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Low initial trough concentration of rituximab is associated
with unsatisfactory response of first-line R-CHOP treatment in
patients with follicular lymphoma with grade 1/2
Shu Liu1,2, He Huang2, Rong-xin Chen3, Zhao Wang2, Yan-ping Guan4, Chen Peng5, Xiao-jie Fang2, Zhuo-jia Chen2, Shao-xing Guan1,
Xia Zhu1, Quan-guang Ren2, Yu-yi Yao2, Hong-bing Huang2, Min Huang1, Xue-ding Wang1 and Tong-yu Lin2

For follicular lymphoma (FL) with grade 1/2, the complete response (CR) rate of the first-line R-CHOP treatment was significantly
low. In this study, we assessed the rationality of the administration of rituximab for FL patients with grade 1/2 based on
concentration–response relationship analyses. Thus, we conducted a prospective pharmacokinetic (PK) study in 68 FL patients with
grades 1–3 treated with R-CHOP at 21-day intervals. Plasma rituximab concentrations were quantified using ELISA and the
population PK modeling was established with Phoenix® NLMETM. The first cycle trough concentration (C1-trough) of rituximab was a
significant independent risk factor for achieving CR in matched-pair logistic regression analysis, rather than the concentrations
in later cycles; the recommendatory minimum optimal C1-trough was 13.60 μg/mL. Patients with grade 1/2 had significantly
lower C1-trough compared with grade 3 (12.21 μg/mL vs. 23.45 μg/mL, P < 0.001), only 30% patients with grade 1/2 could reach
13.60 μg/mL, compared with 91.67% in patients with grade 3, which was in accord with its unsatisfactory CR rates (43.33% vs.
76.32%). The stage indicating the tumor burden (the target) was a crucial influence factor for C1-trough, accounting for 40.70% of its
variability, 70% patients with grade 1/2 were stage IV in this study, since the systemic therapy only started at the disseminated
disease stage. The initial dose of 1800mg was recommended by Monte Carlo simulation for patients with grade 1/2. In summary,
low C1-trough accounted for low-grade FL’s unsatisfactory CR rate, designing the first dosage of rituximab should be a very important
component of individualized therapy for FL.
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INTRODUCTION
Follicular lymphoma (FL) is one of the most common subtypes of
non-Hodgkin lymphoma [1]; histopathologically, FL is stratified
into grades 1–3 according to the proportion of centroblasts. Low-
grade FL (grade 1/2), which includes cases with few centroblasts, is
characterized by slow disease progression and a relatively good
prognosis, but it is usually incurable [2, 3]. Grade 3b FL is
composed entirely of centroblasts and is more closely related to
diffuse large B-cell lymphoma at the molecular level [4–6]. In
addition, according to the National Comprehensive Cancer
Network (NCCN) Guideline, staging for FL was determined by
Lugano modification of Ann Arbor Staging System, which refers to
the severity and extent of the spread of the disease. For patients
with grade 1/2 disease, the asymptomatic stage is best managed
with watchful waiting, and only patients who present with a
disseminated disease (i.e., advanced stage) require systemic
therapy. Guidelines from the NCCN recommend that in patients
with either advanced low-grade or grade 3 FL, rituximab plus

chemotherapy, most often CHOP (cyclophosphamide, doxorubi-
cin, vincristine, and prednisone) repeated every 2 or 3 weeks, is
the first-line standard treatment. However, the response to the
first-line R-CHOP regimen varied greatly for different grades of FL.
Based on clinical trials, the complete response (CR) rates ranged
from 25% to 30% for patients with grade 1/2 FL [7, 8] but could
reach as high as 54%–86% for grade 3 [9, 10].
Rituximab (MabThera®, Rituxan®) is a chimeric human–mouse

anti-CD20 monoclonal antibody that dramatically improves the
survival of patients with non-Hodgkin’s lymphomas [11]. For
patients with FL, rituximab was initially administered as a single
agent at a weekly dose of 375 mg/m2, and a large amount of
pharmacokinetic (PK) data [12] from 166 recurrent or refractory
low-grade non-Hodgkin’s lymphoma patients suggested that at
3 months post treatment, median serum levels in 62 responders
were 25.40 μg/mL compared with 5.90 μg/mL in 42 nonrespon-
ders, and then 25.40 μg/mL is recommended as the minimum
effective concentration for the next 2 years of maintenance
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therapy. In a prospective phase II trial (AGMT-NHL9), 17 patients
with previously untreated FL received R-FC repeated every 28 days,
and the trough concentration of rituximab was also significantly
correlated with remission quality (complete vs. partial remission;
P= 0.005) [13]. All these studies suggested a positive
exposure–response relationship for rituximab, but PK data are
limited in FL patients who received R-CHOP at 21-day intervals,
and the optimal concentration of rituximab in induction therapy
still needs to be identified.
Several studies [11, 14, 15] have suggested that tumor burden

affects the interindividual PK variability of rituximab—those with
greater tumor burdens have lower levels of exposure to rituximab.
In Tout et al.’s study [14], for patients with diffuse large B-cell
lymphoma, rituximab exposure decreased as metabolic tumor
volume increased, and a high area under the curve (AUC) in cycle
1 (≥9400mg·h·L−1) was associated with a better response. The
authors also indicated that the 375mg/m2 classical dose was
suitable for patients with baseline tumor volume < 281 cm3. We
hypothesized that when systemic therapy begins for FL
patients with low-grade FL, the disease is usually at an advanced
stage, and the prevalent high level of tumor burden may lead to
insufficient drug concentration, which may account for the lower
CR rate in patients with low-grade FL than that in patients with
grade 3 FL.
This study was initiated to assess the rationale of the

administration of rituximab for FL patients with grade 1/2 FL
based on concentration–response relationship analyses. We aimed
to provide an optimal dosage regimen of this anti-CD20 antibody
for patients with FL.

MATERIALS AND METHODS
Patients and therapy
Patients older than 18 years with newly diagnosed FL were eligible
to participate. Patients received rituximab at a dose of 375mg/m2

on day 1 of each 3-week cycle in combination with CHOP
chemotherapy, according to the national guidelines for the
treatment of non-Hodgkin lymphoma. The chemotherapy sche-
dules for CHOP are as follows: day 1: cyclophosphamide 750mg/
m2 IV, doxorubicin 50mg/m2 IV, and vincristine 1.4 mg/m2 IV
(maximum 2mg) and days 1–5: prednisone 100 mg po. Whole-
body PET/CT scans are recommended for diagnostic and
treatment workups. Clinical response was evaluated according
to the revised response criteria for malignant lymphoma proposed
by the International Harmonization Project [16]. CR indicated
complete resolution of all measurable and nonmeasurable
diseases, including normalization of previously abnormal bone
marrow biopsies. Bilateral bone marrow aspirations and biopsies
were performed at initial work-up and upon confirmation of
response. The treatment responses were evaluated after the
second, fourth, and sixth courses.
The study was conducted in accordance with Good Clinical

Practice guidelines and the principles of the Declaration of
Helsinki. Ethical approval for this study was obtained from the
ethics committee of the Sun Yat-Sen University Cancer Center (No.
GZR2018–077), and informed consent was obtained from all
subjects before participation. This study is registered with the
Chinese Clinical Trial Registry, number ChiCTR1800017001 (http://
www.chictr.org.cn/index.aspx).

Determination of rituximab concentration
Two samples per cycle were obtained, samples for peak
concentration were collected in the time frame from 15min up
to 3 h after rituximab infusion, and samples for trough concentra-
tion were collected immediately before rituximab infusion in the
next cycle. Plasma concentrations of rituximab were determined
by the Matriks Biotek rituximab (SHIKARI® Q-RITUX) solid phase
enzyme-linked immunosorbent assay. The lowest detectable level

that can be specifically distinguished from the zero standard was
30 ng/mL.
The proportions of CD19+ B cells in peripheral blood were

assessed as a surrogate marker for CD20+ B cells, since their
expression mirrors CD20 expression. Blood samples for CD19+

B-cell counts were collected before the first treatment infusion.
Blood samples were analyzed using a flow cytometry procedure.

Population PK (PPK) model building
PPK analysis was performed using Phoenix NLME (version 1.3;
Certara L.P., St. Louis, MO, USA) Phoenix® WinNonlin 6.4. The
individual PK parameters were simulated using a Bayesian
approach with the PPK model [17–19]. The basic PK parameters
used in this study were volume of distribution for the central
compartment (V, L), clearance of the central compartment
(CL, mL/h) for the one-compartment model or for the two-
compartment model with additional parameters defined as
volume of distribution for the peripheral compartment (V2, L),
and intercompartmental clearance (CL2, mL/h). The criterion for
the estimation of statistical significance was a reduction or
increase in the value of the objective function (OFV; −2log
likelihood). Goodness of fit was evaluated by using diagnostic
scatter plots and two complementary methods: a nonparametric
bootstrap [20] and a visual predictive check (VPC) [19].

Statistical analysis
Statistical analyses were performed using SPSS 22.0 (IBM, Armonk,
NY, USA) and Stata 15.0 (StataCorp LP, College Station, TX, USA),
and the significance level was set at P < 0.05. Comparisons
between groups were analyzed using T tests and χ2 tests. The
influence of a single rituximab concentration on the treatment
response was evaluated using conditional logistic regression,
which has the same philosophy as logistic regression, with the
exception that the estimates are conditional in the matched
groups [21]. The minimum optimal concentration was assessed by
receiver operating characteristic (ROC) analysis and validated
using bootstrap analysis (1000 replicates).

RESULTS
Patient characteristics
A total of 68 FL patients were included in this study, and patient
characteristics at baseline are shown in Table 1. According to the
regimen, each patient was administered 375 mg/m2 rituximab,
and the median dose of rituximab for the patients was 700mg
(range from 500 to 800mg) per cycle. Dose reductions for adverse
reactions were most common for cyclophosphamide (22.06% of
patients) and doxorubicin (17.65% of patients) in the R-CHOP
treatment. The most common reason for dose reductions was
neutropenia. Mean relative dose intensities for individual drugs
were relatively close for patients with grade 1/2, grade 3a, and
grade 3b FL. The CR rates after the second, fourth, and sixth cycles
were 38.24%, 55.88%, and 61.76%, respectively (Table 1).

Rituximab concentrations correlated with response
The plasma concentrations of rituximab quantified before infu-
sions (Ctrough) in each cycle are reported in Table 2. Large
individual variability existed at each time point and could reach
more than 30-fold. The treatment responses were evaluated after
2, 4, and 6 cycles. For CR patients in each evaluation cycle, their
Ctrough in the first cycle (C1-trough) was significantly higher than that
in the non-CR patients (response after cycle 2: 24.61 μg/mL vs.
14.69 μg/mL; cycle 4: 23.81 μg/mL vs. 11.74 μg/mL; cycle 6: 23.13
μg/mL vs. 10.98 μg/mL, all P < 0.001), and the Ctrough in 2–3 cycles
was marginally higher in CR patients than in non-CR patients but
was not different in the subsequent cycles. No difference in peak
concentration between the CR and non-CR groups was observed
in any cycles.
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Matched-pair logistic analysis for concentration and response
Tumor stage and grade are known risk factors for treatment
response, and conditional logistic regression (matched-pair)
analyses were used to determine the relative risk of C1-trough
rituximab for response. The dataset was stratified into four
subsets: low-grade (grade 1/2) patients with stage I/II/III, low-
grade patients with stage IV, 3 grade patients with stage I/II/III, and
3 grade patients with stage IV. The C1-trough was significantly
associated with achieving CR for both response evaluations after
cycle 4 (odds ratio, 0.93; 95% CI, 0.87–0.99; P= 0.027) and after
cycle 6 (odds ratio, 0.91; 95% CI, 0.85–0.98; P= 0.012) for this
dataset. The distributions of the C1-trough in the matched-pair
groups for CR vs. non-CR patients are shown in Fig. 1.

The optimal rituximab concentration
ROC analysis was performed to determine the minimum optimal
rituximab trough concentrations. For cycle 1, the highest cut-off
value of 13.60 μg/mL was recommended with sensitivity and
specificity of 90.50% and 80.80%, respectively, and the area under
the ROC curves was 0.88 (95% CI, 0.79–0.97, P < 0.001). The highest
cut-off values of C1-trough were also calculated for patients with
grade 1/2 and grade 3 FL. For FL patients with grade 1/2 FL, the
highest cut-off value was also 13.60 μg/mL (sensitivity, 69.20%;
specificity, 100%; AUC, 0.85; P= 0.001). Therefore, 13.60 μg/mL
was recommended as the minimum optimal concentration. For
trough concentration in cycle 2, the areas under the ROC curves
were unsatisfactory at 0.56 (P= 0.380).
The threshold value of 13.60 μg/mL was also significantly

associated with achieving CR after cycle 6 in matched-pair logistic
regression analysis (odds ratio, 0.14; 95% CI, 0.04–0.50; P= 0.002),
indicating that if the drug levels exceed 13.60 μg/mL, the risk of
treatment failure would be reduced by 86%.

In this study, the percentage of patients with concentrations
above 13.60 μg/mL was 63.24%, and the CR rates after the second,
fourth, and sixth cycles for those patients were 58.14%, 81.40%
and 88.37%, respectively. The percentages of patients with
concentrations below 13.60 μg/mL was 36.76%, and the CR rates
after the second, fourth, and sixth cycles for those patients were
4.00%, 12.00% and 16.00%, respectively.

Influencing factors of rituximab C1-trough
The correlations between C1-trough and sex, age, BSA, BMI, stage,
initial bone marrow infiltration, beta 2-microglobulin, lactate
dehydrogenase, baseline circulating CD19+ cell proportion, and
hemoglobin were analyzed by linear regression. Only tumor stage
was significantly associated with C1-trough in multiple linear
regressions: C1-trough= 13.07+ 14.20 (Stage I/II)+ 9.12 (Stage III),
and the adjusted R2 was 40.70% (F= 22.30, P < 0.001).
The percentages of patients with concentrations below

13.60 μg/mL in stages I/II, III, and IV were 0%, 17.65% and
61.11%, respectively.

FL grades and rituximab concentration
For FL patients with grade 3a and grade 3b FL, the peak and
trough concentrations in each cycle were similar.
For patients with grade 1/2 FL, the trough concentrations in

cycle 1 were significantly lower than those in patients with grade 3
FL (12.21 μg/mL vs. 23.45 μg/mL, P < 0.001) (Table 2) but were not
different in the subsequent cycles. In the first cycle, only 30%
of patients with low-grade FL could reach the cut-off value of
C1-trough (13.60 μg/mL), compared with 91.67% in patients with
grade 3 FL.
The influence of stage on the C1-trough in patients with different

grades was further analyzed, and the proportions of stage IV

Table 1. Summary of patients’ characteristics at baseline and treatment response.

All Grade 1/2 Grade 3a Grade 3b

Numbers 68 30 (44.12%) 24 (35.29%) 14 (20.59%)

Age (year) 50 (19–75) 52 (27–67) 47 (19–75) 55 (33–73)

Age (year) > 60 18 (26.47%) 6 (20.00%) 5 (20.83%) 7 (50.00%)

Male (sex) 34 (50.00%) 13 (43.33%) 13 (54.17%) 8 (57.14%)

BMI 22.72 (17.30–33.90) 22.64 (17.99–33.90) 22.72 (19.57–33.30) 22.56 (17.30–27.00)

Bulky disease 15 (22.59%) 13 (43.33%) 2 (8.33%) 1 (7.14%)

Hemoglobin (g/L) 128 (84–165) 131 (96–157) 132 (84–165) 118 (88–161)

β2-MG (mg/L) 1.97 (1.10–9.79) 2.22 (1.15–9.79) 1.69 (1.10–5.68) 2.08 (1.16–3.81)

LDH (U/L) 168.80 (92.10–1236.60) 159.90 (92.10–309.60) 163.25 (118.00–800.30) 199.20 (124.00–1236.60)

Circulating CD19+ 10.32 (0.30–46.50) 10.04 (0.30–27.50) 11.04 (1.50–46.50) 7.60 (4.20–33.30)

Follicular lymphoma international prognostic index (FLIPI)

Low risk (0–1) 21 (30.88%) 5 (16.67%) 10 (41.67%) 6 (42.86%)

Intermediate risk (2) 31 (45.59%) 17 (56.67%) 9 (37.50%) 5 (35.71%)

Poor risk (3–5) 16 (23.53%) 8 (26.66%) 5 (20.83%) 3 (21.43%)

Stage

I/II 10 (14.71%) 6 (25.00%) 4 (28.57%)

III 22 (32.35%) 9 (30.00%) 9 (37.50%) 4 (28.57%)

IV 36 (52.94%) 21 (70.00%) 9 (37.50%) 6 (42.86%)

Treatment response (CR rate)

After cycle 2 26 (38.24%) 6 (20.00%) 13 (54.17%) 7 (50.00%)

After cycle 4 38 (55.88%) 11 (36.67%) 16 (66.67%) 11 (78.57%)

After cycle 6 42 (61.76%) 13 (43.33%) 18 (75.00%) 11 (78.57%)

All continuous data are reported with median (minimum–maximum), while categories are reported in numbers (percentages).
BMI body mass index, LDH lactate dehydrogenase, β2-MG β2-microglobulin, Circulating CD19+ the baseline proportion of CD19+ cell to the total number of
lymphocytes in peripheral blood.
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patients with grade 1/2, grade 3a and grade 3b FL were 70%,
37.50% and 42.86%, respectively. For all stage IV patients, the C1-
trough in patients with low-grade disease was significantly lower
than that in patients with grade 3 disease (8.91 μg/mL vs. 18.91
μg/mL, P < 0.001) (Fig. 2).

The recommended dosage calculated by Monte Carlo simulation
Preliminary analysis for the base PPK model showed that the OFVs
for exploration of the one- and two-compartment models were
4702.58 and 4556.29, respectively. The two-compartment model
resulted in a better fit for describing rituximab concentrations,Ta
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Fig. 1 The distributions of C1-trough in the matched-pair groups for
CR vs. non-CR patients. In the matched-pair logistic analysis, the
matching variables included stage (stage I–III and stage IV) and
grade (grade 1/2 and grade 3), so the dataset was stratified into four
subsets: low-grade patients with stage I–III FL, low-grade patients
with stage IV FL, 3 grade patients with stage I–III FL, and 3 grade
patients with stage IV FL. The rituximab trough concentration in the
first cycle was significantly associated with achieving CR for this
dataset (odds ratio, 0.91; 95% CI, 0.85–0.98; P= 0.012).

Fig. 2 The distribution of the rituximab trough concentration in
the first cycle (C1-trough) for patients with different grades. Gray
dots indicate patients with stage I, II, or III disease; black dots
indicate patients with stage IV disease.
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while an additive+multiplicative error model best described the
residual variability. The tumor stage was associated with V2, and
inclusion of stage in the final model was associated with a
decrease in OFV to 4532.38. The VPC of the final model
demonstrated that the DV concentration data were approximately
distributed within the 5th–95th prediction interval. The para-
meters of the final model and 1000 bootstrap replicates are listed
in Table 3.
Different initial dosages of rituximab were simulated using this

PPK model with 1000 replications. For patients with grade 1/2 FL,
the percentages of patients with concentrations greater than
13.60 μg/mL were 46.67%, 56.67%, 66.67%, 80%, 90%, and 96.67%
for 900, 1000, 1200, 1500, 1800, and 2000 mg, respectively.

DISCUSSION
To our knowledge, this is the first prospective observational study
that explored the PK characteristics of rituximab in FL with
different grades. The significantly low initial concentrations in
patients with low-grade FL could partly account for its unsatisfac-
tory CR rate. Moreover, we found that higher rituximab
concentrations in the first cycle rather than in the subsequent
cycles were significantly associated with achieving CR, suggesting
the importance of giving the sufficient rituximab dose at the
beginning of the treatment, and the minimum optimal concen-
tration values 13.60 μg/mL and initial dose of 1800mg (for grade
1/2) were recommended. Herein, increasing the initial dose of
rituximab should be a very important component of individualized
therapy.
Several studies have suggested that the trough concentration

of rituximab was a good predictor of response. For example,
Tobinai et al. [22] detected higher mean values of trough levels
and AUC of rituximab in responders with aggressive B-cell
lymphoma. Accordingly, Li et al. [23] found higher median trough
levels of rituximab and AUC in chronic lymphocytic leukemia
responders. In line with these findings, our study reported that the
trough concentrations in patients with CR were significantly
higher than those in non-CR patients in the first cycle (23.13 μg/
mL vs. 10.98 μg/mL, P < 0.001). Herein, the detection of trough
concentration of rituximab was strongly recommended as an early
indicator for clinical response, which was also very convenient.
The key role of the trough rituximab concentration in the first

cycle on treatment response was first suggested in this study,
but this conclusion was not contrary to the results of previous
studies. In a large rituximab PK study [12], 166 recurrent or
refractory low-grade non-Hodgkin lymphoma treated with ritux-
imab at 375mg/m2 once weekly for four doses, concentrations
before the second infusion (corresponding to C1-trough in this

study) of the responders were significantly higher than non-
responders (71.30 μg/mL vs. 57.90 μg/mL, P= 0.006), and the
difference did not reach significance in the subsequent cycles
until the end of treatment, even though the administration
interval was very different from that in this study, the remarkable
ability of the initial trough concentrations to predict response was
the same. In Jager et al.’s study [13], 17 previously untreated
advanced FL with grade 1 or 2 received R-FC every 28 days, trough
concentrations of rituximab before cycles 2 (corresponding to
C1-trough in this study), 4 and 6 were also detected, and the
difference in the trough concentrations between the CR and PR
groups was large before cycle 2, but this distance disappeared in
the subsequent treatment (before cycle 2: 19.18 μg/mL vs. 2.88
μg/mL; before cycle 4: 65.70 μg/mL vs. 32.93 μg/mL; before cycle
6: 65.87 μg/mL vs. 57.35 μg/mL). This phenomenon was also very
similar to our result. The authors also advocated that, since Ctrough
levels in CR versus PR patients differed as early as after the first
cycle of therapy, an increase in rituximab dosage in the initial
induction treatment seems necessary.
In this study, rituximab was administered every 21 days, and the

differences in trough concentrations between the CR and non-CR
groups reached statistical significance in 1–3 cycles, but logistic
regression analysis suggested that only trough concentration in
cycle 1 was significantly associated with achieving CR. The
recommended minimum optimal C1-trough was 13.60 μg/mL, which
was also consistent with the previous study that whole blood
complement-dependent cytotoxicity occurred at optimal levels
equal to or greater than 10 μg/mL [24, 25].
The explanation for the key role of C1-trough may be that the

concentration measured only reflects free antibody, not bound
antibody. It is therefore unlikely that sustained high levels will
confer a superior therapeutic benefit because the mechanism of
action of rituximab is mediated by binding to the target. Another
possible explanation was that 21 days after the first infusion, the
amount of the remaining free rituximab (the C1-trough) may
depend on many factors, including the true level of tumor burden
in the body; the sensitivity of the tumor to the therapeutic drugs,
which is expected to decrease tumor burden (the target); the
clearance rate of the antibody, which reflects the endogenous
metabolic capability; and even something beyond current knowl-
edge. These factors may determine the treatment response; in
addition to inducing pharmacological action at a necessary level,
the C1-trough also reflects the individual differences of these factors,
and the subsequent accumulation of concentrations resulting
from continuous administration may mask the changes in these
factors. Herein, the rituximab C1-trough would thus be expected to
vary substantially between different kinds of patients and could
then be used as a distinctive outcome predictor.

Table 3. Population pharmacokinetic parameters for rituximab in FL patients and the results of bootstrap validation (final models).

Parameter estimate Final model Bootstrap replicates

Model (%RES) 2.5% CI 97.5% CI Shrinkage (%) Median (%RES) 2.5% CI 97.5% CI

tvV (L) 3.12 9.14 1.78 5.94 – 3.08 12.80 1.69 6.12

tvV2 (L) 7.69 19.58 4.43 11.52 0.18 7.45 22.31 3.90 12.51

tvCl (L/d) 0.14 6.71 0.07 0.17 – 0.13 5.22 0.07 0.20

tvCl2 (L/d) 0.54 19.33 0.29 0.87 – 0.56 20.88 0.27 0.83

tvCMultStdev 0.20 9.96 0.15 0.24 0.19 10.17 0.16 0.25

dV2-stage 0.80 21.35 0.34 1.56 0.79 24.89 0.29 1.87

Residual variability (CV% for additive+multiplicative)

σadd+Mult 6.48 16.29 3.99 8.95 6.12 14.72 4.21 8.63

tvV typical value of V, tvV2 typical value of V2, tvCL typical value of CL, tvCL2 typical value of CL2, tvCMultStdev typical value of standard deviation (additive+
multiplicative error model), dV2-stage fixed parameter coefficient of tumor stage, CV% percent coefficient of variation.
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The initial rituximab trough concentration was significantly
lower in patients with grade 1/2 FL than in those with grade 3 FL
(12.21 μg/mL vs. 23.45 μg/mL, P < 0.001). For grades 1 and 2,
watching and waiting or involved site radiation therapy for all
involved tumor sites is the preferred option, and only patients
who present with a disseminated disease (i.e., advanced stage)
require systemic therapy [1, 26]. Tumor burden explained a large
part of the variability in rituximab concentration, which may be
explained by increased rituximab clearance related to its
elimination by the target antigen. In our multiple linear regression
analysis, 40.7% of C1-trough variability could be explained by the
different stages, which were classified mainly based on tumor
burden and location. Tout et al.’s study [14] reported similar
results, with baseline total metabolic tumor volume accounting for
41% of AUC1 variability. In this study, 70% of patients with grade
1/2 FL were stage IV, and among them, only 30% of patients could
reach 13.60 μg/mL in cycle 1, which was in accordance with its
unsatisfactory CR rates compared with grade 3 (43.33% vs.
76.32%); 91.67% of patients with grade 3 FL reached this
threshold. Although there may be other unknown factors
accounting for the lower rituximab C1-trough for low-grade FL,
the conventional dosage of 375mg/m2 is not sufficient for low-
grade patients, and a higher loading dose of rituximab should be
considered for neutralizing the higher tumor burden.
Although the sampling scheme was limited to two concentra-

tions per cycle per patient in this study, a two-compartment PK
model described the data well, and the final PK parameters were
consistent with the results of previous studies for rituximab
[14, 19, 27]. For patients with grade 1/2 FL, 1800mg could induce
~90% of patients to obtain sufficient initial levels based on our
model. Since a dose-escalation trial of rituximab from 500 to 2250
mg/m2 has been designed in chronic lymphocytic leukemia,
toxicity was minimal until a dose of 2250 mg/m2 was achieved, so
our recommended initial dosage of rituximab is acceptable [28].
This study has several limitations. A modest sample size of 68

patients was used in this study. Low-grade FL is characterized by a
chronic relapsing remitting disease course, which might lead to
difficulty in reaching CR. However, the matched-pair logistic
regression analysis controlling for the effect of tumor stage and
grade confirmed the independent role of the C1-trough on the
clinical response. It is more likely that the higher C1-trough may
actually mediate more effective tumor regression. Therefore,
further studies are needed to verify the benefit of increasing the
dosage of rituximab for low-grade patients.

CONCLUSION
In general, this study first suggested that the majority of low-
grade FL patients could not reach the minimum effective
concentration under the conventional dosage of 375 mg/m2 of
rituximab, and an insufficient initial concentration was a
significant risk factor for an unsatisfactory first-line R-CHOP
treatment response. The prevalent advanced stage at the
beginning of systemic treatment was confirmed as a factor for
the insufficient concentration. Therefore, designing the first
dosage of rituximab should be a very important component of
individualized therapy for FL.
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