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Conclusions This current MBMA identified docetaxel 
dose–response relationships for both neutropenia and ORR, 
an effect of age on ORR, and Japanese study effects on 
both neutropenia and OS.
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Introduction

Lung cancer is currently the leading cause of cancer deaths 
worldwide. Non-small-cell lung cancer (NSCLC) accounts 
for the majority of lung cancer cases [1]. Though improve-
ments in the first-line treatment of patients with advanced 
NSCLC have resulted in longer survival time and reduced 
disease-related symptoms, nearly all patients experience 
disease progression. Docetaxel, in addition to pemetrexed 
and erlotinib, is approved for use in the second-line set-
ting [2] and is used as a comparator in second-line NSCLC 
studies. Meta-analysis of docetaxel in second-line NSCLC 
allows us to leverage these data for trial design and study 
result interpretation [3].

The primary mechanism of action for docetaxel involves 
stabilization of microtubules and ultimately disruption 
of cell division. The indiscriminate action of docetaxel 
on both proliferating cancer and normal cells, including 
those of the bone marrow, leads to a dose-limiting toxic-
ity of neutropenia [4]. Cross- and within-study evaluations 
suggest dose- and/or exposure-related efficacy and toler-
ability for docetaxel. The risk of progression was found to 
decrease with first-course docetaxel exposure in NSCLC 
[5], and breast cancer patients receiving higher doses of 
docetaxel were reported to achieve more favorable tumor 
response [6]. Additional reports suggest dose may impact 
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the mechanism of action for docetaxel; continued low-dose 
administration of taxanes may also result in an anti-angio-
genic effect [7]. Both empirical and semi-mechanistic phar-
macokinetic/pharmacodynamic (PK/PD) models suggest 
a decrease in neutrophil count over a range of increasing 
docetaxel exposure [8, 9].

Meta-analysis is a formal analytical method that can be 
used to integrate data from various studies to systematically 
assess the results of a body of research [10]. Traditional 
meta-analysis methods have been used to compare efficacy 
and safety outcomes in second-line treatment of patients 
with advanced NSCLC with docetaxel alone or in combina-
tion. Shen et al. [11] analyzed nine randomized controlled 
clinical trials (RCTs) comparing cisplatin plus vinorelbine 
or cisplatin plus docetaxel, showing the docetaxel combina-
tion to have improved tumor response rate, two-year sur-
vival, and safety (lower leucopenia, anemia, and vomiting) 
over the vinorelbine combination. Di et al. [12] analyzed 
six RCTs to compare efficacy and safety of pemetrexed 
versus docetaxel, identifying little difference in terms 
of efficacy, but lower rates of grade 3/4 febrile neutrope-
nia, neutropenia, leukocytes, diarrhea, and alopecia, and 
higher rates of thrombocytopenia for pemetrexed. Li et al. 
[13] included 14 RCTs in a meta-analysis to compare the 
effects of combining targeted therapies with pemetrexed or 
docetaxel as a second-line treatment for advanced NSCLC 
patients. While, overall, combined therapy did not improve 
overall survival (OS), a subanalysis revealed a significant 
increase in OS in patients with non-squamous NSCLC who 
received combination therapy. Des Guetz et al. [14] and Qi 
et al. [15] both used meta-analysis of summary-level data 
to compare single-agent versus doublet chemotherapy. 
Though Qi et al. focused on docetaxel-containing therapy 
rather than all third-generation agents in the elderly as Des 
Guetz et al., both researchers concluded that doublets sig-
nificantly improved overall response rate (ORR), but not 
OS.

Meta-analyses by Di Maio et al. [16–19] have used indi-
vidual patient data (IPD) to identify prognostic factors in 
second-line treatment of advanced NSCLC and evaluate 
other aspects of therapy. A meta-analysis of individual data 
from 1197 patients in nine RCTs identified prognostic fac-
tors that could be used to categorize patients based on sur-
vival probability [18]. These prognostic factors included 
gender, performance status (PS), histology, stage, previ-
ous use of platinum, and response to first-line therapy. The 
prognostic score was subsequently validated using an exter-
nal dataset using individual patient data from a non-infe-
riority phase III trial comparing vinflunine and docetaxel 
[19]. With the added support of the external validation of 
the prognostic score, this analysis could be considered a 
reference source for factors influencing survival in second-
line treatment of advanced NSCLC.

Since individual studies suggest a relationship between 
docetaxel dose and both efficacy and tolerability, there is 
a rationale to consider a possible dose effect in addition to 
other potentially important covariates on endpoints of inter-
est. While the aforementioned meta-analyses identified 
important trends and prognostics for docetaxel safety and 
efficacy, they did not explicitly consider dose or estimate 
a dose effect. The model-based meta-analysis (MBMA) 
is well-suited for this application as explicit provisions 
for dose are incorporated in the analysis [3]. MBMA for 
dose–response analysis in oncology trials has rarely been 
reported, potentially due to significant heterogeneity across 
trials. A previous study by Lu et al. [20] used MBMA to 
correlate paclitaxel exposure with efficacy and tolerability 
endpoints; this report uses similar methods to analyze sum-
mary-level data for docetaxel monotherapy in second-line 
NSCLC.

Materials and methods

Literature search

The data were extracted from a docetaxel monotherapy 
Clinical Trial Database developed by Quantitative Solu-
tions Inc. The database development was done system-
atically, based on relevant identification, screening, and 
assessment steps described in the Cochrane Handbook for 
Systematic Reviews of Interventions [21] and reporting 
items in the PRISMA statement [22]; a flow diagram is 
provided in Supplementary Figure 1. The literature search 
was conducted on August 6, 2013, on the online PubMed 
database (http://www.ncbi.nlm.nih.gov/pubmed/), using 
the following search terms: docetaxel AND ((second‐line) 
OR (refractory) OR (relapsed) OR (salvage) OR (previ-
ously treated)) AND non‐small cell lung cancer AND 
(English[language]) NOT (review[publication type]). Of 
these, 52 were non‐duplicated clinical trials with relevant 
efficacy and safety information including docetaxel mono-
therapy treatment arms. Six studies were removed due to 
low quality or unmet inclusion criteria. The final database 
included 46 trials and 57 trial arms, with summary-level 
data for 6085 patients. Study, patient, and treatment infor-
mation, and efficacy and safety results were extracted from 
each publication’s tables, figures, and text. OS curves were 
digitized using Engauge Digitizer, version 4.1©.

MBMA of docetaxel in NSCLC

Exploratory analysis of endpoints

Exploratory graphical analysis identified potential rela-
tionships between dose or covariates and efficacy and 
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safety endpoints, and identified potential outliers and data 
errors. Efficacy endpoints included ORR and OS. Neutro-
penia was the safety endpoint. Each endpoint (excluding 
those based on Kaplan–Meier representations) was plotted 
against nominal and actual docetaxel dose (mg/m2), doc-
etaxel dose intensity (mg/m2/week), and cumulative dose 
(mg/m2). Covariate–response relationships were examined 
for median age, gender, treatment cycle length, regimen 
length, median weeks of treatment, median weeks of fol-
low‐up, performance status (PS), tumor stage, histology, 
prior treatment line (first line or second line), prior treat-
ment type (taxane, platin, etc.), and response to first‐line 
treatment. Kaplan–Meier OS curves were assessed visually 
by different doses, regimens, or dose intensities.

Neutropenia and ORR

Neutropenia and ORR were modeled using logistic regres-
sion to describe the probability (Pr) of neutropenia (% of 
subjects with grade 3 or 4 neutropenia) or response (% of 
subjects with overall response). The impact of docetaxel 
exposure and covariates of interest on the probability of 
each endpoint was modeled using the inverse logit function:

In Eq. 1, the number of patients with an event in treatment 
arm j of trial i (Nevent,ij) is described by a binomial distri-
bution that is a function of the sample size (Nij) and the 
probability of an event (Pr(event)ij). The probability of an 
event was modeled as an inverse logit of the intercept for 
the ith study and a linear combination of docetaxel expo-
sure and/or covariates (f(θki)). The variance of the residuals 
was modeled as a function of the variance of the estimated 
probability. Random effects (inter‐trial variability) were 
evaluated on the intercept of any relationship with doc-
etaxel exposure where possible. If fewer than 20 % of arms 
were missing a covariate value, the values in missing arms 
were imputed first based on the most similar study with a 
non-missing value or as the median across the remaining 
studies in the database if no similar study could be iden-
tified. For the neutropenia and ORR analyses, data were 
complete for the relevant covariate effects. For the OS 
curve analysis, some imputations were required. For the 
Japanese studies, any missing covariates (one instance each 
for Takeda [23] and Maruyama [24]) were imputed from 
the remaining Japanese studies.

The neutropenia and ORR models were developed by 
identifying a base model describing each endpoint as a 
function of docetaxel exposure and/or regimen, then iden-
tifying covariates that significantly improved the over-
all fit as assessed by Akaike Information Criterion (AIC). 

(1)
Nevent,ij ∼ binomial

(

Pr (event)ij,Nij

)

Pr (event)ij = invlogit(intercepti + f (θki))

Metrics of docetaxel exposure included actual and nominal 
dose, cumulative dose, and dose intensity (in mg/m2/week). 
Covariates were selected based on significant (p < 0.05) 
univariate relationships with inter‐trial variability. Simu-
lated dose response curves with 95 % PIs were compared 
to observed data. The 95 % PI of each plot was obtained by 
simulating 1000 trials with both inter‐ trial variability and 
model parameter uncertainty.

Nonlinear mixed-effects model in Splus® Professional 
version 8.2 (TIBCO Software Inc. Seattle, Washington) 
was used for model development. Exploratory plots, model 
evaluation, and diagnostic plots were also created using 
Splus®.

Overall survival

OS was modeled based on a reference survival curve 
extracted from a meta‐analysis of individual‐level sur-
vival data for second‐line NSCLC (“Di Maio meta‐
analysis”) [18]. In the analysis of the NSCLC docetaxel 
database with Kaplan–Meier curves for OS, the haz-
ard ratios reported by the Di Maio meta‐analysis estab-
lished a “base model” to describe the variability due to 
the benchmarked prognostic factors which included sex, 
performance status, tumor stage, histology, platin first‐
line treatment, and response to first‐line treatment. After 
applying the base model, the remaining covariates were 
explored to identify additional sources of variability in 
OS in the database.

Overall survival was described by the reference survival 
curve and the total hazard ratio (Eq. 2), where HR is a func-
tion of the prognostic factors and published hazard ratios 
from the Di Maio meta‐analysis, and SREF is a nonparamet-
ric reference survival curve, with one parameter estimated 
per time point.

The reference survival curve was evaluated by comparing 
the predictions from the model to the observed published 
survival curves from the Di Maio meta‐analysis.

Additional covariates were tested. OS for each trial (Si) 
was described by Eq. 3, where HR is the hazard ratio for 
prognostic factors from Di Maio meta‐analysis, LRRtyp is 
the typical log relative risk, which represents the bias in 
the model, and ηi is a random effect describing the remain-
ing inter‐trial variability, covi is an additional covariate 
not included in the prognostic factors, and θ describes the 
effect of each covariate on OS. Parameters were estimated 
by modeling conditional survival [Δ(tj)].

(2)S(t) = SREF(t)
HR

(3)

Si
(

tj
)

= SREF
(

tj
)

∗ exp
[

log(HR)+ LRRtyp + θ ∗ covi + ηi
]

�
(

tj
)

=
[

Si
(

tj−1

)

− Si
(

tj
)]/

Si
(

tj−1

)
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Covariates were screened for significant (p < 0.05) correla-
tions with trial variability. Covariates included metrics of 
docetaxel exposure, regimen, and population characteris-
tics excluded from the list of benchmark prognostic factors. 
Missing covariates were imputed from the remaining stud-
ies. For each study missing one or more values, the miss-
ing values were imputed based on studies conducted by 
the same researchers or at the same center where possible. 
When no relevant studies could be identified, the median of 
the remaining studies was applied. Covariates with missing 
values were imputed if values were missing for fewer than 
20 % of study arms.

The reference curve was modeled using a nonlinear gen-
eralized least-squares model (gnls) in Splus®. The MBMA 
of Kaplan–Meier survival curves from the docetaxel data-
base was completed using Splus® and NONMEM 7.2. 
Exploratory plots, model evaluation, and diagnostic plots 
were also created using Splus®.

Results

Literature database

The docetaxel database included unique phase I—III trials 
from 46 publications, encompassing 57 treatment arms and 
trial summary information for 6085 patients. Thirty of the 
46 trials were randomized, though for many only a single 
docetaxel monotherapy arm was available. Thirty-seven 
arms included 4891 patients who received docetaxel once 
every three weeks (Q3W), 3 arms with 158 patients who 
received docetaxel once every 2 weeks (Q2W), and 17 
arms with 1036 patients who received weekly docetaxel 
(QW), respectively. Nominal docetaxel doses (i.e., the first 
docetaxel dose) ranged from 20 to 100 mg/m2. Neutrope-
nia, ORR, and OS data were reported for 51, 52, and 52 
arms, respectively.

MBMA

Neutropenia model development

Exploratory graphical analyses evaluated potential rela-
tionships between the incidence of grade 3/4 neutrope-
nia and docetaxel exposure metrics, regimen, and several 
covariates; the covariates screened included age, % males, 
cycle length, regimen length, treatment length, follow‐up 
length, performance status (PS 0, 1, or 2), tumor stage 
(stage III or stage IV), histology (adenocarcinoma, squa-
mous, or other), number of prior therapies, type of prior 
therapy (taxane or platin), response to first‐line therapy, 
and study location (Japanese or non‐Japanese). Other 
covariates were included in the database, but were either 

deemed irrelevant or lacked data for more than 20 % of the 
treatment arms.

A base structural model was established describing the 
logit of neutropenia as a linear function of nominal dose. 
Structural models comparing cumulative dose, dose inten-
sity, regimen alone, and dose plus regimen were also evalu-
ated. The structural model with nominal dose alone was 
more predictive of neutropenia than regimen (based on 
Akaike Information Criterion). When the effect of regimen 
was included on top of dose, the regimen effect was neither 
significant nor well estimated.

An exploratory analysis suggested significant relation-
ships with the proportion of male subjects, the proportion 
of subjects with partial response to first‐line treatment, 
and proportion of subjects with other response (non‐par-
tial response or complete response) to first‐line treat-
ment. Stepwise addition of each effect to the base model 
revealed that only the Japanese study effect was significant 
(p < 0.0001). Final model parameters are shown in Table 1; 
the model parameters for grade 3/4 neutropenia indicated a 
5 % increase in the odds of neutropenia with each mg/m2 
increase in dose [odds ratio (OR) 1.05, 95 % CI 1.04–1.06], 
and a Japanese study effect (OR 17.1, 95 % CI 6.05–48.4). 
Figure 1 suggests that the model adequately describes the 
data.

ORR model development

Exploratory graphical analyses evaluated potential relation-
ships between ORR and docetaxel exposure metrics, regi-
men, and covariates. The same set of screened covariates as 
explored for neutropenia (listed above) was again screened 
for ORR.

A base structural model described the logit of ORR as a 
linear function of actual cumulative dose, irrespective of the 
regimen. Relationships between trial variability and each 
covariate were evaluated, revealing median age as the only 
potential covariate. Age was added to the model, and the 
effect was significant (p = 0.0025), with ORR increasing 

Table 1  Model parameter estimates for neutropenia

CI confidence interval; OR odds ratio; SD standard deviation

Description Estimate (95 % CI) OR (95 % CI)

Intercept −4.20
(−4.88 to −3.52)

Japan study effect  
on intercept

2.84
(1.80–3.88)

17.1
(6.05–48.4)

Slope on dose 0.0492
(0.0402–0.0581)

1.05
(1.04–1.06)

Trial variability, SD of ω 0.773
(0.596–1.00)

Residual, σ 1 fixed –
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with age. An interaction between the effects of cumulative 
dose and age was not significant. Final model parameters 
are shown in Table 2. The ORR model included a linear 
function of cumulative dose (0.4 % increase in the odds of 
response per mg/m2 increase in cumulative dose (OR 1.004, 
95 % CI 1.001–1.008) and an effect of median population 
age (OR 1.08 per year, 95 % CI 1.02–1.15). Figure 2 sug-
gests that the model adequately describes the data.

OS model development

Exploratory graphical analyses for OS evaluated the effect 
of docetaxel exposure and dosing regimen; no obvious rela-
tionships were evident. As described in detail elsewhere 
[25], a nonparametric reference survival curve was devel-
oped for the Di Maio analysis described previously in the 
Introduction [18].

Supplementary Figure 2 shows the estimated reference 
curve. The fit was also evaluated by using the model to pre-
dict each prognostic factor’s impact on OS as identified by 
the Di Maio meta‐analysis. Supplementary Figure 3 sug-
gests that the model is a satisfactory representation of the 
Di Maio analysis.

The Di Maio reference model was next applied to the 
docetaxel NSCLC database to estimate the inter‐trial vari-
ability not explained by the benchmark prognostic factors. 
Although response to first‐line treatment was one of the 
prognostic factors in the Di Maio model, 18 of the 52 arms 
in the database lacked data for this factor; hence, the fac-
tor was excluded from the nonlinear mixed-effects (nlme) 
analysis. Table 3 shows the parameter estimates from the 
base and final models. To estimate inter‐trial variability, the 
benchmark prognostic factors were fixed at the values from 
the Di Maio model. In both the base and final models, the 
95 % CI for the estimate of bias (θ1) includes zero, indicat-
ing no significant bias in the estimate of relative risk.

When correlations between trial variability and the 
remaining covariates (docetaxel exposure, Japanese study 
effect, treatment length, age, response to first‐line treat-
ment, and regimen) were evaluated for the base model, 
only nominal dose intensity (p = 0.031) and a Japanese 
study effect (p = 0.0069) were significant. Figure 3 sug-
gests that the significant relationship with nominal dose 
intensity was likely due to the three Japanese studies. Once 
the effect predicting improved OS for subjects in Japanese 
studies was added to the model, the relationship with dose 
intensity was not significant. With the inclusion of the Japa-
nese study effect, the estimated trial variability decreased 

Fig. 1  Observed data with 
neutropenia model fit. The 
figure shows the observed data 
and the 95 % prediction interval 
(PI) of the model including trial 
variability. Symbol colors vary 
by regimen, and line colors vary 
by model fit with and without 
Japanese study effect (red with 
Japanese study effect). Dashed 
vertical lines are 95 % PIs 
calculated for each observed 
incidence based on the normal 
approximation of the binomial 
distribution. Doses are “jittered” 
for visibility
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Table 2  Model parameter estimates for overall response rate

CI confidence interval; OR odds ratio; SD standard deviation

Description Estimate (95 % CI) OR (95 % CI)

Intercept −7.98
(−11.8 to −4.11)

Slope on cumulative dose 0.00426
(0.00105–0.00748)

1.004
(1.001–1.008)

Age 0.0773
(0.0171–0.137)

1.080
(1.02–1.15)

Trial variability, SD of ω 0.257
(0.121–0.545)

–

Residual, σ 1 fixed –
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Fig. 2  Observed data with 
ORR model fit as a function 
of cumulative dose. The figure 
shows the observed data and 
the 95 % prediction interval 
(PI) of the model including trial 
variability. Symbol colors vary 
by regimen. Dashed vertical 
lines are 95 % PIs calculated for 
each observed incidence based 
on the normal approximation of 
the binomial distribution. The 
model fit and PI are predicted 
at the population median age of 
60 years
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Table 3  Model parameter 
estimates for overall survival

OR odds ratio; SE standard error; OFV objective function value; NA not applicable; CV coefficient of vari-
ation

Variable Covariate Base model Di Maio meta‐
analysis factors only

Final model Di Maio meta‐anal-
ysis +additional covariates

Gender 0.207 FIXED 0.207 FIXED

Performance status 1 0.307 FIXED 0.307 FIXED

Performance status 2 1.10 FIXED 1.10 FIXED

Tumor stage IV 0.247 FIXED 0.247 FIXED

Squamous Histology 0.166 FIXED 0.166 FIXED

Other histology 0.399 FIXED 0.399 FIXED

Platin‐based first‐line therapy 0.399 FIXED 0.399 FIXED

No OR to first‐line therapy NA NA

θ1 Bias, estimate (SE) −0.0199 (0.0431) 0.0128 (0.0411)

θ2 Japanese (SE) – −0.430 (0.128)

η1 Variability, trial heterogeneity 23.5 % CV 20.7 % CV

OFV 28485 28478

Fig. 3  Relationships between 
trial variability and dose 
intensity (a) or Japanese study 
effect (b) for overall survival 
(OS). The three Japanese stud-
ies are highlighted with orange 
symbols in (a)
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from 23.5 % in the base model to 20.7 % in the final model. 
Figure 4 suggests the survival curves are well described by 
the model.

Discussion

This MBMA identified dose–response relationships for 
neutropenia and ORR, an age effect on ORR, and Japanese 
study effects on both neutropenia and OS. By integrating 
data from over 46 trials, with varying doses, dosing sched-
ules, and population characteristics (e.g., age, study loca-
tion), this MBMA provides a more complete picture than 
traditional summary-level meta-analyses by including the 
impact of trial-level covariate relationships on treatment 
effects and accounting for additional unexplained between-
trials variability via random-effects models.

The analysis of grade 3/4 neutropenia suggested a sig-
nificant relationship with docetaxel dose, in addition to a 
Japanese study effect on the baseline rate of neutropenia. 
Successive iterations of a semi-mechanistic myelosuppres-
sion model [9] have been applied to longitudinal neutrophil 
count data following docetaxel administration. A relatively 
recent iteration of the myelosuppression model [26] with 
sigmoid Emax drug effect and high Hill coefficient (~10) 
is well suited to capturing neutrophil count at nadir, sug-
gesting that a combination of schedule and/or dose that 
minimizes time above the corresponding EC50 estimate 
(~1 μM) may reduce neutropenia incidence. Comparing 
docetaxel QW to Q3W in five RCTs inadequately pow-
ered to detect a difference, Di Maio et al. [17] identified 
significantly less grade 3/4 neutropenia and febrile neutro-
penia with QW docetaxel. Exploratory analysis of the cur-
rent NSCLC database revealed a potential relationship with 
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Fig. 4  A sample of survival curves by trial with trial-level (green) and population-level (red) predictions. Symbol size is proportional to square 
root of the number of subjects surviving at each time point
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regimen; once dose was accounted for, no statistically sig-
nificant effect of regimen was found. The Di Maio result 
is based on five RCTs comparing QW (33–40 mg/m2) and 
Q3W (66 and 75 mg/m2) regimens available at the time of 
analysis, and did not evaluate the effect of dose. A previous 
paclitaxel MBMA [20] also failed to identify regimen as a 
significant covariate for neutropenia in cancer patients once 
dose was included in the model, due to differences in dose 
intensity between QW and Q3W schedules. Although our 
docetaxel database includes a wider range of dose inten-
sity than the paclitaxel database, and more overlap in the 
range of dose intensities for each schedule, the larger vari-
ability in neutropenia in Q3W trial arms is likely a greater 
impediment to detecting differences in neutropenia for 
Q3W over QW at a similar dose level. Additionally, it is of 
note that information on granocyte-colony-stimulating fac-
tor (GCSF) administration was not routinely reported for 
the studies included in our analyses; however, of the studies 
that did provide the information, most did not allow pro-
phylactic use of GCSF prior to a neutropenic event. Thus, 
for most studies included in our analysis, GCSF adminis-
tration would have little or no impact on the reported rates 
of neutropenia.

The Japanese study effect on neutropenia identified by 
the current analysis is consistent with the known higher 
risk of toxicity in Asian subjects leading to reduced doses 
in these subjects [27]. The NSCLC docetaxel database 
includes two studies in Taiwan [28, 29] and in China [30, 
31], one study in Thailand [32], and three studies in Japan 
[23, 24, 33]. In addition to the expected increased toxic-
ity risk in Asian subjects, our analysis suggests a larger 
increase in neutropenia in subjects in Japanese studies. The 
estimated odds ratio suggests a 17-fold increase in the base-
line rate of neutropenia in Japanese studies. For the recom-
mended dose of 60 mg/m2 dose of docetaxel in Japan, the 
expected increase in the rate of neutropenia in a Japanese 
study subject is about fourfold over a non-Japanese study 
subject. Due to insufficient data, we were unable to deter-
mine whether Japanese studies have a higher baseline rate 
of neutropenia, or if the increase in neutropenia for a given 
dose increase is larger in Japanese studies. A further con-
sideration is that neither docetaxel exposure nor significant 
covariates affecting docetaxel exposure (i.e., α1-acid glyco-
protein level, hepatic function, age, and body surface area 
as per a recent prospective population pharmacokinetic 
analysis [34]) were available to be included in the model; 
given the known relationship of hematological toxicities 
with docetaxel exposure, this is a possible limitation with 
our analysis. Also, given the limited data, inferences about 
the Japanese study effect at other doses or dosing frequen-
cies may be more uncertain.

Our analysis also identified a relationship between 
ORR and actual cumulative dose and median population 

age, suggesting that ORR increases with age. In a mixed 
population of first-line and previously treated subjects 
(~42 % second line), Pallis et al. [35] found no significant 
difference in response rate or OS between patients of age 
<70 years versus patients of age ≥70 years. While our anal-
ysis evaluated the effect of a continuous age ranged from 
56.5 to 74 years, the overall median age in our database 
was 60 years, including only one observation with median 
age >70 years. Only two of the Japanese studies in the data-
base reported ORR [24, 33]; thus, no Japanese study effect 
was evaluated in our analysis of ORR.

For OS, our analysis was built upon a previous meta-
analysis which identified prognostic factors for patients 
with advanced NSCLC eligible for second-line treatment 
[18]. Since a central component of our analysis was based 
on the hazard ratios estimated by Di Maio, its strength 
depends on the validity of their results. An external valida-
tion of the Di Maio prognostic score was completed with 
data from a non-inferiority phase III trial comparing vin-
flunine and docetaxel [19]. Application of the prognostic 
score allowed identification of patient subgroups with sig-
nificant differences detected in survival between the prog-
nostic categories, confirming the validity of the Di Maio 
prognostic model.

After applying prognostic hazard ratios from the Di 
Maio meta-analysis, our analysis identified a Japanese 
effect accounting for additional variability in OS in the 
docetaxel literature database. Effects of dose and regimen 
were not significant. The Di Maio meta-analysis included 
data from one Japanese study available at the time of their 
search [18]; hence, the effect of Japanese race was not 
evaluated in their study. Asian ethnicity has, however, been 
noted as a prognostic factor of OS in a separate model-
based assessment of a single phase III study in NSCLC 
patients [36]; though docetaxel was not administered in 
this study, a model-based evaluation of first-line NSCLC 
patients receiving motesanib in combination with carbo-
platin/paclitaxel suggested Asian ethnicity, in addition 
to baseline tumor size, smoking history, and log (time to 
tumor regrowth) were significant prognostic factors of OS.

A similar model-based meta-analysis of the dose–
response relationship between paclitaxel dosing regimen 
and ORR, OS, and neutropenia found that average dose 
(intensity) is predictive of ORR and OS, while neutrope-
nia rates are predicted by administered dose [20]. Addition-
ally, regimen effects were detected for both safety and effi-
cacy for paclitaxel monotherapy in breast cancer patients. 
Since a limited number of covariates were evaluated, the 
authors caution that the lack of significant covariates other 
than dosing frequency may limit the interpretability of their 
results.

Most covariates included in the docetaxel database and 
previously identified as prognostic factors of OS [18] were 
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consistently reported in the literature. For neutropenia and 
ORR, only regimen length, median weeks of follow-up, 
and prior treatment type were excluded from our analy-
ses due to lack of data. For OS, the percentage of subjects 
responding to first-line treatment was the only prognos-
tic factor excluded from the analysis due to missing data. 
A sensitivity analysis in the subset of trial arms including 
these data revealed no statistically significant relation-
ship. Though additional unknown or inadequately reported 
covariates likely contribute to trial heterogeneity, the covar-
iates evaluated herein are generally reflective of covariates 
impacting the efficacy and safety of docetaxel.

Since dose is explicitly included in the docetaxel 
MBMA, we can further speculate regarding any clinical 
benefit that might result from modified dosing in second‐
line NSCLC. The finding that neutropenia and ORR trend 
with nominal and cumulative dose, respectively, suggests 
that there may be opportunities for further navigating the 
putative therapeutic window for docetaxel. For example, 
these results suggest that starting patients at a reduced 
nominal dose may result in enhanced tolerability with a 
possibly greater fraction of patients who may achieve a 
given cumulative dose relative to a higher nominal dose 
(due to dose reductions and delays for the higher dose). For 
example, a recent study in NSCLC suggested a low-dose 
regimen of docetaxel of 25 mg/m2 QW was both well-toler-
ated and with a response rate that was similar to the stand-
ard 75-mg/m2 Q3W regimen [37].

This analysis leverages literature data to inform drug 
development for second‐line NSCLC. MBMA revealed 
dose–response relationships for neutropenia and ORR, 
and identified important population characteristics that 
influence response for the three endpoints examined. The 
most immediate application of these findings would be to 
support a trial design, benchmark single‐arm docetaxel 
combination studies, and normalize results for patient 
prognostic factors in support of accelerated approval of 
new therapies. A potential future application would be to 
leverage the MBMA to further explore alternate dosing 
for docetaxel in second‐line NSCLC which is better toler-
ated and possibly more effective than current standards of 
care.
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