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Abstract: A systematic review was performed to evaluate how the maximum recommended 

starting dose (MRSD) was determined in first-in-human (FIH) studies with monoclonal antibodies 

(mAbs). Factors associated with the choice of each MRSD determination method were also identi-

fied. PubMed was searched for FIH studies with mAbs published in English between January 1, 

1990 and December 31, 2013, and the following information was extracted: MRSD determination 

method, publication year, therapeutic area, antibody type, safety factor, safety assessment results 

after the first dose, and number of dose escalation steps. Seventy-nine FIH studies with mAbs 

were identified, 49 of which clearly reported the MRSD determination method. The no observed 

adverse effects level (NOAEL)-based approach was the most frequently used method, whereas 

the model-based approach was the least commonly used method (34.7% vs 16.3%). The minimal 

anticipated biological effect level (MABEL)- or minimum effective dose (MED)-based approach 

was used more frequently in 2011–2013 than in 1990–2007 (31.6% vs 6.3%, P=0.036), reflecting 

a slow, but steady acceptance of the European Medicines Agency’s guidance on mitigating risks 

for FIH clinical trials (2007). The median safety factor was much lower for the MABEL- or MED-

based approach than for the other MRSD determination methods (10 vs 32.2–53). The number 

of dose escalation steps was not significantly different among the different MRSD determination 

methods. The MABEL-based approach appears to be safer and as efficient as the other MRSD 

determination methods for achieving the objectives of FIH studies with mAbs faster.

Keywords: MRSD determination method, starting dose in first-in-human study, first-in-human 

study with monoclonal antibody, MRSD, safety factor

Introduction
Determining the safe starting dose for humans is one of the most important steps before 

any new biopharmaceutical product under development can enter clinical testing for the 

first time. Ideally, the starting dose should be low not to cause any harm in humans, while 

it is expected to be not too low for efficacy, thereby reducing the number of patients 

exposed to ineffective doses in the first-in-human (FIH) clinical trials.1 The regula-

tory agencies such as the US Food and Drug Administration (FDA) and the European 

Medicines Agency (EMA) have published guidance documents to select the maximum 

recommended starting dose (MRSD) in the FIH study.2,3 The FDA guidance has been 

used in many FIH studies with new chemical entities of low-molecular weight, although 

it is also applicable to the FIH studies with biological agents. The emphasis in the FDA 

guidance is placed on the no observed adverse effects level (NOAEL) assessed in 
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preclinical toxicology studies.2 The NOAEL is then converted 

into the human equivalence dose by applying an appropriate 

scaling factors to adjust for body surface area among different 

species.2 In contrast, the EMA guidance stresses the minimal 

anticipated biological effect level (MABEL) approach, in 

which all in vitro and in vivo information will be taken into 

consideration.3 The NOAEL- or the MABEL-derived human 

equivalence dose can be reduced further by applying the safety 

factor, a number by which the calculated human equivalence 

dose is divided to increase the assurance that the first dose 

will not cause toxicity in humans.

Since the 1980s, monoclonal antibodies (mAbs) have been 

actively incorporated into clinical medicine as a beneficial 

therapeutic option, particularly in oncology and immunology.4 

However, protein-based drugs such as mAbs can have more 

uncertain safety profiles than those of chemistry-based 

drugs before an FIH study is conducted. For example, a 

severe life-threatening cytokine storm was developed in all 

the subjects who received the active drug in FIH study with 

TGN1412, a superagonist mAb against CD28, although a 

conservatively low starting dose was administered derived 

from the NOAEL (ie, a large safety factor of 160).5 This 

tragic incident highlighted the importance of and difficulties 

in selecting the safest maximum starting dose in FIH studies 

with mAbs.6 After the incident in the FIH study of TGN1412, 

several publications have proposed various ways to determine 

MRSD for FIH studies with biological agents. Many of these 

follow-up publications emphasized that MRSD for the FIH 

study with novel biological agents should be chosen after 

taking into account multiple points, for example, different 

endpoints, interspecies scaling, and safety factors.7,8 In sup-

port of this notion, a recent review found that the preclinical 

animal models and key toxicity parameters used to determine 

the starting dose for FIH studies with molecularly targeted 

agents in cancer patients were variable and heterogeneous.9 

To the best of our knowledge, however, no investigation has 

reported how MRSD was determined in FIH studies with 

mAbs and which factors were associated with the choice 

of MRSD determination methods. Furthermore, the conse-

quences of various MRSD determination methods have not 

been assessed, particularly in terms of safety and efficiency 

in achieving the objectives of FIH clinical trials. On the basis 

of this understanding, the objectives of the present study were 

1) to evaluate MRSD determination methods employed in 

FIH studies with mAbs, 2) to identify factors associated with 

choosing one method over the others, and 3) to compare the 

safety and efficiency of each MRSD determination method. 

To achieve these objectives, we performed a systematic 

review of the papers that reported the results of FIH studies 

with mAbs from 1990 to 2013.

Materials and methods
Literature search and selection of the FIH 
studies
To construct a database for the FIH studies with mAbs, 

we searched PubMed using the combination of the follow-

ing terms: clinical trial, phase I or phase 1, first-in-human 

or first-in-man, first-time-in-human or first-time-in-man, 

starting dose or initial dose, and mAb. The literature search 

was complemented by an additional manual search of the 

references from the published papers and reviews focusing 

on mAbs. Eligible studies had to meet all of the following 

inclusion criteria: 1) the full text was available or there was at 

least a clear indication of how the MRSD was determined in 

the abstract or proceedings, 2) the text was written in English, 

and 3) the studies were published between January 1, 1990 

and December 31, 2013.

Classification of MRSD determination 
methods and data extraction
If papers explicitly stated that the MRSD was determined 

based on a NOAEL, MABEL, minimum effective dose 

(MED), or pharmacologically active dose (PAD), they were 

classified as the respective dose- or level-based. Although 

a paper did not clearly indicate the MRSD determination 

method, it was also classified as NOAEL-, MABEL-, MED-, 

or PAD-based if the paper presented other information or 

supplemental data that enabled us to identify which method 

was used. For example, if a paper emphasized that no toxic-

ity was found in the preclinical animal model up to a certain 

dose, which was used as the basis for determining the MRSD 

in humans, the method was NOAEL-based. Similarly, if the 

MRSD was determined from a dose identified in preclini-

cal models that produced any or minimal pharmacological 

effect, the paper was classified as PAD- or MED-based, 

respectively. However, if animal pharmacokinetic (PK) data 

were the basis of MRSD determination or if a PK model was 

used to estimate the human PK parameters, which eventually 

resulted in the MRSD, the method was PK model-based. If 

the information about the receptor occupancy or other bio-

markers was used to determine the MRSD, the method was 

pharmacodynamic (PD) model-based. If a PK–PD modeling 

approach was used to determine the MABEL, however, the 

paper was classified as MABEL-based. Because there were 

some similarities among MRSD determination methods, they 

were further grouped as follows: 1) MABEL- or MED-based 
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(ie, MRSD was selected based on a dose associated with the 

minimal pharmacological effect) or 2) model-based (ie, PK, 

PD, or PK–PD, in which MRSD was determined using a 

model-based approach).

We also collected the information about the factors 

that could have been associated with the choice of MRSD 

determination method: publication year, therapeutic area 

(ie, oncology, immunology, infection, and others), and anti-

body type (ie, murine, chimeric, humanized, fully human, and 

others). Because the MABEL-based approach was officially 

first introduced in the EMA guidance in 2007, partly prompted 

by the TGN1412 incident,3 we categorized the publication 

year into three periods: before 2007 (ie, 1990–2007) and two 

3-year periods after 2007 (ie, 2008–2010 and 2011–2013) to 

investigate the impact of the EMA guidance.

Furthermore, we extracted or derived the safety factor 

using the information available in the paper. In addition, we 

collected the safety result after the first dose and the number 

of dose escalation steps to evaluate the consequence of each 

MRSD determination method.

Two authors (HYS and HL) independently reviewed the 

papers and performed data extraction. The extracted data 

were then cross-checked for concurrence, and any differences 

were discussed until an agreement was reached.

Statistical analysis
Safety factor and MRSD determination method were sum-

marized using descriptive statistics. The Fisher’s exact test 

was performed to analyze whether MRSD determination 

method was significantly affected by the publication year, 

therapeutic area, and the type of mAbs. To test whether the 

median safety factor and the mean number of dose escalation 

steps were significantly different by MRSD determination 

method, the Kruskal–Wallis and the analysis of variance tests 

were performed, respectively. The SAS statistical software 

(version 9.4; SAS Institute, Inc., Cary, NC, USA) was used 

for the statistical analysis, and a two-tailed P-value #0.05 

was considered statistically significant.

Results
Study identification
The literature search identified 140 candidate FIH studies 

with mAbs, 61 of which were excluded because they did not 

meet the selection criteria: full text unavailable (n=58) or not 

in English (n=1); published before January 1, 1990 or after 

December 31, 2013 (n=2). Hence, a total of 79 FIH studies 

were included in the final study database (Table S1). Overall, 

the majority of FIH studies with mAbs were performed in 

oncology (n=41, 51.9%), followed by immunology (n=14, 

17.7%) and infection (n=10, 12.7%). The number of FIH 

studies with fully human antibodies and humanized antibod-

ies has drastically increased since the early 2000s, whereas 

the number of FIH studies with murine or chimeric antibodies 

remained steadily low during the entire period (Figure 1).

MRSD determination method
Of 79 FIH studies with mAbs included in the study database, 

49 studies (62.0%) clearly indicated how the MRSD was 

Figure 1 Types of monoclonal antibodies used in the first-in-human studies by publication year (1990–2013).
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determined, whereas the remaining 30 studies (38.0%) did 

not report the MRSD determination method (Figure 2). Of 

the 49 studies that reported the MRSD determination method, 

more than one-third used the NOAEL-based approach (n=17, 

34.7%), followed by the PAD-based approach (n=13, 26.5%) 

and the MABEL- or MED-based approach (n=11, 22.4%). 

The model-based approach was the least common method 

(n=8, 16.3%).

Factors associated with the choice of 
MRSD determination method
The more recent the publications were the more frequently 

they reported which method was used to determine the 

MRSD. Almost 90% of the studies published from 2011 to 

2013 clearly indicated which method was used to determine 

the MRSD, whereas only half of the studies published before 

2007 did (Table 1). The MABEL- or MED-based approach 

was used more frequently in 2011–2013 than in 1990–2007 

(31.6% vs 6.3%, Table 1). Notably, the MABEL-based 

approach was not used until 2005 (Table S1; Figure 3). 

In contrast, the proportions of the other MRSD determi-

nation methods, particularly the model-based approach, 

did not appear to change much over the entire period of 

1990–2013. Collectively, MRSD determination method 

varied significantly by publication year (P=0.036, Table 1), 

whereas therapeutic area or antibody type was not signifi-

cantly associated with the choice of MRSD determination 

method (P=0.995 and 0.982, respectively, Table 1).

Safety factor and consequence of MRSD 
determination method
The median safety factor was numerically much lower for 

the MABEL- or MED-based approach than for the other 

approaches, although this difference failed to reach statisti-

cal significance (10 vs 32.2–53, P=0.416, Table 2). Fourteen 

studies (17.7%) indicated that the first dose was safe, in which 

the MRSD was determined by the NOAEL-based (n=6) and 

the MABEL- or MED-based approaches (n=6). Only one study 

reported the first dose was not safe, in which the NOAEL was 

the basis for MRSD determination. The mean number of dose 

escalation steps was comparable among the different MRSD 

determination methods (P=0.177, Figure 4).

Discussion
We have found that the NOAEL-based approach was still 

the most commonly used MRSD determination method for 

FIH studies with mAbs, while the model-based approach was 

used far less frequently. Our results showed that more than 

one-third of the FIH studies employed the NOAEL-based 

approach, which was double the number of studies using 

the model-based approach (34.7% vs 16.3%, Figure 2). This 

trend was rather disappointing, given that the usefulness of 

the model-based approach has been repeatedly emphasized 

in determining the MRSD.10–13 For example, a PK–PD 

model derived from cynomolgus monkeys enabled choosing 

0.01 mg/kg as the MRSD for the FIH study with TRC105, an 

antibody with antiangiogenic effect to solid tumors. On the 

basis of the PK–PD model, the MRSD would successfully 

result in concentrations above the dissociation constant for 

the antibody, leading to a pharmacologic effect in humans.14 

However, the infrequent use of the model-based approach 

to determine the MRSD can be attributed to the fact that 

animal data may not be available in sufficient detail to con-

struct a model at the time of the FIH studies with mAbs.2,11,15 

Furthermore, concerns about interspecies differences in 

bioavailability and metabolism could be another factor that 

has prevented the model-based approach from being applied 

more frequently in FIH studies with mAbs.16

Our results also showed that publication year was sig-

nificantly associated with the choice of MRSD determina-

tion method, which was demonstrated in two ways. First, 

the proportion of FIH studies not reporting the MRSD 

determination method fell sharply to 10.5% in 2011–2013 

Figure 2 Overall proportion of the MRSD determination method in the first-in-
human studies with monoclonal antibodies.
Note: The model-based methods included PK model-based, PD model-based, and 
PK–PD model-based approaches.
Abbreviations: MABEL, minimal anticipated biological effect level; MED, minimum 
effective dose; MRSD, maximum recommended starting dose; NOAEL, no observed 
adverse effects level; PAD, pharmacologically active dose; PD, pharmacodynamics; 
PK, pharmacokinetic.
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from 42.9% in 2008–2010 and 50.0% in 1990–2007 (Table 1; 

Figure 3). It is encouraging that more FIH studies started 

reporting the MRSD determination method because this not 

only indicates increased transparency, but also it may allow 

for evaluating whether a certain type of MRSD determina-

tion method was useful or not in a particular study setting. 

Second, the MABEL- or MED-based approaches were more 

frequently used in 2011–2013 (31.6%) than in 1990–2007 

(6.2%) and 2008–2010 (10.7%, Table 1). In particular, the 

first MABEL-based FIH study with mAbs was published in 

2005, followed by another in 2007 and six during 2010–2013 

(Table S1). This sharp increase during the latest period cer-

tainly reflects the impact of the tragic TGN1412 incident and 

the EMA guidance that followed the incident, which strongly 

recommended the use of the MABEL-based approach to 

determine MRSD.8,17 This trend is expected to continue in 

Table 1 Publication year, therapeutic area, and antibody type by MRSD determination method

Factor NOAEL-based  
approach

MABEL- or MED- 
based approach

PAD-based  
approach

Model-based  
approach*

Not  
reported

Total P-value#

Publication year ,0.05
1990–2007 4 (12.5%) 2 (6.2%) 7 (21.9%) 3 (9.4%) 16 (50.0%) 32 (40.5%)
2008–2010 8 (28.6%) 3 (10.7%) 2 (7.1%) 3 (10.7%) 12 (42.9%) 28 (35.4%)
2011–2013 5 (26.3%) 6 (31.6%) 4 (21.1%) 2 (10.5%) 2 (10.5%) 19 (24.1%)

Therapeutic area 0.995
Oncology 9 (21.9%) 4 (9.8%) 8 (19.5%) 5 (12.2%) 15 (36.6%) 41 (51.9%)
Immunology 3 (21.4%) 3 (21.4%) 1 (7.1%) 1 (7.1%) 6 (43.0%) 14 (17.7%)
Infection 2 (20.0%) 1 (10.0%) 2 (20.0%) 1 (10.0%) 4 (40.0%) 10 (12.7%)
Others 3 (21.4%) 3 (21.4%) 2 (14.3%) 1 (7.1%) 5 (35.8%) 14 (17.7%)

Antibody type 0.982
Murine 0 (0.0%) 1 (25.0%) 1 (25.0%) 1 (25.0%) 1 (25.0%) 4 (5.1%)
Chimeric 1 (10.0%) 1 (10.0%) 2 (20.0%) 1 (10.0%) 5 (50.0%) 10 (12.7%)
Humanized 6 (21.4%) 4 (14.3%) 4 (14.3%) 2 (7.1%) 12 (43.0%) 28 (35.4%)
Fully human 9 (25.7%) 5 (14.3%) 6 (17.2%) 4 (11.4%) 11 (31.4%) 35 (44.3%)
Others 1 (50.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (50.0%) 2 (2.5%)

Total 17 (21.5%) 11 (13.9%) 13 (16.5%) 8 (10.1%) 30 (38.0%) 79 (100%)

Notes: The row percent is shown except for the total, in which the column percent is displayed. *The model-based methods included the PK model-based, PD model-based, 
and PK–PD model-based approaches. #P-values from Fisher’s exact test.
Abbreviations: MABEL, minimal anticipated biological effect level; MED, minimum effective dose; MRSD, maximum recommended starting dose; NOAEL, no observed 
adverse effects level; PAD, pharmacologically active dose; PD, pharmacodynamic; PK, pharmacokinetic.

Figure 3 Yearly trend of the MRSD determination methods in the first-in-human studies with monoclonal antibodies (1990–2013).
Note: The model-based methods included the PK model-based, PD model-based, and PK–PD model-based approaches.
Abbreviations: MABEL, minimal anticipated biological effect level; MED, minimum effective dose; MRSD, maximum recommended starting dose; NOAEL, no observed 
adverse effects level; PAD, pharmacologically active dose; PD, pharmacodynamics; PK, pharmacokinetic.
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the future given the heightened concern about the potential 

safety issues of biological agents including mAbs. However, 

the MABEL-based approach requires extensive knowledge 

regarding the pharmacological mechanisms and their integra-

tion, preferably via PK–PD modeling.10,18

The present study indicates that the safety factor varied 

widely by MRSD determination method. Namely, the 

MABEL- or MED-based approaches had much smaller 

median values of safety factor than the other MRSD deter-

mination methods (Table 2). The safety factor accounts for 

uncertainties such as potential interspecies differences and 

thereby serves as an additional means of assuring that toxicity 

dose not develop in humans at the first dose in FIH studies.19 

Therefore, smaller safety factors indicated greater confidence 

for human safety at the time of FIH studies.2 The MABEL-

based approach always results in a smaller human equivalence 

dose than the other MRSD determination methods, particularly 

the NOAEL-based approach.20,21 Therefore, the safety factor 

tends to be smaller with the MABEL-based approach than 

with the other methods, as shown in our results.

Although the MABEL-based approach came up with an 

MRSD lower than those derived by the other approaches, 

the average number of dose escalation steps was similar 

(Figure 4). Fewer dose escalation steps indicated more effi-

cient FIH studies. Therefore, the MABEL-based approach did 

not appear to be inferior to the other MRSD determination 

methods. Furthermore, more than half (6/11=54.5%) of the 

papers that employed the MABEL-based approach explicitly 

indicated that the first dose was safe, which was almost 20% 

points higher than that with the NOAEL-based approach 

(6/17=35.3%). Of course, this interpretation needs caution 

because .80% of the papers did not explicitly mention about 

the safety results after the first dose.

The major limitation of the present study was the possibility 

of misclassifying MRSD determination method, particularly 

between the model- and MABEL-based approaches. Because 

the EMA guidance suggests that

all information available from PK/PD data … wherever pos-

sible … should be integrated in a PK/PD modeling approach 

for the determination of the MABEL (emphasis added)

some FIH studies classified as using the model-based 

approach had, in fact, used the MABEL-based approach. 

However, this possible misclassification was very unlikely to 

influence our final conclusion because only a small number of 

FIH studies (n=8, 10.1%, Table 2) were classified as model-

based. Another limitation was that the MRSD determination 

method was not identifiable in 30 (=38%) FIH studies with 

mAbs because the authors did not report which method was 

used. Although our study database was constructed by a 

thorough literature search, further studies are warranted to 

circumvent this type of publication bias.22

Conclusion
We anticipate that the MABEL-based approach will be more 

frequently used in FIH studies with mAbs in the future, 

Table 2 Safety factors by MRSD determination method

Factor NOAEL-based  
approach (n=14)

MABEL- or MED- 
based approach (n=8)

PAD-based  
approach (n=3)

Model-based  
approach (n=3)

P-value*

Safety factor# 41.5 (3.2–1,290) 10 (1–400) 32.2 (2–322) 53 (6.5–300) 0.416

Notes: *P-value from Kruskal–Wallis test. #The median (range) is presented. The model-based methods included the PK model-based, PD model-based, and PK-PD model-
based approaches.
Abbreviations: MABEL, minimal anticipated biological effect level; MED, minimum effective dose; MRSD, maximum recommended starting dose; NOAEL, no observed 
adverse effects level; PAD, pharmacologically active dose; PD, pharmacodynamics; PK, pharmacokinetic.

Figure 4 Number of dose escalation steps by the MRSD determination method in 
the first-in-human studies with monoclonal antibodies.
Notes: The line across each box, the top edge, and the bottom edge represent the 
median (solid line), the mean (short dash), the first quartile, and the third quartile, 
respectively (for the MABEL- or MED-, PAD-, and model-based approaches, the 
median values were the same as the first quartile values). The horizontal lines 
connected to the whiskers extending from the box denote the minimum and 
maximum values, respectively. The filled circles () indicate outliers, which are 
defined as either values less than the first quartile minus 1.5 times the interquartile 
range or values greater than the third quartile plus 1.5 times interquartile range. The 
model-based methods included the PK model-based, PD model-based, and PK–PD 
model-based approaches.
Abbreviations: MABEL, minimal anticipated biological effect level; MED, minimum 
effective dose; MRSD, maximum recommended starting dose; NOAEL, no observed 
adverse effects level; PAD, pharmacologically active dose; PD, pharmacodynamics; 
PK, pharmacokinetic.
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while the NOAEL-based approach is still likely to be the 

most commonly used method. The MABEL-based approach 

appears to be safer and as efficient as the other MRSD deter-

mination methods for achieving the objectives of FIH clinical 

trials faster. To the best of our knowledge, this is the first 

report showing the rapid acceptance of the MABEL-based 

approach in FIH studies with mAbs, reinforcing the impact of 

the EMA guidance. Our study can also illuminate the trends 

of the choice of MRSD determination methods, which may 

contribute to a safer design and conduct of FIH studies with 

mAbs in humans.
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