improvement in general

aches and pains. The improvements lasted through the follow‐up,

beyond the end of the 100‐day study period and enabled the patient

to undergo eye lid surgery. She commented that she felt like “a new

woman” and had applied for a job. For subject 502 (50mg of K1‐

70TM IV) exophthalmos in the right eye decreased from 23mm at

TABLE 1 Demographic characteristics of the study population
(n = 18) at screening

Variable Value

Age (years), mean ± SD 45.9 ± 13.5

BMI (kg/m2), mean ± SD 26.1 ± 4.1

Female sex, n (%) 13 (72%)

Presence of eye disease, n (%) 8 (44%)

TSH (mIU/L), median (min–max), ref:
0.27–4.20

0.40 (0.01–3.79)

fT4 (pmol/L), median (min–max), ref:
12.0–22.0

16.65 (11.50–43.30)

fT3 (pmol/L), median (min–max), ref:
3.10–6.80

5.25 (3.60–16.50)

TRAb (IU/L), median (min–max), positive ≥1.5 3.78 (0.30–19.40)

Patients taking ATD

Carbimazole, n (%) 15 (83%)

Propylthiouracil, n (%) 2 (11%)

Block and replace, n (%) 1 (6%)

Clinical status

Euthyroid with ATD, n (%) 12 (67%)

Hyperthyroid, n (%) 6 (33%)

Note: At dosing all patients were on antithyroid drug (ATD) treatment. A

total of 12/18 patients were euthyroid and 6/18 were hyperthyroid at
screening, 15 patients were on carbimazole, two on propylthiouracil and
one on “block and replacement” treatment with carbimazole and
thyroxine. A total of 6/18 had negativeTRAb at dosing and these subjects

might have been in remission.

All study subjects were required to have a body mass index of between
18.5 and 35.0 kg/m2 (revised to ˂32.0 kg/m2 as a COVID‐19 mitigation

measure).

Due to the COVID‐19 pandemic, the final subject of cohort 5 had their

Day 70 full eye examination cancelled and their Day 100/end of study
visit eye examination took place on Day 164.
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TABLE 2 Treatment emergent adverse events (TEAEs) in cohorts 1–6 following K1‐70™ administration

Cohort 1
(0.2 mg IM, n = 3)

Cohort 2
(1.0 mg IM, n = 3)

Cohort 2
(5.0 mg IM, n = 3)

Cohort 4
(25mg IM, n = 3)

Cohort 5
(50mg IV, n = 3)

Cohort 6
(150mg IV, n = 3)

Total number of TEAEs 11 8 10 10 32 15

Total with serious TEAEs 0 0 0 0 0 0

Total with TEAEs leading to
discontinuation

0 0 0 0 0 0

Total with TEAEs leading to
dose reduction

0 0 0 0 0 0

Total with TEAEs leading to

drug interruption

0 0 0 0 0 0

Total with TEAEs leading to

death

0 0 0 0 0 0

Severity of TEAEsa

Mild 10 7 8 10 20 10

Moderate 1 1 2 0 12 5

Severe 0 0 0 0 0 0

Relationship of TEAEs to study
treatmenta

Not relatedb 9 6 9 9 23 8

Relatedc 2 2 1 1 9 7

Abbreviations: IM, intramuscular; IV, intravenous; n, number of subjects.
aIf a subject experienced more than one TEAE, the subject was counted once at the most severe or most related event.
bNot related TEAEs are the total number of TEAEs classified as not related to study drug and TEAEs classified as unlikely related to study drug.
cRelated TEAEs are those TEAEs classified as possibly related to study drug (no TEAEs were classified as related to study drug).

F IGURE 2 Serum concentrations of K1‐70TM (logarithmic scale) in all cohorts following intramuscular (IM) or intravenous (IV) administration.
The grey line indicates the lower limit of quantitation value of 10 ng/ml. Vertical bars indicate the standard deviation (SD). The timepoints shown
are measured from the end of IM injection or IV infusion. Cohort 1 (0.2 mg K1‐70™ IM) . Cohort 2 (1.0 mg K1‐70™ IM) .
Cohort 3 (5.0 mg K1‐70™ IM) . Cohort 4 (25mg K1‐70™ IM) . Cohort 5 (50mg K1‐70™ IV) . Cohort 6 (150mg K1‐
70™ IV)
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screening to 17mm at the end of the study, and in the left eye from

21mm at screening to 17mm at the end of the study. Subject 502

also reported improvement in GO symptoms within 24 h of K1‐70TM

infusion with fluid bag reduction under the right eye and improved

eye focus. On Day 2 after 150mg IV of K1‐70TM, subject 603 re-

ported that her eyes felt less puffy and watery as well as an im-

provement in general aches and joint pains. Her exophthalmos

reduced from 24mm bilaterally predose to 21mm (left eye) and

20mm (right eye) on Day 42 of the study. These improvements

continued until the end of the study.

TRAb assays by Roche Elecsys® measured K1‐70™ plus en-

dogenous patient TRAb and the values increased rapidly following

administration of K1‐70™. In higher dose cohorts, TRAb levels re-

mained high throughout the study period (Tables 3A and 3B). There

were no clear changes from baseline TRAb levels in cohorts 1 and 2.

In cohort 3 mean (SD) TRAb values were 4.0 (3.3) IU/L at baseline and

25.1 (14.2) IU/L on Day 7, remained similar to 25 IU/L until Day 21

and returned to near baseline by Day 56 (8.5 [4.9] IU/L). In cohorts 4,

5, and 6 mean (SD) TRAb levels were above the measuring range of

the assay (40 IU/L) on Day 7 and remained above measuring range

until Day 42 (cohort 4), Day 70 (cohort 5) or Day 100 (cohort 6).

These results are in agreement with the serum concentrations of K1‐

70™ only which were determined by PK K1‐70™ ELISA and shown in

Figure 2.

4 | DISCUSSION

Our phase I clinical trial demonstrates K1‐70TM to be safe and well

tolerated in all subjects at all doses, thus the safety endpoint of the

study was met. The risk‐benefit ratio was favourable and is expected

to remain favourable for later phases of drug development.

No deaths, other SAEs or AEs which were significant were re-

ported. None of the reported TEAEs were deemed as directly related

to the study drug and all reported AEs were mild or moderate in

nature. In particular, there were no treatment‐related TEAEs such as

nausea, vomiting, or allergic reactions following either IM or IV K1‐

70TM administration. Hypothyroidism was the expected PD effect of

K1‐70TM and was managed by standard care (adjustment of subject

ATD dose and levothyroxine). It was not considered an AE.

The commonly reported TEAEs particularly with higher doses of

K1‐70TM were fatigue and lethargy. These TEAEs were not un-

expected as fatigue and lethargy are well‐documented symptoms of

hypothyroidism.21

Physical examinations were found to be normal during the

course of the study, no significant injection site reactions were ob-

served and there were no clinically significant abnormal laboratory

findings for any subject following the administration of K1‐70™ at

any of the visits.

Pharmacokinetic analysis following IV administration of K1‐70TM

demonstrated the expected systemic exposure (which was improved

compared to IM administration) and therefore the IV route will be

appropriate for subsequent studies. The half life of K1‐70™ given IV

was about 500 h (as expected for human IgG).22 Consequently the

drug was still detectable at the end of the study in patients receiving

50mg or 150mg IV.

No significant immune response to administered K1‐70™ was

observed in any subject in the study including those receiving IV

doses of 50mg or 150mg K1‐70TM. This apparent immune tolerance

is likely due to K1‐70™ being a fully human antibody.8

PD effects were observed after a single dose of K1‐70TM with

subjects showing progression to the hypothyroid state most promi-

nent by study Day 28 (Figure 3 and Tables 3A and 3B). PD effects

were also evident in patient reported symptom improvements for

both GD and GO. In particular, clinically significant reductions in

exophthalmos measurements (>2mm) were observed in addition to

other reported improvements (Table 3C). Many improvements re-

mained after the end of the study.

The effect of K1‐70™ on thyroid function in patients with GD

may vary depending on: (a) the levels of TRAbs; (b) the relative

F IGURE 3 Pharmacodynamic effect on fT4, fT3, and TSH
levels in study subject 602 following intravenous infusion of
150mg K1‐70™. The patient was taking 50mg propylthiouracil
(PTU) twice daily at dosing. The lower limit of normal
concentrations for fT4 (■–■) = 3.1 pmol/L, for fT3
(▲–▲) = 12 pmol/L. For TSH (•–•) the upper limit of normal
concentrations = 4.2 mIU/l. TSH, thyroid stimulating hormone
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concentrations and activities of blocking and stimulating TRAbs

present in patients' sera at the same time; (c) interaction of en-

dogenous TSH with the TSHR in the thyroid and (d) the ability of

the thyroid gland affected by autoimmune destruction or in-

flammation to respond to the stimulating activities of TSH and

TRAb.1,2,8 In our study 6/18 (33.3%) of subjects (all 18 on ATD)

TABLE 3A TSH, fT3, fT4, and TRAb levels at baseline and at
study Day 28 for cohorts 4, 5, and 6

Cohort 4 Cohort 5 Cohort 6
25.0 mg IM 50.0mg IV 150.0 mg IV
n = 3 n = 3 n = 3

TSH (mIU/L)

Baseline, mean (SD) 1.63 (1.40) 0.47 (0.79) 0.34 (0.57)

Median 2.32 0.02 0.01

Min, max 0.02, 2.55 0.01, 1.38 0.01, 1.00

Change from
baseline to

Day 28

Mean (SD) 2.70 (2.38) 14.95 (16.19) 10.65 (13.83)

Median 2.31 11.98 5.67

Min, max 0.55, 5.25 0.46, 32.42 0.01, 26.30

fT4 (pmol/L)

Baseline, mean (SD) 18.26 (3.29) 14.80 (3.05) 29.40 (13.87)

Median 17.00 13.90 31.50

Min, max 15.80, 22.00 12.30, 18.20 14.60, 42.10

Change from
baseline to
Day 28

Mean (SD) −2.57 (2.25) −3.97 (6.15) −21.60 (15.33)

Median −1.80 −3.80 −27.50

Min, max −0.80, −5.10 2.10, −10.20 −4.2, −33.10

fT3 (pmol/L)

Baseline, mean (SD) 4.83 (0.49) 4.93 (1.02) 10.30 (6.45)

Median 4.60 4.50 10.20

Min, max 4.50, 5.40 4.20, 6.10 3.90, 16.80

Change from
baseline to
Day 28

Mean (SD) −0.53 (0.40) −1.57 (1.40) −7.50 (6.38)

Median −0.30 −1.50 −8.20

Min, max −0.30, −1.00 −0.20, −3.00 −0.80, −13.50

TRAb (IU/L)

Baseline,

mean (SD)a
1.55 (1.00) 2.58 (2.54) 9.23 (8.45)

Median 1.24 1.19 9.20

Min, max 0.74, 2.66 1.03, 5.51 0.80, 17.70

Change from

baseline to
Day 28b

Mean (SD) 38.45 (1.00) 37.42 (2.54) 30.77 (8.45)

Median 38.76 38.81 30.80

TABLE 3A (Continued)

Cohort 4 Cohort 5 Cohort 6
25.0 mg IM 50.0mg IV 150.0mg IV
n = 3 n = 3 n = 3

Min, max 37.34, 39.26 34.49, 38.97 22.30, 39.20

Abbreviations: IM, intramuscular dose; IV, intravenous dose.
aAt time of dosing, 2 subjects in cohort 4, 2 subjects in cohort 5 and 1

subject in cohort 6 had undetectable endogenous TRAb levels (a further
subject in cohort 3 was also TRAb negative).
bDue to effect of K1‐70™ in the TRAb assay.

TABLE 3B TRAb and TSH levels predose and at Day 28

Predose Day 28
Subject
number

TRAb
(IU/L) TRAb status

TSH
(mIU/L)

TRAba

(IU/L)
TSHb

(mIU/L)

402 0.74 Negative 0.02 >40 0.57

602 0.80 Negative 0.01 >40 26.3

501 1.03 Negative 0.02 >40 12.0

503 1.19 Negative 0.01 >40 0.47

301 1.24 Negative 2.00 21.3 3.28

401 1.24 Negative 2.32 >40 4.63

411 2.66c Positive 2.63c >40 7.80

103 2.89 Positive 0.01 4.4 0.01

311 2.99 Positive 2.62 11.7 2.64

102 3.19 Positive 0.01 2.31 0.23

203 3.71 Positive 3.81 9.95 14.3

101 3.86 Positive 0.31 3.12 0.73

502 5.51 Positive 1.38 >40 33.8

202 6.64 Positive 0.08 4.99 48.4

302 7.69 Positive 0.01 26.9 0.01

601 9.20 Positive 0.01 >40 0.01

201 10.0 Positive 0.01 12.7 0.01

603 17.7 Positive 1.00 >40 6.67

aTRAb levels at Day 28 are elevated because of the effect K1‐70™ in the
TRAb assay.
bIn bold, TSH levels above the normal range (0.27–4.2 mIU/L).
cData from screening. Predose data unavailable.
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had undetectable predose TRAb levels, and might have been in

remission. Statistical analysis showed weak correlations between

predose endogenous TRAb levels and changes in TSH from base-

line at all study timepoints (rs range: −0.338–0.152). Moderate

correlations between predoseTRAb levels and changes in fT4 from

baseline were observed 2 h postdose (rs = 0.546), and on Day 100

(rs = 0.444). The correlation between predose TRAb levels and

changes in fT3 from baseline was moderate at Day 100 (rs =

0.470). No other trends between predose TRAb levels and PD

effects were observed.

When TSH levels at Day 28 were compared with predose TRAb

positivity or negativity, 3/6 TRAb negative and 5/12 TRAb positive

subjects had TSH values in the hypothyroid range (Table 3B). Con-

sequently in this study with a small number of patients the effect of

K1‐70 onTSH levels at Day 28 did not appear to differ betweenTRAb

negative and TRAb positive (at dosing) subjects.

Also K1‐70TM has been administered safely and effectively to a

female US patient with follicular thyroid cancer complicated by GD,

high levels of TRAb and severe GO in a single‐patient expanded

access study.23 K1‐70™ had a markedly beneficial effect on her

GO and multiple doses (ranging from 17 to 120mg IM or IV over

27 months) did not result in her having any drug related AEs or SAEs.

Furthermore she had no detectable ADA response.

Several antibody drugs have been trialled for GD/GO therapy,3

but none (except K1‐70TM) target the TSHR directly. Teprotumumab,

a fully human monoclonal insulin‐like growth factor 1 (IGF1) receptor

inhibitory antibody24 blocks signalling through the IGF1 receptor

complex thus acting as an antiinflammatory agent. In 2020, tepro-

tumumab was licensed by the US FDA for exclusive use in the

treatment of GO.25 However, relatively large doses of teprotumumab

are needed to be effective (in the region of 10 g per patient per

6 month course) and commonly reported side effects include nausea,

TABLE 3C Patient reported improvements/outcomes

Study
Subject K1‐70TM dose Reported improvements/outcomes

Maximum exophthalmos
reduction (mm)
RE (Day) LE (Day)

401 25mg IM Improved eyelid closure 1mm (Day 14) 2 mm (Day 14)

402 25mg IM Reduced photosensitivity 2mm (Day 42) 1 mm (Day 14)

Reduction in ‘gritty eyes’ sensation

Improved sleep

501 50mg IV Reduced conjunctival redness 5mm (Day 14) 6 mm (Day 70)

Reduced gaze‐evoked pain

Clearer vision

1 point CAS improvement (both eyes)a

Improvement in mental focus

Reduced photosensitivity (still ongoing at end of study)

Reduced toilet urgency

Improvement in aches & pains

Reduction in “gritty eyes” sensation

Symptoms improved enough to seek employment again

502 50mg IV Reduction in fluid under eye 8mm (Day 70) 4 mm (Day 70)

Improvement in vision focus

601 150mg IV Improvement in stool consistency No change

Improvement in appetite

Improvement in hand tremor

603 150mg IV Improvement in eye puffiness 4mm (Day 42) 4 mm (Day 70)

Reduced watering of eyes

Improvement in aches & pains (particularly joints)

Note: The maximum exophthalmos reduction is the difference (in mm) between the largest and smallest exophthalmos measurement observed during the

course of the study.

Abbreviations: IM, intramuscular dose; IV, intravenous dose; LE, left eye; RE, right eye.
aThe change in CAS score of one point was not considered clinically significant.
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diarrhoea, muscle spasms, dry skin, infusion reactions and hypogly-

caemia.26,27 Also ototoxicity leading to permanent hearing impair-

ment has been reported28–30 as has rapid progressive cognitive

decline (resolved following plasmapheresis).31

In contrast to teprotumumab and other antibody drugs for GD

and/or GO therapy,3 K1‐70TM targets the TSHR directly.2,8 Specific

high affinity binding of K1‐70TM to the receptor blocks binding by

patient TRAb thus preventing them from stimulating the receptor.8,13,14

In our study on patients stable on ATD treatment, the impact of

K1‐70TM administration on their TSH, fT4, and fT3 levels confirm the

drug acts effectively onTSHRs in patients' thyroids. Progression from

hyperthyroidism or euthyroidism (at the time of dosing) to the hy-

pothyroid state occurred in 12/18 (67%) of subjects, while in higher

dose cohorts 9/9 subjects (100%) experienced hypothyroidism irre-

spective of their thyroid status at dosing. Also the beneficial effects

of K1‐70TM on patients' eye signs supports the suggestion23 of a key

role for TRAb stimulation of orbital TSHRs in GO.

Our phase one study results are preliminary and must be ex-

tended in further clinical trials which should include GO Patient Re-

ported Outcomes using a suitable Quality of Life questionnaire such

as GO‐QoL, and Clinician Reported Outcomes for parameters such as

eyelid aperture, exophthalmos measurements, extraocular muscle

function, visual function and soft tissue changes as recently pro-

posed.32 Furthermore, future clinical trials should be designed to

explore repeat dosing of K1‐70™ in individual patients and assess-

ment of efficacy compared to current standard care. However, the

clear PK/PD relationship we observed with single doses of K1‐70TM

(25mg IM, 50mg IV, and 150mg IV), the beneficial effects on GO

and minimal AEs are promising findings. They suggest that K1‐70TM

has considerable potential as a new, safe and effective TSH receptor

specific drug.
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