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The impact of therapeutic drug management (TDM) on reducing toxicity and improving efficacy in colorectal
cancer (CRC) patients receiving fluorouracil-based chemotherapy is still unclear.

A total of 207 patients (Study Group n=54, Historical Group n=153) with metastatic colorectal cancer were en-
rolled. All of them received 6 administrations of the 5-FU based regimens. Initial 5-FU dosing of all patients was
calculated using body surface area (BSA). In the Study Group, individual exposure during each cycle was mea-
sured using a nanoparticle immunoassay, and the 5-FU blood concentration was calculated using the area un-
der the curve (AUC). We adjusted the 5-FU infusion dose of the next cycle based on the AUC data of the pre-
vious cycle to achieve the target of 20-30 mgxh/L.

In the fourth cycle, patients in the target concentration range (AUC mean, 26.3 mgxh/L; Median, 28 mgxh/L;
Range, 14-38 mgxh/L; CV, 22.4%) accounted for 46.8% of all patients, which were more than the ones in the
first cycle (P<0.001). 5-FU TDM significantly reduced the toxicity of chemotherapy and improved its efficacy. The
Study Group (30/289) showed a lower percentage of severe adverse events than that in the Historical Group
(185/447) (P<0.001). The incidences of complete response and partial response in the Study Group were high-
er than those in the Historical Group (P=0.032).

TDM in colorectal cancer can reduce toxicity, improve efficacy and clinical outcome, and can be routinely used
in 5-FU-based chemotherapy.
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Material and Methods

5-Fluorouracil (5-FU) is widely applied in the treatment of var-
jous cancers, including colorectal cancer (CRC) [1,2]. Colorectal
cancer is the fifth most prevalent cancer in China, after lung,
gastric, esophageal, and liver cancers [2]. FOLFOX/FOLFIRI, con-
sisting of fluorouracil, oxaliplatin, and irinotecan, combined
with bevacizumab, is a first-line anti-tumor treatment for ad-
vanced colorectal cancer [3,4]. Due to the general condition
of the patient and other factors, including adverse drug reac-
tions and patient compliance, a safe and efficacious dose of
chemotherapy drugs cannot always be calculated according to
the patient’s body surface area (BSA), often resulting in empir-
ical dosing reduction [5,6]. Many studies have found that BSA-
based drugs administration can cause pharmacokinetic varia-
tions, resulting in increased suboptimal dosing of patients [7,8].

In other countries, monitoring of fluorouracil plasma concen-
tration has resulted in improved individual fluorouracil dos-
ing. Clinical studies show that therapeutic drug management
(TDM) improves drug efficacy and reduces toxic adverse ef-
fects [9,10]. Gamelin et al [11-16] found that when the target
area under the curve (AUC) of fluorouracil is in the range of
20-30 mgxh/L, the toxicity and adverse effects of 5-FU are rel-
atively minor and the anti-tumor efficacy is highest. Preferably,
when the AUC is lower than the target range, the subsequent
dosage of 5-FU should be increased, and, vice versa, when it
is higher, the dosage of 5-FU can be decreased.

Kline et al [10] showed that patients with stage II/1ll cancer
who underwent adjuvant therapy had significantly improved
disease-free survival and significantly fewer adverse events af-
ter TDM. In addition, for patients treated with FOLFOX6 (leu-
covorin, 5-FU, and oxaliplatin), 5-FU TDM not only reduced
the incidence of serious toxic events (grade 3-4), but also in-
creased the objective response rate by 52% and the median
overall survival by 6 months [17].

Patients received fluorouracil blood concentration monitor-
ing since this technology was implemented in our hospital.
To evaluate the effect of TDM practice, we compared the flu-
orouracil plasma concentration monitoring results, rate of se-
rious adverse reactions, and anti-tumor efficacy between pa-
tients who received TDM (the Study Group) and patients who
did not receive TDM (the Historical Group). This retrospective
provides evidence that may support the design of randomized
controlled trials and the use of TDM in routine clinical practice.

Chemotherapy and Patients

From March 2016 to August 2018, advanced CRC patients who
received chemotherapy containing 5-FU (Jinyao Pharma, Tianjin,
China) at Affiliated Hospital of Nantong University were en-
rolled in the study (Study Group, n=54). Baseline information,
including sex, age, BSA, combined disease, and chemothera-
py regimen and dosage, were collected. Inclusion criteria were
as follows: treatment with mFOLFOX6, FOLFOX4, or FOLFIRI;
at least 6 cycles of anti-tumor therapy; at least 5 fluoroura-
cil blood concentrations obtained during hospitalization; and
signed informed consent from either the patients or their legal
representatives. The main exclusion criteria included incom-
plete data in medical records, treatment discontinuation oth-
er than for serious adverse reactions or complications, and a
significant lack of compliance with the treatment regimen. The
characteristics of the patients in the Study Group are shown in
Table 1. The study was approved by the Ethics Committee of
the Affiliated Hospital of Nantong University. All patients pro-
vided sign informed consents before the study began.

Colorectal cancer patients who had received chemotherapy
(Historical Group, n=153) without drug concentration moni-
toring were enrolled retrospectively from 2015 to 2018 at the
Affiliated Hospital of Nantong University. Inclusion and exclu-
sion criteria were similar to those of the Study Group, except
that the fluorouracil blood drug concentration was not moni-
tored in these patients. The characteristics of the patients in
the Historical Group are shown in Table 2. A flow chart of ex-
cluded patients is showed as Supplementary Figure 1.

Concentration Detection and AUC Calculation

All patients started receiving fluorouracil treatment uniformly
at 15: 00-16: 00. We collected 5 mL of blood into a polyethyl-
ene tube pretreated with gimeracil, collected on the third day
of continuous intravenous infusion at 8: 00-9: 00. Another
blood sample was drawn 4 h before the end of the infusion.
The plasma was obtained after centrifugation and stored fro-
zen at -80°C for subsequent experiments.

The fluorouracil plasma concentrations were determined by
a nanoparticle immunoassay (My 5-Fu; Saladax Biomedical,
Bethlehem PA). Then, the AUC calculation of fluorouracil and
the adjustment of fluorouracil doses for the next cycle were
performed as reported previously [13-15].

Adverse Reactions and Efficacy Evaluation

The CTCAE 4.03 criteria were used to evaluate the overall se-
rious adverse reactions to fluorouracil (including neutropenia,
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Table 1. Patients’ characteristics and treatment regimens in the Study Group.

Variable FOLFOX4 (n=14) mFOLFOX6 (n=26) FOLFIRI (n=14)
Sex, n (%)
"""" Male — 7(00%  11(23%  867.1%)
"""" Female  7(00%  15(677%  6(@29%)
CAgelyears)
"""" Median e 70 e
"""" Range ~ s784 628 558
CWeightkg)
"""" Mean  es 719 &7
"""" s 13 s 166
CHeight(cm)
"""" Mean 18 1694 1655
"""" ss  sa 8 8
CBaseline BSA (M)
"""" Mean 18 18 18
"""" s 902 o1 o019
Pretreatment ECOG status
"""" I 2 T
"""" T s e s
"""" 2 s
Starting infusional 5-FU dose (mg/m?)
"""" Average 2% 2% 2250
"""" ss 1 0 13
Clineoftreatment,n (%)
"""" Firstline 9 16 7
"""" Second-lne 3 & 5
"""" Third-lne or more 2 4 2

SD - standard deviation; FOLFOX — oxaliplatin, folinate, 5-FU; FOLFIRI — irinotecan, folinate, 5-FU.

anemia, thrombocytopenia, diarrhea, oral mucositis, hand-
foot syndrome).

The efficacy evaluation was performed according to the 1.1 ver-
sion of Response Evaluation Criteria in Solid Tumors (RECIST),
which was divided into complete response (CR), partial re-
sponse (PR), stable disease (SD), and progressive disease (PD).

Dose of Fluorouracil and Dose Adjustment for Fluorouracil

The initial dose of fluorouracil in the mFOLFOX6 and FOLFIRI
regimens was: 400 mg/m? for 4 days, intravenously (i.v.), and
then 2400 mg/m? for 1 day, for a continuous intravenous in-
fusion for 44 to 48 h. FOLFOX4: on days 1-2, 400 mg/m? per
day, intravenous injection, and then another 600 mg/m? per

day, continuous intravenous infusion, for 22 h. Every 14 days
is a treatment cycle.

All these dose determinations of fluorouracil in subsequent cy-
cles were done independently by 2 experienced oncologists who
received assistance from clinical pharmacists, referring to calcu-
lated indicators (DI, TI and RDI) combined with the fluorouracil
concentration of blood concentration monitoring and adverse
reactions after the previous treatment cycle. Briefly, according to
the drug AUC of the previous cycle, the dose in the subsequent
cycle was adjusted to the target range (20-30 mgxh/L, as report-
ed by Kaldate and Denda et al) [13-15]. If neutropenia and/or
grade 3-4 hematological and/or non-hematological toxicity occur
(except inadequately treated nausea and vomiting or alopecia),
drug therapy should be suspended until the toxic adverse effects
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Table 2. Comparison of patient between the Study Group and the Historical Group.

Variable Historical Group (n=153) Study Group (n=54)
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Table 2 continued. Comparison of patient between the Study Group and the Historical Group.

Variable

Historical Group (n=153)

Study Group (n=54)

Adverse events

<0.001*
% 20
P
"""""""""""""""""""""""""""""""""""""""""" 003"
e w
T 6

* P<0.05 represents statistical difference. SD — standard deviation; FOLFOX — oxaliplatin, folinate, 5-FU; FOLFIRI — irinotecan, folinate,

5-FU.
Figure 1. Distribution of measured 5-FU
1 *%%
20 exposure (AUC) in every cycle of the
451 _nr Study Group. The AUC mean of the
401 ' third cycle was significantly increased
. e . " compared to the one at the first cycle
e 35 " a L[ .I: & Il..:.l (P=OOO6).
£ 30 {pmEans fnaelt Sanna GaALa -"
£ 2 o gifts
= P 1] agedey T P e
2 201 . - -l (LTT e
5 man . -" . "
15 1 I::I ll.-.l -n
10 g
5 £
0
Cycle1 (ycle2 (ycle3 (ycle4 (ycle5 (yde6

return to NCCICTAE level 1. If the fluorouracil AUC was great-
er than 30 mgxh/L, the fluorouracil was appropriately reduced.

Statistical Analysis

The statistical analysis of the study was done using SPSS
19.0 software. Normally distributed data are expressed as
meanzstandard deviation. Non-normally distributed data are
expressed in median and quartile. Curve regression coefficient
analysis was performed using Spearman analysis. The relation-
ship between fluorouracil concentration in blood and serious
adverse reactions, as well as between fluorouracil concentration
and chemotherapy efficacy, were compared using Pearson y?
tests. P<0.05 was deemed as a statistically significant difference.

Results

Baseline Characteristics of the Patients in the Study Group

The Study Group included 54 patients (26 males and 28 fe-
males). The average age of the patients was 69+9.3 years.

The number of patients treated with either FOLFOX4, mFOLF-
OX6, or FOLFIRI was 14, 26, and 14, respectively. Thirty-two of
these were as a first-line treatment, 14 as a second-line treat-
ment, and 8 as a third-line treatment (Table 1). In these 54 pa-
tients, a total of 289 blood samples were taken. The average
values of the indicators, DI, Tl, and RDI, for the amount of flu-
orouracil used in cycle 1, were 83.3+16.5%, 76.1+20.4%, and
63.1+21.1%, respectively.

The Impact of Dose Adjustment on 5-FU Exposure

The AUC obtained per cycle for the 5-FU peripheral blood con-
centration is shown in Figure 1 for all patients. The dose of 5-FU
used in the first cycle was calculated based on BSA. As shown
in Table 3, 32 patients (57.4%) had an AUC <20 mgxh/L, and 7
(13%) had an AUC >30 mgxh/L. Only 16 patients (29.6%) were
within the target AUC range (20-30 mgxh/L). After 1 dose ad-
justment, the proportion of patients in the target AUC range
increased to 23 (42.6%). However, the improvement in cycle
2 was not significant (Table 3, P=0.064). After 2 dose adjust-
ments, in cycle 3 the number of patients within the target AUC
was significantly improved, compared with cycle 1 (Table 3,
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Table 3. Area under the curve of 5-Fluorouracil concentration in blood (actual exposure) in every cycle.

Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6
N 54 54 50 47 44 40
Mean 19.3 219 24.8 26.3 26.3 26.8
SD 8.2 7.5 6.4 5.9 5.5 5.2
Median 17 23 24.5 28 26 26.5
Range 7-37 9-41 13-36 14-38 16-37 17-38
cv 42.4% 34.2% 25.7% 22.4% 21.0% 19.4%
32 22 11 7 4 4
< e NI
57.4% 40.7% 22.0% 14.9% 9.1% 10.0%
16 23 24 22 28 24
AUC 20-29
29.6% 42.6% 48.0% 46.8% 63.6% 60.0%
7 9 15 18 12 12
=
13.0% 16.7% 30.0% 38.3% 27.3% 30.0%
30- (30/289) showed a lower percentage of severe adverse events
[ Grade IV than that in the Historical Group (185/447) (Table 2, P<0.001).
W Grade Il . L
Across all cycles of the 3 regimens, the incidences of neutro-
penia, diarrhea, anemia, and thrombocytopenia were 3.5% (10
s 207 cases), 4% (12 cases), 2.8% (8 cases), and 0.1% (3 cases), re-
2 spectively. There were no cases of either mucositis or hand-
§ foot syndrome. In the Historical Group, the incidences of neu-
& 10+ tropenia, diarrhea, anemia, thrombocytopenia, mucositis, and
hand-foot syndrome were 13.6%, 12.1%, 6.5%, 4.3%, 2.0%,
and 2.9%, respectively (Figure 3). Therefore, 5-FU concentra-
0 tion monitoring led to a 74.3%, 66.9%, 56.9%, and 97.7% de-
(el  Cycle2  C(yde3  Cyded  C(yde5  Cycle6 crease in neutropenia, diarrhea, anemia, and thrombocytope-
nia incidence, respectively.

Figure 2. Percentage of the Study Group patients developing
severe adverse events at all cycles.

P=0.006). There were 24 (48.0%) patients in the target AUC
range in cycle 3, with a CV of 25.7%. By the fourth cycle, the
average AUC was 26.3 mgxh/L (median, 28 mgxh/L; range,
14-38 mgxh/L; CV, 22.4%), with 46.8% of patients within the
target 5-FU AUC range (Table 3). As shown in Figure 2, the in-
cidence of grade Ill/IV toxicity decreased gradually with the
dosing cycle (in cycles 1-6, Grade Il toxicity was 35.2, 22.2,
18.0, 10.6, 9.1, and 12.5%, respectively, and Grade IV toxicity
was 18.5, 7.4, 4.0, 2.1, 2.5, and 0%, respectively).

5-FU Dose Adjustment Reduces Toxicity

To observe the impact of TDM on toxicity reduction, we ret-
rospectively enrolled colorectal cancer patients who had re-
ceived chemotherapy (Historical Group, n=153) without TDM
from 2015 to 2018. Monitoring and adjustment of the 5-FU
concentration significantly reduced toxicity. The Study Group

5-FU Dose Adjustment improves the Efficacy of the
Therapy

Monitoring and adjustment of the 5-FU concentration significantly
improved the efficacy of chemotherapy. The response rate (CR+PR:
38/54) in the Study Group was higher than that in the Historical
Group (CR+PR: 82/153) (Table 2, P=0.032). Across the 3 dosing
regimens in the Study Group, the incidences of CR, PR, SD, and PD
were 5.6% (3), 64.8% (35), 24.1% (13), and 5.6% (3), respectively.
Compared with the use of the 3 regimens in the Historical Group,
in which there was a CR in 2.0% of patients, a PR in 54.2%, SD
in 32.7%, and PD in 11.1% (Figure 4), 5-FU concentration mon-
itoring reduced SD and PD by 26.3% and 49.5%, respectively.

Discussion

Several studies have reported that 5-FU pharmacokinetic vari-
ability in different individuals has a great impact on the personal
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Figure 3. Incidence rate of severe adverse
events (Grade 3 and 4) between
the Study Group and the Historical
Group. ** P<0.01 represents statistical
difference

*

T T
Neutropenia Diarrhea Anemia

Thrombocytopenia Mucositis Hand-foot syndrome

100

75

50

Percentage (%)

25+

Historical group

Study group

Figure 4. Percentage of all kinds of therapeutic outcomes
between the Study Group and the Historical Group.
CR — complete response; PR — partial response;
SD - stable disease; PD — progressive disease. * P<0.05
represents statistical difference.

response to chemotherapy [7,13]. Patients with metastatic CRC
who receive the common 5-FU regimens without drug moni-
toring often suffer from suboptimal exposure [7,10,13,17,18].
These studies all concluded that dosing of 5-FU based on the
BSA is not the best strategy to achieve optimal efficacy of
chemotherapy. Since a lack of monitoring of 5-FU exposure is
highly related to toxicity [7,13], physicians are generally not
willing to increase 5-FU doses without laboratory evidence of
low exposure. A number of investigators have proposed reg-
imens for adjusting the dose of fluorouracil according to the
AUC (Table 4) [11-15]. Kaldate et al [7] suggested that an op-
timal concentration of 25 mgxh/L should be used for 5-FU in
metastatic CRC, developing an adjustment algorithm for pa-
tients to reach an optimal exposure of 20-30 mgxh/L. Our study
has not only shown the wide variability of 5-FU pharmacoki-
netics in the Chinese population, but has also demonstrated
the efficacy of the Kaldate dose adjustment algorithm in this
population. Our study shows that this dose adjustment strat-
egy can achieve target 5-FU blood levels and reduce pharma-
codynamic variability within 3 treatment cycles. The median

5-FU exposure in cycle 3 was 23 mgxh/L. The median concen-
tration in the last 3 cycles finally stabilized (CV, 26%), which
was 24-25 mg *h/L.

Although many studies have reported the exposure and re-
duced toxicity benefits of 5-FU concentration monitoring for
patients with CRC, the association between monitoring and the
efficacy of chemotherapy has rarely been addressed [19,20].
Wilhelm et al [14] studied only tumor marker concentrations
(CEA and CA19-9) in response to chemotherapy. Although a
significant increase or decrease in tumor marker levels was
attributed to PD or a positive response (CR and PR), respec-
tively, at the end of the study, this was not direct evidence. In
our study, using simple grouping (treatment response group:
CR and PR; treatment non-responder group: PD and SD) and
the Pearson y? tests, it can be seen that 5-FU drug concentra-
tion monitoring significantly improves the efficacy of chemo-
therapy (Table 2, p=0.032). CR increased from 2.0% to 5.6%,
and PR increased from 54.2% to 64.8% (Figure 4). SD and PD
dropped by 26.3% and 49.5%, respectively (Figure 4).

Moreover, the present study also aimed to evaluate the feasi-
bility of drug concentration monitoring and dose adjustment
in routine practice, improving the benefits of 5-FU treatment
for the patient. Fluorouracil blood concentration is character-
ized by day and night fluctuations, and also undulates during
intravenous infusion [21]. In this study, the blood sample col-
lection time was restricted to 8: 30-9: 30 (4.5-5.5 h before the
end of intravenous pumping) to reduce the fluctuation inter-
ference, and to avoid early termination of the venous pump.
Additionally, this restriction is convenient for blood sample col-
lection during routine working hours. Because of the instability
of fluorouracil in whole blood [22], the samples must be cen-
trifuged as soon as possible, or stabilized using gimexin (an
inhibitor of the fluorouracil metabolic enzyme, dihydrouracil
hydrogenase) [23] in a polyethylene tube after collection. The
overall process, including plasma transportation, result report-
ing, and decision making and dose adjustment by the physician,
must be simple and repeatable. In our study, 48% of patients
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Table 4. Dose adjustment strategy of fluorouracil based on the AUC.

Gamelin, 2008 [11] Wasif, 2009 [12] Kaldate, 2012 [13] Wilhelm, 201614 Denda, 201615

Adjustment
range (%)

Adjustment
range (%)

Adjustment
range (%)

Adjustment
range (%)

Adjustment

AUC range (%)

AUC AU

Repeat the original
8 dose; if the AUC is <8

“ 70 = 150 <8 30 again, increase dose 8 30
by 30%

4-8 50 5-10 100 8-13 24 8-13 25 8-13 25
810 40 1015 25 1416 18 1416 20 1416 20
012 30 1520 15 1719 2 79 10 719 0
1215 20 2025 o 203 o 202 o 203 o
1518 1o 2530 10 3033 12 3033 10 3033 10
1820 5 3035 15 343 18 343 20 3436 20
024 o 340 20 3739 24 3739 25 3739 25
2448 s - - B 240 30 20 30 0 30
831 10 - - - . .
1 a5 o~ - - . . .

reached the target blood concentration in the fourth cycle and
maintained this level for the next 3 cycles.

There have been several studies reporting the therapeutic ben-
efit of 5FU TDM for CRC. The number of elderly patients who
experienced severe toxic reactions (15%) dropped to 5% (the
third cycle) after the use of TDM [24]. Compared with patients
under 75 years old, TDM improved the tolerance of patients
over 75 years old. The AUC of the initial dosing cycle reflects the
patient’s individual drug metabolism characteristics. Patients
with 5-FU AUC <8.4 hxmg/L at the first cycle exhibited signifi-
cantly shorter disease-free survival [25]. However, cost-effec-
tiveness must be considered in drug management. An Atlanta
study reported that 5-FU TDM management is cost-effective
in advanced CRC treatment [26]. In China, although there is
no systematic analysis on the cost-benefit of 5-FU TDM, TDM
has been added to individual medical insurance plans in some
cities. There are obstacles to TDM implementation, but we be-
lieve that its cost-effectiveness will be clearly recognized. In
countries such as France and the Netherlands, TDM is current-
ly being incorporated into cancer clinical practice.

However, there are several limitations to our research. First,
this study was carried out on a retrospective cohort. Our team
is implementing a randomized controlled trial on 5-FU clinical
drug monitoring, and we will publish the data when the trial
completes. Second, due to the short study period, the survival
data has not been obtained. We will expand the sample size and
conduct long-term follow-up to optimize the research design.

Conclusions

TDM is routinely practiced when 5-FU is used in the clinic. This
leads to the administration of higher doses of 5-FU, with low-
er toxicity and better therapeutic effects. Further randomized
controlled trials are needed to verify its clinical value.

Data Availability Statement

The datasets used in this study are available from the corre-
sponding author on reasonable request.
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Supplementary Data

390 patients identified
227 patients

Incomplete data
(n=163)

Treatment discontinuation
subjectively (n=11)

| 216 patients |
Lack of compliance
(n=9)
207 patients
Historical Group Study Group
(n=153) (n=54)
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Supplementary Figure 1. A flow chart of excluded patients.
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