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DPD-based adaptive dosing of 5-FU in patients with head
and neck cancer: impact on treatment efficacy and toxicity
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Abstract

Background Fluoropyrimidine drugs are widely used in
head and neck cancer (HNC). DPD deficiency is a phar-
macogenetics syndrome associated with severe/lethal tox-
icities upon 5-FU or capecitabine intake. We have
developed a simple, rapid, and inexpensive functional
testing for DPD activity, as a means to identify deficient
patients and to anticipate subsequent 5-FU-related toxici-
ties. We present here the impact of fluoropyrimidine dose
tailoring based on DPD functional screening in a
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prospective, open, non-controlled study, both in term of
reduction in severe toxicities and of treatment efficacy.
Methods About 65 patients with HNC (59 £ 9 years,
52M/13F, Prospective Group) were entered into the study.
Screening for DPD deficiency was performed prior to the
beginning of the chemotherapy or radiochemotherapy.
DPD status was evaluated by monitoring U/UH2 ratio
levels in plasma as a surrogate marker for enzymatic
functionality. 5-FU doses were reduced according to the
extent of the detected DPD impairment, and adjusted on
the basis of age, general condition, and other clinical/
paraclinical covariates, if required. Treatment-related tox-
icities and subsequent impact on treatment delay were
carefully monitored next for comparison with a retrospec-
tive, Reference subset of 74 other patients with HNC (mean
age: 59 £ 10, 58M/16F, Reference Group), previously
treated in the same institute with similar schedule but using
standard 5-FU dosage.

Results  Thirty-one out of 65 patients (48%) were identi-
fied as mildly (28%) to markedly (20%) DPD deficient.
Subsequently, dose reductions ranging from 10 to 100%
with 5-FU were applied in those patients. In this group, six
patients (9%) experienced severe toxicities, none of them
being life threatening, and no toxic death was encountered.
In comparison, 16 out of 74 patients (22%) of the Refer-
ence Group displayed severe side effects after standard
5-FU administration, 13% being life-threatening toxicities
(e.g., G4 neutropenia + sepsis). Moreover, one toxic death
was observed in this Reference Group. No postponement or
cancelation of forthcoming chemoradiotherapy courses
occurred in the Prospective Group, whereas treatment had
to be disrupted in six patients (8%) from the Reference
Group. No difference in first-line therapy efficacy was
evidenced between the two subsets (78 vs. 79% response,
P = 0.790).
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Conclusions Although non-randomized, this study
strongly suggests that prospective determination of DPD
status has an immediate clinical benefit by reducing the
drug-induced toxicities incidence in patients treated with
5-FU, allowing an optimal administration of several cour-
ses in a row, while maintaining efficacy. Our preliminary
results thus advocate for systematic DPD screening in
patients eligible for treatment with fluoropyrimidine drugs
in HNC.

Keywords 5-Fluorouracil - DPD - Toxicity -
Dose tailoring - Efficacy - Head and neck cancer

Introduction

Approximately 650,000 new cases of head and neck cancer
(HNC) are reported worldwide every year, accounting for
6% of all new cancer cases. About 2/3 of these cases occur
in developing countries, and HNC claims more than
350,000 lives a year. Men are more likely to be affected
than women by this disease, probably due to gender dif-
ferences in life-smoking habits [19].

At the time of diagnostic, usually, more than 2/3 of
patients with HNC are at an advanced stage, which limits
the efficacy of surgery and radiotherapy. In the last three
decades, various chemotherapy options, such as concomi-
tant chemoradiotherapy, induction chemotherapy, adjuvant
chemoradiotherapy, and palliative chemotherapy, have
been widely used to help organ preservation and treat
metastasis patients to improve locoregional disease control,
to prolong disease-free survival and overall survival.

Although CDDP is a mainstay in the therapy of head and
neck cancer, over the past 40 years, antimetabolite drug
5-FU has been widely used in combination with platinum
derivatives, or associated with radiotherapy. On the basis
of areview of 32 studies involving 10,225 patients, Budach
W. et al. showed that concomitant chemoradiotherapy
including 5-FU either given alone or as part of combination
with CDDP, CBDCA, or MMC yields to an improved
clinical outcome [2]. Besides, the latest TPF (plati-
num + 5-FU + Docetaxel) or PPF (platinum + 5-FU +
Paclitaxel) protocols have demonstrated a better organ
preservation and survival benefit than the standard plati-
num + 5-FU schedule as induction chemotherapy [9, 10,
21, 31, 35]. Capecitabine, the oral pro-drug of 5-FU, is also
given now [4], and overall, the use of fluoropyrimidine
drugs is constantly increasing now for treating head and
neck cancers.

Dihydropyrimidine dehydrogenase (DPD) is the initial
and rate-limiting enzyme that detoxifies 5-FU in the liver
[14, 18]. DPD deficiency is a condition that can lead to
dramatic alteration in the 5-Fu pharmacokinetic profile,
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more than 85% of the drug being catabolized by DPD [15].
Admittedly, 30-40% of the severe toxicities upon 5-FU
exposure could be attributed to some kind of DPD impaired
activity, a figure that can rise to 60-70% in some recent
studies [6]. In the most extreme cases, total DPD deficiency
can even lead to toxic death upon 5-FU administration [5,
13]. Detecting DPD deficiency is therefore a major issue in
clinical oncology, although the best strategies to achieve
DPD screening at the bedside remain to be identify [11].
Because this enzyme is responsible for the reduction in
uracil (U) to dihydrouracil (UH2), monitoring physiologi-
cal U/UH2 ratios in plasma could provide a quick insight
into DPD activity status. We have developed such [16]
over a 3-year period at our institute [16]. Abnormal ratios
suggesting 5-FU deficiency was evidenced in more than
70% of the patients presenting with severe toxicity and
80% of those with fatal outcome, thus strongly suggesting
that this test could be a convenient market in a prospective
setting by detecting patients likely to experience severe/
lethal toxicities upon 5-FU intake. Here, we present the
clinical results (related toxicities and response) of the
prospective use of this test in patients with HNC.

Patients and methods
Eligibility criteria

Patients included in this study were scheduled for
5-FU-based treatment for histologically proven head and
neck cancer. All patients were hospitalized at La Timone
University hospital of Marseille. Written informed consent
and local ethical committee approval were obtained before
starting the study. Eligibility required a histologically
confirmed diagnosis of head and neck cancer, being either
primarily diagnosed or relapse. Patients may have been
treated with 5-Fu before. In addition, all of them, more than
18-years-old, were not on drugs known to interfere with
DPD, such as raltitrexed or other uridine derivatives such
as antiviral Sorivudine. Patients were required to have
adequate absolute neutrophil count >2,000/mm’ and
platelets count >100,000/mm?>. Their performance status
should be from 0 to 2 (WHO). Patients with no indication
of 5-Fu, displaying abnormal liver or renal functions and
pregnancy/lactation periods, were excluded from the study.
In addition, patients whose venous condition was not
suitable for proper blood sampling were also excluded.

DPD functional testing
DPD testing was performed prospectively in all patients

from Prospective Group and retrospectively in patients
from Reference Group, when possible. Five milliliters of
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blood was withdrawn on heparinized tubes limited between
8 and 9 am in order to limit the impact of circadian rhythm
on DPD activity [17]. Plasma fraction was isolated by
centrifugation and kept frozen at —80°C until analyzed.
Functional DPD testing was performed by monitoring
U/UH2 plasma ratio as first theorized by Sumi et al. [27].
U/UH2 ratios were generated by UV-HPLC analysis after
liquid—liquid extraction as described previously, with
minor modifications [6]. Patients were identified as non-
deficient, mildly deficient, severely deficient, or totally
deficient according to their U/UH2 ratio. DPD status was
given within a 3—10 days range after sample collection, so
as to not delay start of the treatment.

Fluoropyrimidine administration and dose tailoring

Patients with no suspected DPD deficiency were treated
with standard dosage. Patients identified as mild- to
severe-deficient had their 5-FU dose reduced by 10-50%,
as shown in Table 1. Total deficiency led to selection for
other treatment modalities without 5-FU. Dose reduction
could be further personalized on the basis of age and
general condition of the patients, if required. Conse-
quently, a similar level of DPD deficiency in two different
patients could lead to different range of dose reductions
(i.e., in the severely DPD-deficient subset, doses were cut
by 20, 30, or 50% according to each patient’s medical
record).

Concomitant drugs and radiotherapy

CDDP, CBDCA, and Paclitaxel co-administered with 5-FU
were given standard dose. Radiotherapy dose was 70 Gy
(2Gy/35F/7W) for local tumor, and 50 Gy (2Gy/25F/5W)
for lymph nodes.

Toxicity monitoring

After the first course, acute and subacute toxic reactions
were assessed and graded according to standard CTC-NCI
criteria. In first-line chemoradiotherapy, toxicity was
assessed after each course. All grade 3—4 toxicities and

unusually delayed G2 toxicities (e.g., G2 thrombocytope-
nia lasting more than 3 weeks) were analyzed. Considering
that it is difficult to distinguish the mucositis lasting from a
previous course from the one repeatedly occurring each
new course, this side effect was counted only once for each
patient.

Response monitoring

Treatment efficacy was studied only in patients treated as
first-line therapy after completion of scheduled therapy.
Therapeutic efficacy was evaluated 8 weeks after the
treatment was completed (Recist WHO, 1979). The dis-
appearance of all lesions was defined as complete response
(CR). Partial response (PR) was associated with a decrease
of more than 50% of the disease evidence. Reduction less
than 50% with no new lesions was identified as stable
disease (SD). Increase in disease by more than 25%, or
appearance of new lesion would be described as progres-
sion disease (PD).

Statistical analysis

Differences in measured values were analyzed with ¢-test,
whereas enumeration data were compared with chi square
test. When the number of patients was too small in
some subsets (e.g., <5), fisher test was used. Wilcoxon
Mann—-Whitney test was adopted to rank data. Normality
was assessed with Kolmogorov—Smirnov. The statistic
analysis was performed using SPSS 17.0 software.

Results
Patients

From February 2006 to July 2007, 67 patients were
included in the Prospective Group with adjusted doses. In
this later group, two patients were found ineligible and
excluded from the analysis. We reviewed 74 historical
patients with HNC who have received a treatment with
standard dose of 5-FU from June 2005 to February 2006

Table 1 Dosage adjustment of 5-FU and capecitabine during the first course

Ratio U/UH2 DPD deficiency Patients Standard dosage —10% —20% —30% —50% —100%
<2 None 34 34 0 0 0 0 0
2.1-3.0 Mild 18 5 1 11 0 0 1*
3.1-5.0 Severe 11 0 0 5 2 4 0

>5.1 Extremely severe 2 0 0 0 0 2 0

Total 65 39 1 16 2 6

? One patient with chronic lichen planus was excluded for 5-FU therapy during the first course of radiochemotherapy
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(Reference Group). Patients’ and treatment’s characteris-
tics are given in Table 2.

DPD status evaluation and 5-FU and capecitabine
dose adjustment

In the Prospective Group, U/UH2 ratio’s distribution fol-
lowed a normal distribution (Kolmogorov—Smirnov test,

Table 2 Clinical characteristics of the patients

P < 0.01), with a median of 2, and a mean value of
2.23 + 1.26. Thirty-one out of 65 (48%) patients were
identified with mild (28%) and severe (20%) DPD defi-
ciency (U/UH2 ratio >2 and >3, respectively, following
the cutoff defined previously [6]. 5-FU dosage was reduced
in 26 patients (47%), and the remaining 39 patients (63%)
were treated with the standard dose as initially scheduled
(Table 1). Difference in 5-FU dosage between Reference

Characteristic Reference group (n = 74) Prospective group (n = 65) P

Age (years)
Median (mean £ SD) 59 £ 10 59 +9 0.824
Range 29-87 32-79

Gender
Male 58 52 0.814
Female 16 13

Stature
Median (mean 4 SD) 170 + 8 170 £ 9 0.772
Range 147-197 143-193

Weight
Median (mean £ SD) 68 + 16 66 + 13 0.363
Range 44-117 44-106

Body surface area
Median (mean £+ SD) 1.77 £ .19 1.76 £ .24 0.725
Range 1.41-2.32 1.25-2.85

Primary site
Oral cavity 8 (11%) 7 (11%) 0.994
Nasopharynx 9 (12%) 6 (9%) 0.578
Oropharynx 34 (46%) 17 (26%) 0.016
Hypopharynx 8 (11%) 8 (12%) 0.783
Larynx 8 (11%) 16 (25%) 0.032
Other 8 (11%) 12 (18%) 0.232

ECOG performance status 0.876
0 32 (43%) 32 (49%)
1 27 (36%) 31 (48%)
2 3 (4%) 2 3%)
NE 12 (16%) 0

Treatment type
CBDCA/5-FU/RT 51 (69%) 34 (52%) 0.045
CDDP/5-FU/RT 11 (15%) 8 (12%) 0.664
CBDCA/LV 5-FU 1 (1%) 0 (0) 1.000
CBDCA/LV5-FU2 6 (8%) 6 (9%) 0.814
*PFL 3 (4%) 3 (5%) 1.000
*PF 2 3%) 4 (6%) 0.418
*TPF 0 (0) 8 (12%) 0.002
Capecitabine 0 (0) 2 (3%) 0.217

One patient with double originating head and neck cancer in Reference Group and in Prospective Group, respectively

In Prospective Group, one patient has coexisting breast cancer and 1 patient has coexisting esophagus cancer, these two cancers were not

included in table 1

*PFL = Cisplatin + 5Fu + LV; *PF = Cisplatin + 5FU; *TPF = Taxotere + Cisplatin + 5FU
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Group and Prospective Group was significant (3,765 +
1,022 vs. 3,295 £+ 1,078 mg/mz, P = 0.01). Capecitabine
was administered in two patients, one of them being
identified as deficient with subsequent 20% dosage
reduction.

Toxicities and treatment delay

Comparison between toxicity types and frequencies
observed in Reference Group and Prospective Group
according to treatment type (e.g., chemotherapy or che-
motherapy + radiotherapy) is displayed in Table 3. Over-
all, 16 of the 74 patients (22%) from the Reference Group
presented with severe toxicities, whereas 6 of 65 patients
(9%) in Prospective Group experienced such severe side
effects. The difference between Reference Group and
Prospective Group was significant (P = 0.046).

Six patients from the Reference Group have their
treatment delayed or canceled. Toxicities observed in the
Reference Group led to postponing forthcoming radio-
therapy course in one patient, cancelation of radiotherapy
in one patient, and stopping forthcoming chemotherapy
courses in four other patients. There was neither cancel-
ation nor course postponement in patients from the
Prospective Group, and all chemotherapeutic or radioche-
motherapeutic courses were performed as initially
scheduled.

Treatment efficacy in patients treated as first-line
chemoradiotherapy

Sixty patients from the Reference Group and 34 patients
from the Prospective Group were administrated first-line

Table 3 Acute severe toxicities encountered (CTC grading)

chemoradiotherapy and were evaluated for response. Five
patients in the Reference Group and two from the Pro-
spective Group died of complications or cancer progression
after three cycles of chemoradiotherapy. Two patients were
lost to follow-up in the Reference Group, and one patient
was similarly lost in the Prospective Group. One patient in
the Reference Group experienced toxic death. Two patients
from the Prospective Group could not be monitored for
response, because their treatment for coexisting breast
cancer and esophagus was still ongoing. Response
rates (CR 4 PR) were 78 and 79%, respectively, in the
Reference Group and the Prospective Group, and pro-
gressive disease rates (PD) were 21% in both groups
(P = 0.790) (Table 4).

Discussion

Depending on schedule (chemotherapy alone or chemora-
diotherapy), the inherent toxicity of fluoropyrimidine drugs
such as 5-fluorouracil (5-FU) and capecitabine often leads
to myelosuppression, mucositis, diarrhea, hand and foot
syndrome, in about 16-43% of patients [1, 12]. In the most
extreme case, toxicity can become life threatening. In
patients with HNC, when concomitant chemoradiotherapy
is scheduled, radiotherapy may be canceled or postponed
because of the toxicity encountered with 5-FU. This dis-
ruption in the protocol subsequently increases the risk of
treatment failure [8, 20]. Plasma concentrations of 5-FU
are associated with both side effects and responses in
patients with HNC [24, 28, 29, 32]. More than two decades
ago, it has been shown that pharmacokinetically guided
dosage adjustment of 5-FU applied to the treatment of head

Chemotherapy alone

Reference group (n = 12)

Prospective group (n = 23)

Mucositis G3
Mucositis G4
Neutropenia G3
Anemia G3
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Prospective group (n = 42)
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Table 4 Response of the first-line chemoradiotherapy

Response  Reference group (n = 52) Prospective group (n = 29)
CR 34 (65%) 20 (69%)

PR 7 (13%) 3 (10%)

SD 0 (0%) 0 (%)

PD 11 (21%) 6 (21%)

CR complete response, PR partial response, SD stable disease, and
PD progressive disease

and neck cancers can minimize the drug-related toxicity
and enhance therapeutic index [23]. Following this, Wilhm
et al. confirmed that dose tailoring could greatly minimize
toxicity without compromising efficacy [34]. A multicen-
tric randomized trial in France confirmed that conclusion in
1998 [7].

Although dosage adjustment can significantly reduce
side effect and avoid toxic death in some cases, this
strategy is not a common practice in medical oncology,
despite the narrow therapeutic indices of most anticancer
agents [33]. Application of dose-tailoring methods is
hampered by the frequent blood sample collection
required during treatment, relatively complex calculations,
and the rigorous control of infusion rates in order to
prevent erratic fluctuations of drug concentration in
plasma. In this case, it becomes necessary to develop
simpler approaches that meet the requirements of daily
clinical practice. Here, we present a DPD-based strategy
for tailoring 5-FU dosage in patients with HNC. Here, our
method required only one blood sample before the treat-
ment and needed no complex calculation. In the present
study, we confirmed the pivotal role DPD deficiency had
in the severe toxicities reported with 5-FU, because 64%
of patients with such side effects in the historical Refer-
ence Group were retrospectively identified as DPD
deficient.

Surprisingly, DPD deficiency was evidenced in about
40% of the patients included in this study, an observation
by far higher than the score usually expected with DPYD
genetic polymorphism [30] but consistent with other recent
clinical reports [36]. This higher figure can come from the
strategy we used to evaluate DPD status. Here, DPD issue
was addressed primarily following a functional testing, and
not some kind of genetic studies that proved over the past
to generate false-negative results [15]. However, intrigu-
ingly, the present figures were still much higher than the
frequency of deficient patients we previously observed in
another study using the same phenotypic method, in which
about 10-15% of the patients displayed DPD deficiency
[6]. This discrepancy could come from the medical history
of the patients we included. Patients with HNC frequently
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have a record of tobacco-alcohol history, and little is
known on the impact these characteristics might have on
DPD functionality in the liver. Similarly, pancreatitis and
hepatitis along with other hepatic disorders frequently
observed in this very population could have impacted as
well on the DPD status. Further experiments will have to be
conducted to elucidate whether alcohol-tobacco depen-
dence can lead to DPD dysfunction, as it does for other
liver enzymes such as cytochromes P450 [22]. Addition-
ally, patients with HNC are more frequently co-adminis-
tered than other patients with a variety of drugs for
supportive care (e.g., local antibiotics and artificial nutri-
tion) likely to interact with DPD activity, on a classical
drug—drug interaction basis.

5-FU dosage was empirically tailored according to the
DPD status, and mean final doses were found to be lower
when compared with standard doses required for treating
HNC. As a result, a marked reduction in treatment-related
toxicities was achieved. In the control group undergoing
standard therapy, 22% of the patients experienced severe
toxicities, one ending with fatal outcome. This figure is
fully consistent with the usual adverse drug reactions
reported with fluoropyrimidine drugs [1, 12]. Incidence of
severe toxicities was reduced by more than the half (9%)
in the Prospective Group, and no toxic death was
encountered anymore, an observation in line with the dose
reduction performed before administrating the drug in the
patients identified as possibly DPD deficient. Because a
major concern of such dose reduction is a negative impact
on treatment efficacy, we monitored response rates as a
clinical endpoint. To this end, responses were compared
between Reference and Prospective subsets of patients
fully comparable clinically (e.g., first-line radiochemo-
therapy) and compared with historical response rates
usually found in the literature with patients with HNC.
Similar response rates were achieved in the Reference and
Prospective Groups, thus suggesting that our strategy
helped to secure the administration of 5-FU, without
impacting negatively on the treatment efficacy. Besides,
the overall 60% response rates found in our patients is
consistent with efficacy usually reported in others study
[3, 25, 26]. Overall treatment time (OTT) of radiotherapy
was improved in the Prospective Group (P = .084),
whereas several patients had to have their protocol post-
poned or canceled in the Reference Group. Because it is
fully acknowledged that any delay >1 week in radio-
therapy unfavorably impact on survival [8, 20], our
strategy should improve clinical outcome in patients
scheduled for 5-FU-based radiochemotherapy. This DPD-
based dose-tailoring strategy is now routinely used in our
institute for any patient eligible for 5-FU or oral 5-FU
therapy.
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Conclusions

Here, DPD issue was addressed using a simple functional
test that met the requirements of routine clinical practice.
Subsequent 5-FU dosage adjustment greatly minimized the
toxicity arisen from using fluoropyrimidine drugs, without
compromising their efficacy. Our data showed as well that
patients with HNC presenting with some DPD deficiency
are more frequent than initially expected. Further investi-
gations will have to be performed to understand this ele-
vated rate of deficiency.

Although non-randomized, this study suggests that
prospective use of DPD status has an immediate clinical
benefit by reducing the drug-induced toxicities incidence
found in patients treated with 5-FU and by allowing an
optimal administration of several courses in a row. Our
preliminary results advocate systematic DPD status
screening in patients eligible for treatment with fluoro-
pyrimidine drugs for HNC.
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