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Objective: This study explored the bioequivalence of a proposed biosimilar HOT-3010 vs. its reference product (adalimumab) among healthy Chinese male subjects. The study also investigated the tolerance, immunogenicity, and pharmacokinetics (PK).
Methods: A randomized, double-blind, two-arm, parallel study was performed to examine the bioequivalence of HOT-3010 (40 mg) with that of adalimumab (Humira®, AbbVie) as a reference drug. The study subjects were followed up for 71 days.
Results: PK properties exhibited by HOT-3010 (N = 66) and adalimumab (N = 68) groups were similar. The 90% confidence intervals of the ratios for Cmax, AUC0-t, and AUC0∞ were observed to be in the range 80–125% on comparing the two groups. For anti-drug antibodies (ADA), the number of subjects found to be positive in the HOT-3010 group and adalimumab group were 29 (43.94%) and 32 (47.06%), whereas 27 (40.91%) and 27 (39.71%) subjects were found to be positive for NAb, respectively. Treatment-related treatment-emergent adverse events (TEAEs) were recorded in 32 subjects each in both the groups, respectively.
Conclusion: The PK characteristics and immunogenicity exhibited by HOT-3010 were similar to that of the reference product, adalimumab. The safety profiles were similar in both the treatment groups with mild-moderate adverse effects.
Keywords: adalimumab, biosimilar, immunogenicity, pharmacokinetics, intersubject variability
Clinical Trial Registration: http://www.chinadrugtrials.org.cn/index.html, identifier #CTR20181078.
INTRODUCTION
Typically derived from living cells, biological products are different large and complex molecules. Owing to biologics’ molecular complexity and multifaceted production process, biosimilars are characterized differently from traditional small molecules (European Medicines Agency, 2015; US Food and Drug Administration, 2015; World Health Organization, 2015). Biologic therapies such as monoclonal antibodies are expensive and limit access worldwide (Zelenetz and Becker, 2016), despite significant therapeutic improvement. For about a decade, biosimilars are available in European and US markets, developed as copies of existing biologics.
A step-by-step approach for the development of biosimilars has been suggested by the US Food and Drug Administration (FDA), European Medicines Agency (EMA), and National Medical Products Administration (NMPA) (European Medicines Agency, 2015). The biological functional similarity was first assessed, followed by pharmacokinetic (PK) and pharmacodynamic (PD) properties, and at last, clinical similarity, including efficacy, safety, and immunogenicity was assessed, through the approved dose and pathway as that of the reference product (European Medicines Agency, 2015; US Food and Drug Administration, 2015; World Health Organization, 2015).
Adalimumab is specifically known to bind to tumor necrosis factor (TNF)-alpha and obstructs any interaction with the p55 and p75 cell surface TNF receptors. Surface TNF expressing cells are evidenced to be lyzed by adalimumab in vitro in the presence of complement. TNF, a naturally existing cytokine, participates in normal inflammatory and immune responses (Zelenetz and Becker, 2016; Fleischmann et al., 2019). The synovial fluid of rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), psoriatic arthritis (PsA), and ankylosing spondylitis (AS) patients exhibit elevated levels of TNF, which participates in both the pathologic inflammation and joint destruction that are characteristic features of these diseases. High TNF levels also occur in psoriasis plaques. HUMIRA, a TNF blocker, is suggested for treating RA, JIA, PsA, and AS, and other diseases (AbbVieInc, 2020).
Worldwide, adalimumab biosimilars are being aggressively developed, such as MSB11022 and FKB327(Hyland et al., 2016; Puri et al., 2017). The reference product, as well as adalimumab biosimilar (HOT-3010), exhibit comparable primary structure, posttranslational modification, biochemical characteristics, and biological functions. Preclinical, PK and PD studies conducted on monkeys have revealed similarities (data not provided). Thus, the clinical development of HOT-3010 is imperative.
To establish their bioequivalence, assessing biological analogs and reference products through PK studies on humans is essential (China Food and Drug Administration, 2015). A single-dose PK investigation was conducted among healthy Chinese male volunteers for estimating the bioequivalence of HOT-3010 and adalimumab as control. Confounding factors such as disease conditions, comorbidities, and variability associated with treatment are prevented among healthy subjects. Although the reference drug’s therapeutic dose is 10–160 mg (AbbVieInc, 2020), the dosage for this study was set at 40 mg as per the sponsor's early clinical trial plan. The PK profiles of HOT-3010 and adalimumab (Humira®, AbbVie) were evaluated and compared while also assessing tolerability, safety, and immunogenicity of HOT-3010.
METHODS
Study Design and Subjects
This investigation was performed in the phase I Clinical Research Center of the First Hospital of Jilin University between Nov 22nd, 2018, and June 07th, 2019 (Chinese Clinical Trial Registry, Registration No. CTR20181078). The Institutional Review Board of The First Hospital of Jilin University reviewed and approved all the related documents, such as the final protocol, any amendments, and informed consent. The declaration of Helsinki, International Conference on Harmonization Good Clinical Practice Guidelines, and local regulatory requirements were adhered to during this study. Written informed consent was obtained from the subjects before being enrolled in this study.
This randomized, double-blind, single-dose, two-arm, parallel study was conducted to explore the bioequivalence of the proposed biosimilar, HOT-3010, with its reference product (adalimumab) among healthy Chinese male subjects. The tolerance, immunogenicity, and pharmacokinetics (PK) of the reference product and the biosimilar were investigated. Overall, 136 eligible subjects were included and randomized at a ratio of 1:1 to be administered a single subcutaneous injection of 40 mg HOT-3010 or adalimumab. The sample was stratified by 70 kg weight. Subjects in each pre-assigned weight interval were equally allocated to the two treatment groups randomly.
For safety evaluation, all subjects were retained in the study center for at least 72 h following the dose administration. Thereafter, subjects were expected to return to the center at a scheduled time in the protocol and were followed up for 71 days.
Following were the inclusion criteria: 1) Healthy males in the age range 18–55 years; 2) with a body mass index (BMI) of 18.0–28.0 kg/m2; 3) total body weight in the range 55–90 kg; 4) and normal test reports or with no clinical significance for routine blood and urine and hepatic and renal functions examinations at the time of enrollment and absolute neutrophil count ≥1.8 × 109/L.
The exclusion criteria comprised the following: 1) Subjects suffering from clinically significant diseases or with a history of the same; 2) positive for T-SPOT® TB interferon-γ-release assays; were in contact with tuberculosis patients or/and presented suspected symptoms or signs of tuberculosis recently; 3) with a history of demyelinating diseases (including myelitis) 4) opportunistic infections (e.g., shingles); during the 6 months before screening; 5) systemic or local infection; 6) with serum triglyceride ≥3.42 mmol/L; and 7) antinuclear antibody titer ≥1:100.
The subjects were administered a single dose of subcutaneous injection of adalimumab 40 mg. They were randomized into two groups in a 1:1 ratio: HOT-3010 (Shanghai Huaaotai Biopharmaceutical Co. Ltd.; Batch number: 20181002) and adalimumab (Humira®, AbbVie Inc.), sourced from Europe. Batch number: 80318XH01) groups.
The subjects’ visit to the Clinical Research Unit for screening was scheduled 14 – 2 days before the dose was administered. They were admitted a day before the administration of the adalimumab biosimilar. The subjects observed fasting for at least 10 h before the biosimilar administration, who were then randomly allocated to two groups: the test (HOT-3010) and reference drug (adalimumab) groups.
Pharmacokinetics Evaluations
At about an hour before administering the dose (pre-dose), blood samples were collected for PK evaluation, and at different time points up to 1,680 h (day 71) following dosing. The serum concentration of the adalimumab was evaluated by way of the Enzyme-linked immunosorbent assay (ELISA) method, and the assay was conducted at the Shanghai Xihua Testing Technology Service Co., Ltd. (Shanghai, China).
The PK parameters were calculated by utilizing a non-compartmental analysis model. The maximum observable serum concentration (Cmax), clearance (CL), half-life (t1/2), the volume of distribution (Vz), and area under the curve (AUC) from zero to the final quantifiable concentration (AUC0−t) and to infinity (AUC0−∞) values formed the concentration-time data. The PK analysis was performed by using actual sampling times. An internally validated software system, Phoenix WinNonLin® v8.0 (Pharsight Corporation, Certara, L.P., Princeton, NJ, USA), was utilized for calculating PK parameters.
Immunogenicity Evaluations
The anti-drug antibodies (ADAs) and neutralizing antibodies (NAb) were identified by examining blood samples collected at 1 h pre-dose and 15, 29, 43, and 71 days following the dose. ADA samples were evaluated by way of ELISA. The presence or absence of neutralizing antibodies was further assessed in ADA-positive samples using ELISA.
Safety Evaluations
A combination of tests comprising physical examination, vital signs, electrocardiogram, and common laboratory tests such as urine analysis and chemistry was conducted for monitoring adverse events (AEs) and were documented and graded as per the National Cancer Institute Common Terminology Criteria for Adverse Events (V.4.03). Until the subjects with AEs normalized and attained a stable state, they were monitored (evaluated by the investigator and sponsor) or were lost to follow-up.
Estimation of Sample Size
As per the current FDA guidelines, the geometric mean ratio (GMR) was set to be 95% to achieve 80% power (1−β) at the significance level (two-sided α = 5%). The coefficient of variation (CV) signifies intersubject variability (inter-CV). The sample size (initial: 108, inter-CV for adalimumab: 36%) was estimated with the help of NQuery 8.3.0.0 software (Boston, MA, United States) (US Food and Drug Administration, 2015), allowing for the 20% drop-out rate; the final sample group size was 136.
Statistical Analysis
If the 90% confidence intervals were within the range 80–125% for Cmax, AUC0−t, and AUC0−∞, bioequivalence was concluded. PK analysis set was utilized for conducting PK analysis for the study population. To adjust its effect on bioequivalence, weight was included in the analysis of variance (ANOVA) model as a fixed effect. Subjects who were administered the study drug were considered for safety analysis. Descriptive statistics for both PK parameters and demographical data were determined. t-test for normally distributed data and Wilcoxon rank test for data with unknown distribution was used for data analysis. SAS 9.4 Statistical Package (SAS Institute Inc., Cary, NC, United States) was utilized for conducting all statistical tests.
RESULTS
Subjects
Two of the 136 subjects enrolled in the HOT-3010 group pulled out of the study owing to increased blood pressure ahead of the dose administration. Thus, only 134 subjects were administered the drugs and were considered for the safety and PK analyses sets, and 66 and 68 subjects were allocated to the HOT-3010 and adalimumab groups, respectively. A comparison of demographic and baseline characteristics between various treatment groups was performed, which were found comparable (Table 1).
TABLE 1 | Demographics and baseline characteristics.
[image: Table 1]Pharmacokinetics Evaluations
Single-phase descent characteristics were exhibited by the mean serum concentration-time curve for the adalimumab and its biosimilar (Figure 1). The non-compartmental analysis revealed the slow clearance and longer t1/2 of adalimumab and its biosimilar. The median Tmax values of the two groups at 144 h after the administration of the subcutaneous injection were found to be similar. The projected values of adalimumab mean t1/2 were also observed to be similar for the two groups, ranging from 285.94 to 308.23 h. The trends for CL and Vz values across the two groups were observed to be the same. The mean values of concentration-time profiles and Cmax and estimates of AUC0−t and AUC0−∞ and inter-CVs were found comparable, with their coefficient of variation values in the range 29.77–39.79% (p > 0.05, Table 2 and Figure 1).
[image: Figure 1]FIGURE 1 | Serum drug concentration-time profile of adalimumab and its biosimilar HOT-3010 b y treatment following a single subcutaneous injection of 40 mg adalimumab and HOT-3010. Data are presented as Mean values ± standard deviation (A); log10 mean values (B); Mean values of ADA-positive and -negative individuals from the HOT-3010 group (C); Mean values of ADA-positive and -negative individuals from the adalimumab group (D).
TABLE 2 | Pharmacokinetic parameters of adalimumab in each group (Mean [CV%] or median [min, max]).
[image: Table 2]Pharmacokinetic comparisons for HOT-3010 vs. adalimumab have been presented. The ratio of geometric least-squares means for the HOT-3010 vs. adalimumab was 102.22, 98.47, and 98.27 for Cmax, AUC0-t, and AUC0-∞ and the 90% CI was 87.60–113.49 (Table 2). For all comparisons, 90% CI values of the Cmax, AUC0−t, and AUC0-∞ estimates were contained within the predefined 80.00–125.00% bioequivalence limits. Based on the outcomes of bioequivalence analysis (GMR and inter-CV), the sample size was reestimated and was observed to be less than the enrollment size, while only about 106 subjects met the bioequivalence analysis requirement (Table 2).
Immunogenicity Evaluations
The existing ADA and NAb positive rates were observed to amplify with time, and the total positive rates of HOT-3010 and adalimumab for ADA (43.94 vs. 47.06%) and NAb (40.91 vs. 39.71%) were recorded to be the same at day 71. Precise results are presented in Table 3. No differences in the immunogenicity rates between the two groups were found. Subject no. 004 was recorded to be positive for ADA at pre-dose. Therefore, sensitivity analyses were conducted on excluding subject no. 004 to evaluate the influence of immunogenicity on the PK of the treatment, and the geometric mean values of Cmax, AUC0−t, and AUC0−∞ were similar among treatments. The serum concentration-time curves of HOT-3010 from 96 to 1,680 h and adalimumab from 504 to 1,680 h in ADA-positive subjects were lower than those in ADA-negative subjects (Figures 1C,D). The exposures were also lower for the ADA-positive subgroup than the ADA-negative subgroup in HOT-3010 and adalimumab group, except the Cmax of adalimumab, due to the Cmax values were similar between the ADA-positive and negative subgroup. However, the 90% CIs for the comparisons of Cmax, AUC0−t, and AUC0−∞ values were within the predefined bioequivalence limits of 80.00–125.00% regardless of ADA status (Table 2).
TABLE 3 | ADA and Nab positive rates n (%) after subcutaneous injection of HOT-3010 or adalimumab.
[image: Table 3]Safety Evaluations
Of the total, 64 (47.8%) subjects who experienced treatment-related treatment-emergent adverse events (TEAEs), 32 (48.5%) subjects belonged to the HOT-3010, and 32 (47.1%) to the adalimumab group (Table 4). The overall incidence of treatment-related TEAEs was similar between the two groups. High blood triglycerides (6.1 vs. 4.4%), hyperuricemia (0 vs. 8.8%), total bilirubin increased (7.6 vs. 2.9%), alanine aminotransferase (3.0 vs. 5.9%), and aspartate aminotransferase (3.0 vs. 4.4%) and lowered neutrophil count (6.1 vs. 10.3%) were the common treatment-related TEAEs in the HOT-3010 as compared with adalimumab group, respectively.
TABLE 4 | Treatment-emergent adverse drug reaction (number of events, the number (%) of subjects, more than 3%).
[image: Table 4]The treatment-related Grade-III TEAEs occurred as a case of tuberculosis and infectious pneumonia in the HOT-3010 group (SAE) and a case of increased lipase and diarrhea in the adalimumab group. On day 71, subject no. 015 from the HOT-3010 group was diagnosed with tuberculosis, which was identified to study drug-related. Adalimumab likely suppressed the immune function, consistent with the label, which may have caused the body to be susceptible to tuberculosis. The treatment-related Grade-IV TEAEs emerged as a single case of hyperuricemia in the adalimumab group. The other treatment-related TEAEs were Grade I–II. All these AE cases were recovered by the last visit, which mostly did not require drug therapy, while no TEAE occurred that caused withdrawal.
The two drugs were found to be safe, and no remarkable differences between the two groups were observed. ADA development was not found to be correlated to TEAEs. None of the subjects exhibited clinically significant or serious hypersensitivity or anaphylaxis or injection site reaction following dosing. The Institutional Review Board of The First Hospital of Jilin University recorded all the drug-induced AEs.
DISCUSSION
Through this single-dose, phase I study of HOT-3010 administered in the form of 40 mg subcutaneous adalimumab injection, bioequivalence was established. The Cmax and AUC values between the two treatment groups were compared; ANOVA results exhibited that the 90% CIs of the geometric means ratios for the PK parameters in the range 87.60–113.49%, and were all observed to be within the predefined bioequivalence interval 80–125% for the natural log-transformed data for each comparison. Other PK Tmax and t1/2 parameters were also similar between the two treatment groups. HOT-3010 and adalimumab exhibited similar safety and immunogenicity profiles; all treatment-related TEAEs were observed to be mild to moderate in severity, with the absence of local reactions, evidencing that the healthy subjects well tolerated the two drugs. The outcomes of this investigation supported the utilization of the biosimilars in the subsequent clinical studies (Hyland et al., 2016; Puri et al., 2017; Hillson et al., 2018; von Richter et al., 2019).
Adalimumab was absorbed and distributed slowly. The Cmax, Tmax, and AUC values were reported as 4.7 ± 1.6 μg/ml and 131 ± 56 h, and 2167.38 ± 975 h*μg/mL, respectively, and the mean t½ equals ∼2 weeks following administration a single-dose of adalimumab 40 mg subcutaneously to healthy adult Caucasian subjects (Hyland et al., 2016; AbbVieInc, 2020). The PK properties of adalimumab were observed to be linear over the dose range 0.5–10.0 mg/kg following a single IV dose (Hyland et al., 2016; AbbVieInc, 2020). The PK parameters such as absorption, distribution, and adalimumab metabolism among the healthy study population were comparable with those in the literature data (Table 2).
PK analyzes in RA patients displayed an evident trend toward higher clearance of adalimumab in the presence of anti-adalimumab antibodies and poorer clearance with an increase in age among patients in the age range ≥40 years (Hyland et al., 2016; Puri et al., 2017; Hillson et al., 2018; von Richter et al., 2019). ADA certainly influenced drug concentration, and the ADA-positive group exhibited lower concentration within a certain time frame and lower exposure of adalimumab and its biosimilar, such as AUC, although it did not affect the bioequivalence results of this study (Table 2). This is similar to previous research reported by Elizabeth Hyland (Hyland et al., 2016). This appears to be related to higher clearance and the design of the PK assay, due to which the measurement of adalimumab becomes difficult when bound to ADA with neutralizing capability (Hyland et al., 2016). ADA is identified in approximately 10–25% of patients administered adalimumab without methotrexate (Poddubnyy and Rudwaleit, 2011). Almost 40% of the healthy treated subjects in this investigation formed a detectable ADA and NAb, with comparable outcomes for each treatment group. Considering the actual differences between healthy subjects and patients, further investigations are imperative, while the variations between this and earlier studies may be attributed to the high sensitivity of the investigative techniques utilized in the current one.
Four subjects from the HOT-3010 and six from the adalimumab group underwent at least one combined drug therapy for TEAEs during this research. The drugs used were analgesic tablets, amkahuang min capsule, loratadine, clindamycin, and so on. Adalimumab is a biological product with no influence by liver enzymes on its metabolic pathway. Thus the combination of these drugs was considered less likely to influence the outcomes of PK analysis of adalimumab (AbbVieInc, 2020). The inter-CV of adalimumab was found to be approximately 30–39% (medium), with a realistic sample size in this study, while about 53 subjects were proposed to be included in future bioequivalence studies (Hyland et al., 2016; Wynne et al., 2016; Kaur et al., 2017; Park et al., 2017; Puri et al., 2017; Shin et al., 2017; Hillson et al., 2018; von Richter et al., 2019; Cao et al., 2020).
Sixty-four (47.8%) subjects experienced treatment-related TEAEs and were mainly the mild (grade I-II) abnormality of the laboratory test value, such as reduced neutrophil count. Noteworthy are the incidents of treatment-related TEAEs were comparable between the HOT-3010 and adalimumab groups (48.5 vs. 47.1%, respectively), and nearly all of them recovered spontaneously by the last visit to the institute. Adeep Puri (Puri et al., 2017) found that 97 subjects (53.9%) experienced AEs that were related to adalimumab in an FKB327 biosimilar study in healthy subjects; the incidence was slightly higher than that in our study. The AEs (incidence of at least 10%) most often reported in the label after long-term treatment comprised infections (e.g., upper respiratory, sinusitis), injection site reactions, headache, and rash (Scheinfeld, 2005). The treatment-related TEAEs of this study were mild abnormalities of the laboratory indicator, rather than infection-related adverse reactions caused by immune suppression after long-term treatment. Although the incidence is higher, they were mild in this study after one dosage, similar to the literature (Puri et al., 2017).
Adalimumab is also known to modulate biological responses induced or regulated by TNF, such as modifications in the adhesion molecules’ levels responsible for leukocyte migration (AbbVieInc, 2020). Adalimumab perhaps influenced the distribution between blood and tissues such as neutrophils and white blood cells. Reduction in neutrophil count occurred in about 6.1–10.3% of subjects in this study, which rapidly normalized as drug concentrations dropped. As anti-TNF therapy is linked to immune suppression, AEs such as opportunistic infections are of special interest for this drug class (Zhang et al., 2017). Only one subject suffered from tuberculosis and infectious pneumonia. Although chest X-ray and T-SPOT®. TB interferon-γ-release assays resulted in negative at screening; an occult infection of tuberculosis was suspected by the investigators to recur when the body’s immune function was found to be reduced. Perhaps this subject was in touch with a tuberculosis patient during the treatment when his immunity was low and was thus infected (Zhang et al., 2017).
Overall, safety and tolerability of HOT-3010 and reference Humira® (AbbVie) were reported in this study; all AEs were mild to moderate with no severe AEs observed, indicating good tolerance of these products (Fleischmann et al., 2019; Zhang et al., 2020).
CONCLUSION
PK profiles of adalimumab biosimilars (HOT-3010) and adalimumab were thus demonstrated to be similar. The adalimumab biosimilars had almost comparable ADA and NAb profiles and a similar safety profile to that of the reference drug. The inter-CV of adalimumab was observed to be moderate among Chinese subjects. The clinical development of HOT-3010 as adalimumab biosimilars is well-supported by these data.
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