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Abstract
Background: The presented phase I, �rst-in-human study evaluated the tolerance, pharmacokinetics, and preliminary e�cacy of larotinib mesylate in patients
with advanced solid tumors.

Methods: Cancer patients were assigned to receive larotinib mesylate at 50–400 mg dose levels until disease progression or intolerance. Dose-limiting
toxicities were assessed during Cycles 0 and 1. Pharmacokinetic evaluations were performed after the �rst dose and at steady-state.

Results: Twenty-�ve patients with solid tumors were enrolled in the dose-escalation study. No DLTs were observed. Acne-like rash (68.0%), diarrhea (48.0%),
paronychia (48.0%), and anemia (48.0%) were the most reported treatment-related adverse events. No clear linear pharmacokinetic characteristic could be
drawn, and obvious accumulation was observed. Two patients with non-small cell lung cancer experienced a partial response, and 15 patients had stable
disease after treatment.

Conclusion: Continuous oral administration of larotinib mesylate at 50–400 mg daily demonstrated a favorable safety pro�le, and anti-tumor activity was
observed in patients with advanced solid tumors.

Trial registration: registration no.ChiCTR-OPC-15007153, registered 28 September 2015 at http://www.chictr.org.cn

Background
The ErbB family of tyrosine kinase receptors is composed of four members—human epidermal growth factor receptor 1 (HER1, also known as EGFR), HER2,
HER3, and HER4, as well as their ligands, and these receptors participate in the Ras/Raf/mitogen-activated protein kinase (MAPK), phosphatidylinositol-3-
kinase (PI3K)/AKT, Janus kinase (JAK)/signal transducer and activator of transcription (STAT), and protein kinase C (PKC) signaling pathways[1, 2]. They play
important roles in cell growth, differentiation, migration, and apoptosis[2, 3], and dysregulation of ErbB family receptors has been observed in many types of
solid tumors. For this reason, ErbB family receptors, particularly EGFR and HER2, have been developed as targets for many anticancer drugs[4–6]. To date,
several small molecule EGFR tyrosine kinase inhibitors (TKIs) have shown clinical bene�t in clinical trials and been approved for the treatment of
malignancies, with especially dramatic improvements in the therapeutic outcomes in non-small cell lung cancer (NSCLC). The �rst-generation, reversible EGFR-
TKIs include ge�tinib and erlotinib[7–12], and the second-generation irreversible EGFR-TKIs include afatinib and dacomitinib[3, 13, 14]. The antitumor e�cacy
of these agents is severely impaired in most patients by the emergence of acquired resistance within 10–12 months. The acquired missense mutation in exon
20 of EGFR (T790M) has been identi�ed as the most common causative factor in more than half of patients[15]. The third-generation EGFR-TKI osimertinib
has been developed to overcome the acquired T790M mutation and has been approved as a �rst-line drug for treating advanced EGFR-mutated NSCLC, but
tumoral clone resistance often occurs after 6–17 months treatment[16–19].

Larotinib mesylate (Fig. 1) is a novel, potent broad-spectrum TKI with EGFR as the main target with a 50% inhibitory concentration (IC50) of 0.6 nM (data not
published). It has shown distinct mechanisms of action from other �rst-generation and second-generation EGFR inhibitors on the market in that multiple EGFR
subtypes were found to be potently inhibited in a larotinib mesylate in vitro study, including wild-type EGFR (IC50 = 0.611 nM, 3-fold and 37-fold greater
inhibitory activity than erlotinib and ge�tinib, respectively), EGFR with the L858R mutation (IC50 = 0.563 nM), EGFR with the L861Q mutation (IC50 = 0.423 nM),
and EGFR with a deletion in the exon 19. With respect to the most common resistance mechanism against �rst-generation agents, the acquired missense
mutation in exon 20 of EGFR (T790M), larotinib mesylate also exhibits moderate inhibitory activity (IC50 = 45.2 nM). In addition, larotinib mesylate also
inhibits the ErbB family receptors HER2 (IC50 = 253 nM) and HER4 (IC50 = 84 nM) as well as other kinases such as receptor-interacting serine/threonine-
protein kinase 2 (RIPK2, IC50 = 26.6 nM), interleukin-1 receptor-associated kinase 1 (IRAK1, IC50 = 167 nM), Bruton’s tyrosine kinase (BTK, IC50 = 196 nM), B-
lymphoid tyrosine kinase (BLK, IC50 = 102 nM), and more (data not published). We hypothesized that the characteristics of larotinib mesylate that facilitate
simultaneous inhibition of multiple kinases may improve the tumor inhibiting effect of the drug and decrease the emergence of resistance to larotinib
mesylate in solid tumor cells.

Animal toxicology studies of larotinib mesylate were conducted in both Sprague–Dawley rats and beagle dogs. After daily administration of larotinib
mesylate, the study results showed that the no adverse effect level (NOAEL) was 10 mg/kg in Sprague–Dawley rats and the lowest observed adverse effect
level (LOAEL) was 5 mg/kg in beagle dogs. The maximal tolerable doses (MTDs) were 20 and 25 mg/kg in Sprague–Dawley rats and beagle dogs,
respectively. Furthermore, a preclinical pharmacodynamic study conducted using tumor-bearing mice as a model showed dose-dependent antitumor results
and a tumor-inhibiting rate exceeding 60% with a larotinib mesylate dose of 18 mg/kg (data not published).

Taking the results for the toxicology, pharmacology, and drug speci�cations of larotinib mesylate into account, we calculated a recommended starting dose of
50 mg larotinib mesylate for a phase I, �rst-in-human clinical study according to body surface area measurement. Here we present this phase I, dose-
escalation trial evaluating the tolerance, pharmacokinetics, and preliminary e�cacy of larotinib mesylate at doses of 50–400 mg in patients with advanced
solid tumors.

Patients And Methods

Patients
Patients with advanced solid tumors were screened and enrolled in the study conducted at the First Hospital of Jilin University, China. The eligibility criteria
were: pathologically or cytologically con�rmed advanced solid tumor that had failed to respond to or was not suitable for standard therapeutic regimens; age
range, 18–75 years with a body mass index of 18–30 kg/m2; at least one measurable lesion per the Response Evaluation Criteria In Solid Tumors (RECIST)
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(version 1.1); at least a 3-month life expectancy, and an Eastern Cooperative Oncology Group (ECOG) performance score of 0–2; and remission of previous
treatment-related adverse events (AEs) of Grade ≤ 1 according to the National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE
version 4.0). The exclusion criteria were: treatment with any other anti-tumor therapy within 4 weeks before study entry; prior Grade ≥ 3 adverse reactions
related to an EGFR TKI; symptomatic central nervous system metastasis; clinically signi�cant arrhythmia or left ventricular ejection fraction (LVEF < 45%);
accompanying disease affecting gastrointestinal absorption; hepatitis B virus (HBV), hepatitis C virus (HCV) or human immunode�ciency virus (HIV) infection;
pregnancy or breastfeeding; and any other uncontrolled disease of the respiratory, circulatory, endocrine, or urinary systems. The study was approved by the
ethics committee of the First Hospital of Jilin University and conducted under the guidelines of the Declaration of Helsinki and the Principles of Good Clinical
Practice. Written informed consent was obtained from all patients or their legal representatives prior to their enrollment.

Study design
This was a phase I, single-center, open-label, dose-escalation study conducted at First Hospital of Jilin University, China (registration no.: ChiCTR-OPC-
15007153 registered 28 September 2015 at http://www.chictr.org.cn). Larotinib mesylate capsules were produced and supplied by Sunshine Lake Pharma Co.,
Ltd. (Guangdong Province, China) in different unit doses of 10, 50, and 150 mg. Seven dose levels were designed in the study: 50, 100, 150, 220, 300, 350, and
400 mg with administration stages labeled cycle 0, cycle 1, and subsequent treatment cycles. Patients received an oral single dose of larotinib mesylate after
fasting during a 6-day cycle 0 to evaluate the tolerance and pharmacokinetic characteristics. After cycle 0, larotinib mesylate was continuously administered
once daily for 28 days in cycle 1, and the tolerance and pharmacokinetic characteristics of multiple doses were evaluated. The patients who experienced dose-
limiting toxicities (DLTs) and disease control (complete response [CR], partial response [PR], or stable disease [SD]) at the end of cycle 1 were permitted to
participate in the subsequent 28-day treatment cycles until progressive disease (PD) or intolerance was observed.

We enrolled 3–6 patients for each dose level, with the goal of having at least 3 patients complete the cycle 0 and cycle 1 treatments. If a patient experienced a
DLT in cycle 0 or cycle 1, expansion to 6 patients was required for the current dose level. If two or more DLTs were observed in those six patients, dose
escalation would be stopped.

DLTs were observed according to the NCI CTCAE version 4.03 and de�ned as the emergence of any of the following drug-related AEs: hematological toxicity
including Grade ≥ 3 neutropenia or thrombocytopenia and other Grade ≥ 4 hematological toxicity; nonhematological toxicities including Grade ≥ 2
atrioventricular block or renal injury; Grade ≥ 2 nausea, emesis, or diarrhea for ≥ 7 days despite optimal treatment; Grade ≥ 3 nausea, emesis, diarrhea, or rash
despite supportive care; and alanine aminotransferase (ALT) or aspartate aminotransferase (AST) elevation by more than 5 times the upper limits of normal
for ≥ 7 days and other Grade ≥ 3 nonhematological toxicities.

The primary endpoints of the study were metrics of safety and tolerance, as determined by the observance of DLTs and MTDs as well as the recommended
doses and regimens for subsequent clinical trials of larotinib mesylate. The secondary endpoints included the pharmacokinetic characteristics and preliminary
antitumor activity of larotinib mesylate according to RECIST version 1.1. The exploratory endpoints were the abilities of biomarkers to predict the antitumor
effect of larotinib mesylate in patients with solid tumors.

Safety and tolerance analyses
Safety was assessed according to the NCI CTCAE version 4.03 including AEs, vital signs, and results from 12-lead echocardiogram, cardiac ultrasound,
physical examination, ophthalmic testing, and clinical laboratory tests. Dosage adjustments could be applied from cycle 2 according to the severity of the
toxicities. Drug administration would be suspended when drug-related AEs were graded at 3 or 4, and the original dose or reduction dose would be given if the
AEs returned to baseline or Grade 1 (nonhematological toxicities)/grade 2 (hematological toxicities) within 14 days.

Pharmacokinetics sampling and analysis
Blood samples (4 mL) for pharmacokinetic analyses were collected in tubes containing K2EDTA anticoagulant. The sampling time-points included before
dosing and 1, 2, 3, 4, 5, 6, 9, 12, 24, 36, 48, 72, 96 and 120 h post-dosing on cycle 0 day 1 and cycle 1 day 28; as well as 0 h (pre-dose) on cycle 1 days 8, 15,
and 22. Blood samples were centrifuged at 3,000 rpm for 10 min at 4 °C and stored at − 80 °C until liquid chromatography-mass spectrophotometry (LC-
MS/MS) analysis. Urine and fecal samples were collected only when patients were given the 150-mg and 220-mg dose levels at sampling time intervals of 0–
4, 4–8, 8–12, 12–24, 24–48, 48–72, 72–96 and 96–120 h in cycle 0.

Plasma pharmacokinetic data (larotinib and major metabolite M5) were analyzed by standard non-compartmental methods using WinNonlin version 7.0
(Certara USA, Inc.) for calculation of pharmacokinetic parameters including peak plasma concentration (Cmax), time to peak plasma concentration (Tmax), area
under the plasma concentration–time curve from time 0 to 24 h (AUC0 − 24), AUC from time 0 to the last measurable concentration timepoint before the next
dose (AUC0 − t), AUC from time 0 to in�nity (AUC0−∞), terminal elimination half-life (t1/2), clearance (CL/F), apparent volume of distribution (Vz/F) at the �rst
dose, and these parameters at steady state (Css,max, Css, min, Tss, max, AUCss, 0−24, AUCss, 0−t, AUCss, 0− ∞, CL/Fss and Vz/Fss). For urine and fecal data, the
accumulative excretion rates of larotinib and M5 were calculated.

Tumor evaluation
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Tumor evaluation was performed at screening, the end of cycle 1, and every two cycles of subsequent treatment according to RECIST version 1.1. The disease
control rate (DCR) (including CR, PR and SD), objective remission rate (ORR) (including CR and PR), and progression-free survival (PFS) were also evaluated.

Concomitant medications
Concomitant medications could be given when clinically required. No other anti-tumor therapies were permitted during the study, and drugs that can cause a
prolonged QT interval were also prohibited. Inhibitors and inducers of CYP3A4 were to be used with caution, because around 85% of larotinib mesylate was
found to be metabolized by CYP3A4 in in vitro studies (data not published).

Statistical analysis
Statistical analyses were performed using SAS software, version 9.2 (SAS Institute Inc., USA). Descriptive statistics were used to summarize continuous
variables as cases, means with standard deviations (SDs), medians, quartiles, maximums and minimums. For categorical variables, frequencies and
percentages were used. A linear mixed effects model, relating log-transformed Cmax and AUC parameters to log-transformed dose, was used to investigate
dose proportionality.

Results

Demographics and baseline data
In total, 74 patients with advanced solid tumors were screened, and 25 were enrolled in the present dose-escalation study. The numbers of enrolled patients for
the different dose levels were 3 in the 50–220 mg/d and 400 mg/d dose levels, 6 in the 300 mg/d dose level, and 4 in the 350 mg/d dose level. Among the 25
enrolled patients, the cancer diagnoses included lung cancer in 11 patients; nasopharynx, salivary, and ovarian cancers in 2 patients each; and esophagus,
liver, cervical, colon, breast, thymus, esophageal cancer with lung cancer, and bladder cancer with lung cancer in 1 patient each. The majority of patients were
male (64%), and the mean (SD) age was 53.5 (8.34) years. The demographic and disease characteristics of the enrolled cases are presented in Table 1.

Table 1
Summary of baseline demographic characteristics

Characteristic Total

Number of patients treated, n 25

Age (y), median(range) 53.0(36–70)

Gender, n (%)  

Male 16(64.0%)

Female 9(36.0%)

BMI (kg/m2), mean (SD) 23.57(3.059)

ECOG PS at screening, n (%)  

0 12(48.0%)

1 13(52.0%)

Tumor type, n(%)  

Lung 11(44.0%)

Ovarian 2(8.0%)

Nasopharynx 2(8.0%)

Salivary 2(8.0%)

Other 8(32.0%)

All prior therapies, n(%)  

Surgery 11(44.0%)

Radiotherapy 11(44.0%)

Chemotherapy 21(84.0%)

Other antineoplastic therapy 3(12.0%)

Abbreviation: ECOG PS = Eastern Cooperative Oncology Group performance status
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Treatment duration
The median (range) treatment durations were 145.0 (85–307) days, 114.0 (29–195) days, 313.0 (29–478) days, 148.0 (148–194) days, 29.0 (29–220) days,
146.0 (1–534) days, and 88.0 (87–146) days, respectively, for the 50-, 100-, 150-, 220-, 300-, 350-, and 400-mg dose levels, respectively. Two patients withdrew
from the study before the end of cycle 1; one for Grade 3 diarrhea on the �rst day of cycle 0 and another due to the occurrence of PD.

Safety and tolerability
Overall, larotinib mesylate was well-tolerated at all dose levels, with no DLTs reported. All patients experienced at least one AE, and 24 (96%) experienced at
least one drug-related AE. Most drug-related AEs were at Grade 1 or 2, with no Grade 4 or 5 drug-related AEs observed. Five patients (20%) experienced Grade 3
drug-related AEs including decreased lymphocytes (12%, n = 3), diarrhea (4%, n = 1), and nausea (4%, n = 1). Lymphocyte reductions of Grade 3 were observed
with the 100-mg and 400-mg dose levels, at approximately 1 week after �rst dose in two cases and during cycle 5 in another case. No dose adjustment or
special treatment was employed. Two of the patients had recovered by subsequent visits, and one withdrew after observation of PD. Grade 3 diarrhea was
observed in one patient after the �rst dose at the 350-mg level. The patient recovered after treatment with intravenous �uids and oral administration of
montmorillonite powder and voluntary withdrew from the study. Grade 3 nausea was observed in one patient at the 220-mg dose level after 6 months of
larotinib mesylate treatment, and no subsequent observations could be made as the patient was lost to follow-up. Serious AEs (SAEs) occurred in one patient
in each of the 220-mg and 350-mg dose levels. One patient experienced a decreased level of consciousness after 6 months of treatment, and the other
experienced pulmonary embolism. Both SAEs were considered unrelated to the larotinib mesylate treatment. The most frequently reported drug-related AEs
were acne-like rash (68.0%, n = 17), diarrhea (48.0%, n = 12), paronychia (48.0%, n = 12), anemia (48.0%, n = 12), stomatitis (44.0%, n = 11), hand-foot skin
reaction (44.0%, n = 11), decreased lymphocyte percentage (40.0%, n = 10), nausea (36.0%, n = 9), hypoalbuminemia (32.0%, n = 8), and weight loss (32.0%, n = 
8). Overall, > 10% of patients in all treatment cycles experienced drug-related AEs, as summarized in Table 2. 

Table 2
Summary of treatment-related AEs (NCI CTCAE grades) occurring in > 10% of patients in all dose groups

Dose levels 50 mg (N = 3) 100 mg (N = 3) 150 mg (N = 3) 220 mg (N = 3) 300 mg (N = 6) 350 m

AEs, n Grade1 Grade2 Grade3 Grade1 Grade2 Grade3 Grade1 Grade2 Grade3 Grade1 Grade2 Grade3 Grade1 Grade2 Grade3 G

Acne-like rash 0 0 0 0 0 0 2 0 0 2 1 0 6 0 0

Paronychia 0 0 0 0 0 0 0 2 0 1 2 0 2 0 0 2

Diarrhea 1 0 0 0 0 0 0 0 0 0 0 0 3 2 0

Anemia 0 1 0 1 1 0 2 0 0 1 0 0 2 2 0

Hand-foot skin
reaction

0 0 0 0 0 0 0 1 0 0 3 0 2 0 0 2

Stomatitis 0 0 0 0 0 0 1 0 0 2 0 0 0 4 0

Decreased
lymphocyte

0 1 0 0 0 2 1 1 0 0 1 0 0 1 1 0

Nausea 0 0 0 0 0 0 1 0 0 0 0 1 3 1 0

Hypoalbuminemia 1 0 0 0 0 0 1 0 0 0 1 0 3 1 0

Weight loss 0 0 0 0 0 0 0 0 0 2 0 0 1 2 0 2

Hematuria 1 0 0 0 0 0 0 0 0 1 0 0 1 1 0

Hyperglycemia 0 0 0 0 0 0 1 0 0 1 0 0 2 0 0 0

Emesis 0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0

Elevated alanine
aminotransferase

0 0 0 0 0 0 1 0 0 0 0 0 2 1 0 0

Decreased total
protein

0 0 0 0 0 0 0 0 0 1 0 0 1 1 0

Proteinuria 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0

Xerostomia 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0

Elevated
aspartate
aminotransferase

0 0 0 0 0 0 1 0 0 0 0 0 2 0 0 0

NOTE: No treatment-related Grade 4–5 AEs were observed in all dose cohorts during the study.

Abbreviations: AE = adverse event; NCI CTCAE: National Cancer Institute Common Terminology Criteria for Adverse Events.
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Pharmacokinetic properties
The mean larotinib plasma concentration–time pro�les after the administration of single and multiple doses are shown in Fig. 2. After oral administration of a
single dose, larotinib was moderately absorbed with a median Tmax of 3.5–6.0 h. The mean t1/2 values were 39.3–68.6 h and did not show a proportional
increase with increasing dosages of administration. The correlative analysis of dosages and pharmacokinetic properties showed that the slopes (95% CI) were
1.214 (0.88–1.54), 1.062 (0.73–1.39), and 1.297 (0.95–1.64) for ln AUC0 − 24, ln AUC0−∞, and ln Cmax, respectively, showing some overlap but not completely
contained in the decision interval (0.89–1.11). Accordingly, no clear linear pharmacokinetic characteristic was observed. At multiple doses were administered,
steady-state properties were reached after 8 days of continuous administration. The accumulation factor R1 values (AUCτ, cycle 1/AUC0 − 24h, cycle 0) were
5.0, 3.2, 3.3, 3.4, 3.2, 4.6, and 6.3 for the 50–400 mg dose levels, showing obvious accumulation. The plasma pharmacokinetic parameters calculated for
single and multiple doses of larotinib are presented in Table 3.



Page 7/13

Table 3
Pharmacokinetic (PK) properties of larotinib after oral administration of single and multiple doses of 50-, 100-, 150-, 220-, 300-, 350- and 400-mg larotinib

mesylate tablets
PK Parameter Dosage (mg)

50 mg 100 mg 150 mg 220 mg 300 mg 350 mg 400 mg

Single oral
administration

             

No. 3 3 3 3 6 3 3

Tmax, median (min–
max), h

6.00 (5.00–
6.00)

5.00 (3.00–
6.00)

5.00 (2.00–
5.00)

5.00 (2.00–
5.00)

5.00 (2.00–
5.00)

3.50 (2.00–
5.00)

5.00 (3.00–6.00)

Cmax, mean (SD),
ng/mL

17.4233
(1.3795)

64.0800
(18.5415)

149.90000
(23.4467)

278.0667
(140.7871)

267.2500
(103.9642)

299.8000
(197.8456)

354.3100
(303.8399)

AUC0 − 24, mean
(SD), h*ng/mL

244.7333
(13.5471)

652.6667
(159.2751)

1987.3333
(633.2822)

3104.3333
(973.6099)

2689.6667
(1123.4187)

3236.0000
(190.8871)

3972.6667
(2909.0673)

AUC0 − t, mean (SD),
h*ng/mL

634.9000
(66.9187)

1243.0000
(220.1431)

4780.6667
(1757.7435)

6359.3333
(406.9131)

4884.6667
(2175.2552)

6120.3333
(2734.4444)

7435.0000
(4835.528)

AUC0−∞, mean (SD),
h*ng/mL

816.6000
(111.1176)

1389.6667
(257.8087)

5661.6667
(2243.2611)

8092.6667
(1388.0873)

5553.5000
(2494.6367)

6831.6667
(2538.8900)

9088.0000
(5604.6169)

T1/2, mean (SD), h 56.7100
(0.7002)

43.8600
(8.2950)

39.2900
(5.6080)

68.2033
(8.0282)

46.2033
(5.2335)

44.6067
(11.9172)

68.5967
(9.1679)

Vz/F, mean (SD), L 5071.3333
(688.9415)

4583.0000
(616.7666)

1651.3000
(590.4145)

2714.6667
(1049.1946)

4345.0000
(1398.1585)

3802.0000
(2130.5520)

7408.0000
(7480.8067)

CL/F, mean (SD),
L/h

62.0133
(8.6557)

73.8100
(14.9832)

29.1067
(10.0202)

27.7867
(5.2570)

63.7567
(29.2981)

55.7767
(18.6284)

70.4700
(65.1338)

Multiple oral
administration

             

No. 3 3 3 3 5 3 3

Tmax,ss, median
(min–max), h

5.00 (5.00–
6.00)

5.00 (5.00–
5.00)

5.00 (2.00–
5.00)

6.00 (2.00–
12.00)

5.00 (1.00–
6.00)

5.00 (4.00–
6.00)

6.00 (4.00–6.00)

Cmax,ss, mean (SD),
ng/mL

67.4967
(2.9823)

131.3633
(0.5657)

371.3667
(86.081)

552.5667
(219.1269)

437.9200
(89.2617)

694.6667
(192.5918)

844.8333
(226.9179)

AUCτ,ss, mean (SD),
h*ng/mL

1216.3333
(164.0010)

1966.6667
(786.5153)

6501.6667
(1787.6178)

10303.3333
(2642.0565)

7260.2000
(879.2836)

13154.6667
(3231.7423)

16081.3333
(3312.9691)

AUC0 − t,ss, mean
(SD), h*ng/mL

3573.3333
(712.5281)

4479.0000
(1736.9076)

18237.3333
(4879.4930)

30159.0000
(4292.6079)

17925.4000
(3237.3442)

35937.3333
(7647.3588)

44997.3333
(11028.6784)

AUC0−∞,ss, mean
(SD), h*ng/mL

4922.0000
(1503.0333)

5196.0000
(1939.5755)

24554.6667
(8166.0510)

43641.0000
(6570.0526)

22592.2000
(5348.3816)

47326.6667
(11180.0081)

70416.3333
(23319.8884)

T1/2,ss, mean (SD),
h

61.1967
(11.1787)

44.7867
(3.8758)

61.2100
(6.7198)

75.6567
(8.7883)

54.3420
(8.8257)

58.6033
(7.5461)

87.0467
(18.6025)

Vz/F,ss, mean (SD),
L

921.4333
(158.6643)

1396.0667
(641.8031)

563.7000
(111.0184)

552.9333
(35.6138)

1061.4200
(138.3141)

640.6667
(127.8558)

753.6667
(258.5655)

CL/F,ss, mean (SD),
L/h

10.7277
(2.7947)

21.1667
(7.9122)

6.5117
(1.8166)

5.1257
(0.8434)

13.9060
(3.3328)

7.6483 (1.6086) 6.0873 (1.8699)

R1 4.9977
(0.8917)

3.2307
(1.5716)

3.3020
(0.1778)

3.3600
(0.2567)

3.2354
(1.2643)

4.6391 (1.4705) 6.3453 (5.0466)

R2 3.8850
(0.2347)

2.3080
(1.4283)

2.4660
(0.2629)

2.0677
(0.2934)

1.8880
(0.6250)

2.7570 (1.1916) 4.1870 (3.6206)

Abbreviations: ss = steady state; SD = standard deviation; Tmax=time to peak plasma concentration; Cmax=peak plasma concentration; AUC = area under the
plasma concentration curve; T1/2=terminal elimination halt-life; Vz/F = apparent volume of distribution; CL/F = apparent clearance; R1 = AUCτ,cycle1/AUC0 − 

24h,cycle0; R2 = Cmax,cycle1/Cmax,cycle0

 

The mean plasma concentration–time pro�les for the major metabolite M5 after administration of single and multiple doses of larotinib are shown in Fig. 2,
and the corresponding results for M5 plasma pharmacokinetic parameters are presented in Table 4. M5 also showed obvious accumulation with R1 values of
5.08, 3.73, 7.77, 8.14, 3.88, 5.94, and 7.33 for the respective increasing dose levels.
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Table 4 
Pharmacokinetic (PK) properties of M5 after oral administration of single and multiple doses of 50-, 100-, 150-, 220-, 300-, 350- and 400-mg larotinib mesylate

tablets

PK Parameter Dosage (mg)

50 mg 100 mg 150 mg 220 mg 300 mg 350 mg 400 mg

Single oral
administration

             

No. 3 3 3 3 6 3 3

Tmax, median
(min–max), h

6.00 (1.00-6.00) 6.00 (5.00-
12.00)

3.00 (2.00-
9.00)

3.00 (2.00-
9.00)

6.00 (2.00-
12.00)

3.00 (2.00-
6.00)

3.00 (2.00-
12.00)

Cmax, mean (SD),
ng/mL

11.8260 (7.9844) 35.7467
(33.8987)

49.0893
(41.1782)

28.1933
(12.5332)

114.6600
(61.4699)

80.0700
(13.8061)

120.2933
(69.5679)

AUC0-24, mean
(SD), h*ng/mL

203.8333
(133.1951)

474.4800
(397.7594)

575.5333
(438.3463)

425.5000
(216.4755)

1323.3000
(822.8103)

978.1667
(78.7343)

1646.0000
(724.7158)

AUC0-t, mean (SD),
h*ng/mL

515.4333
(193.4356)

860.3667
(701.2540)

1194.5000
(630.0435)

803.7000
(311.0467)

2439.5167
(1552.4009)

1986.3333
(110.3872)

3612.0000
(1604.5208)

AUC0-∞, mean (SD),
h*ng/mL

626.0667
(224.1598)

920.8000
(737.2503)

1346.6667
(578.1949)

949.5667
(375.2356)

2616.0833
(1699.8503)

2096.0000
(116.0000)

4283.6667
(2018.5773)

T1/2, mean (SD), h 46.9167 (35.6065) 37.2100
(3.9991)

41.0133
(16.7647)

64.2367
(19.2817)

32.6367
(9.1077)

28.5733
(3.5233)

48.4033
(7.2400)

Vz/F, mean (SD), L 5346.0000
(2975.9457)

9653.6667
(8038.2466)

8598.0000
(7332.1899)

22147.6667
(3215.0002)

8096.0000
(5817.7747)

6925.3333
(1224.5364)

7659.6667
(3625.9681)

CL/F, mean (SD),
L/h

89.4700 (40.3063) 191.5100
(175.1397)

128.5667
(61.6826)

262.0333
(117.8011)

178.2667
(137.5205)

167.3000
(9.2536)

117.1400
(75.6693)

Multiple oral
administration

             

No. 3 3 3 3 5 3 3

Tmax,ss, median
(min–max), h

9.00 (1.00-12.00) 5.00 (5.00-
24.00)

5.00 (5.00-
5.00)

6.00 (6.00-
12.00)

6.00 (0.00-
12.00)

5.00 (2.00-
6.00)

5.00 (3.00-6.00)

Cmax,ss, mean (SD),
ng/mL

44.9400 (2.2908) 110.2533
(71.1526)

242.4433
(147.3402)

185.3667
(92.0388)

230.9220
(185.7110)

353.3667
(176.1354)

752.0000
(676.5063)

AUCτ,ss, mean (SD),
h*ng/mL

788.7000(97.9692) 1355.9000
(870.4601)

4221.0000
(2662.2879)

3128.0000
(1455.3340)

4091.5200
(3134.5542)

5851.6667
(3872.2011)

9571.6667
(6679.2596)

AUC0-t,ss, mean
(SD), h*ng/mL

2332.3333
(436.0841)

2737.0000
(1585.8553)

12043.0000
(7489.0456)

7997.6667
(5009.4383)

10114.0000
(8519.9221)

14575.6667
(4047.0904)

22564.6667
(10062.7872)

AUC0-∞,ss, mean
(SD), h*ng/mL

3057.0000
(837.8347)

3077.3333
(1697.8782)

13509.6667
(7695.5016)

13661.3333
(12252.2527)

15385.2000
(14600.6656)

16910.6667
(3207.6267)

40021.6667
(10218.1843)

T1/2,ss, mean (SD),
h

53.7867 (26.4780)  47.3767
(15.7190)

38.7900
(12.4391)

 89.4033
(37.6178)

 70.7480
(26.7086)

 36.9400
(6.6345)

151.2933
(167.6169)

Vz/F,ss, mean (SD),
L

1258.1667
(397.3482)

3011.0000
(2427.5298)

1068.3667
(1187.0962)

2777.3333
(1571.8862)

3861.2000
(3208.2124)

1150.2333
(397.3370)

1912.2667
(1735.7309)

CL/F,ss, mean (SD),
L/h

17.2900 (5.1660)  39.6600
(20.3957)

16.2120
(13.5267)

 24.9037
(14.7164)

 48.7614
(50.2995)

 21.1733
(3.7659)

10.4070
 (2.4342)

R1 5.0800 (2.7846) 3.7263
(1.7856)

7.7650
(1.6735)

8.1397
(3.5971)

3.8818
(2.3071)

5.9360
(3.6472)

7.3273 (7.6018)

R2 5.0483 (2.9022) 4.8737
(3.3775)

6.2817
(2.4257)

6.5487
(1.0831)

2.2548
(1.2411)

4.4767
(1.8487)

8.1707 (9.6037)

Abbreviations: ss=steady state; SD=standard deviation; Tmax=time to peak plasma concentration; Cmax=peak plasma concentration; AUC=area under the
plasma concentration curve; T1/2=terminal elimination halt-life; Vz/F=apparent volume of distribution; CL/F=apparent clearance; R1=AUCτ,cycle1/AUC0-

24h,cycle0; R2=Cmax,cycle1/Cmax,cycle0

 

In the 150- and 220-mg groups, the 0–120 h excretion recovery percentages of larotinib were 7.4078% (1.3963% in urine, 6.0115% in feces) and 9.2492%
(1.3587% in urine, 7.8905% in feces), respectively. For M5, these recovery percentages were 7.3986% (0.0111% in urine, 7.3875% in feces) and 7.1600%
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(0.0045% in urine, 7.1555% in feces), respectively.

Antitumor e�cacy
Twenty-four cases were evaluable for antitumor e�cacy by RECIST version 1.1. Two cases with PR were observed, and both were patients with NSCLC. One
was a 70-year-old male in the 220-mg group, who had previously experienced treatment failure with paclitaxel, pemetrexed, and platinum compounds. PR was
achieved at the end of cycle 1 and maintained for 6 cycles, after which time the patient withdrew due to a drug-unrelated SAE. The EGFR G719A-activating
mutation was found in this case at the time of screening, and after larotinib treatment, the mutation was no longer detected. The other case was a 36-year-old
male in the 350-mg group. Pemetrexed and cis-platinum has been used for prior treatment. PR was maintained for 19 cycles, and no EGFR-sensitive or -
resistant mutations were detected during the treatment. SD was observed as the best overall response in 15 patients (60%), and the overall DCR was 70.8%
(Table 5). The best responses from baseline in target lesions in all the treatment cycles are shown in Fig. 3. In a total of �ve patients, EGFR mutations were
detected at baseline (003, G719D mutation; 301, G719A mutation; 201, L858 mutation; 202 and 501, deletion in the exon 19). After cycle 1 of treatment with
larotinib mesylate, these mutations were either no longer detected or detected at a lower abundance, and the corresponding e�cacy evaluation showed 1 case
of PR and 4 cases of SD.

Table 5
Best overall therapeutic responses to larotinib mesylate

Best overall response, n
(%)

Dosage (mg)

50 mg (n = 
3)

100 mg (n = 
3)

150 mg (n = 
3)

220 mg (n = 
3)

300 mg (n = 
6)

350 mg (n = 
3)

400 mg (n = 
3)

Total (n = 
24)

Objective responsea 0 (0) 0 (0) 0 (0) 1 (33.3) 0 (0) 1 (33.3) 0 (0) 2 (8.3)

Disease controlb 2 (66.7) 2 (66.7) 2 (66.7) 3 (100) 2 (33.3) 3 (100) 3 (100) 17 (70.8)

Complete response 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Partial response 0 (0) 0 (0) 0 (0) 1 (33.3) 0 (0) 1 (33.3) 0 (0) 2 (8.3)

Stable disease 2 (66.7) 2 (66.7) 2 (66.7) 2 (66.7) 2 (33.3) 2 (66.7) 3 (100) 15 (62.5)

Progressive disease 1 (33.3) 1 (33.3) 1 (33.3) 0 (0) 4 (66.7) 0 (0) 0 (0) 7 (29.2)

Not evaluated 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

a: Includes complete response and partial response.

b: Includes complete response, partial response and stable disease

Discussion
This phase 1 trial was the �rst-in-human study to evaluate the tolerance, pharmacokinetics, and preliminary e�cacy of single- and multi-dose larotinib
mesylate in patients with advanced solid tumors. All dose levels administered were well-tolerated with no MTD established. Therefore, in terms of safety, 50–
400 mg/d larotinib mesylate via oral administration can be selected for subsequent clinical trials.

The majority of common AEs were EGFR-related skin, mucosal, and gastrointestinal reactions, including acne-like rash, diarrhea, paronychia, stomatitis, hand-
foot skin reaction, and nausea, consistent with the common AEs reported for most of the EGFR-TKIs on the market[3, 14, 20–22]. Most of the AEs were
effectively controlled with symptomatic treatments, and no DLT occurred. In general, these AEs presented an obvious dose-dependency, with no or rare
occurrence at lower dose levels (50 or 100 mg) and a higher incidence at higher dose levels (150–400 mg). Other drug-related AEs emerged at different dose
levels, and no obvious dose-dependent relationship was observed.

The PK analysis of larotinib showed no clear linear PK characteristic, and this may be attributed to the small sample size and high inter-individual
heterogeneity. The drug did show obvious accumulation after the administration of multiple doses, with the R1 value exceeding 3 at all dose levels. The trough
larotinib concentrations at steady-state with the lower dose levels (50 and 100 mg) were above the IC50 values shown to inhibit EGFR, and with higher dose
levels (150–400 mg), these concentrations were above the IC50 values to inhibit EGFR, HER2, HER4, PIPK2, IRAK1, BTK, and BLK, suggesting the higher dose
levels may offer better and broader therapeutic effects than the lower dose levels. The Vz/F values were very large for all dose levels, showing the drug was
mainly distributed in tissues. The 0–120 h excretion recovery percentages of larotinib and the major metabolite M5 were low, and the main excretion pathway
was feces, implying that the drug was slowly eliminated in the tissues and supporting the safety of the drug in patients with chronic renal insu�ciency.

The e�cacy analysis revealed robust antitumor activities with two cases of PR and a DCR of 70.8% after larotinib mesylate treatment. Notably, tumors
expressing wild-type EGFR are often insensitive to EGFR-TKIs[23–27], but in the present study, one case with no EGFR-sensitive mutations achieved and
maintained a PR for 19 cycles. Considering the lower IC50 value calculated in the larotinib mesylate in vitro study, this observation suggests larotinib mesylate
may be superior to other TKIs for targeting wild-type EGFR tumors.

Conclusions
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Larotinib mesylate was well-tolerated when orally administered at dose from 50–400 mg/d and showed evidence of antitumour activity in patients with
advanced solid tumors. Further studies evaluating this drug's antitumor activity are ongoing in multiple tumor types with different genotypes.
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level; LOAEL: Lowest observed adverse effect level; MTDs: Maximal tolerable doses; RECIST: Response Evaluation Criteria In Solid Tumors; ECOG: Eastern
Cooperative Oncology Group; AEs: adverse events; NCI CTCAE: National Cancer Institute Common Terminology Criteria for Adverse Events; LVEF: left
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Figure 1

Structure of larotinib mesylate

Figure 2

Mean plasma concentration–time pro�les for larotinib and M5 after administration of single and multiple doses of 50, 100, 150, 220, 300, 350 and 400 mg
larotinib mesylate. (A) Mean plasma concentration–time pro�le of larotinib after a single dose; (B) mean plasma concentration–time pro�le of larotinib after
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multiple doses; (C) mean plasma concentration–time pro�le of M5 after a single dose; (D) mean plasma concentration–time pro�le of M5 after multiple
doses.

Figure 3

Percentage change in tumor size of the target lesions by RECIST (version 1.1) in patients from baseline to best responses. Abbreviations: NSCLC=non-small
cell lung cancer.


