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Abstract: Neopterin is a biomarker of host response to neo-
plasia. In the present study, urinary neopterin was deter-
mined during the course of (chemo)radiation in ten patients
with gynecological tumors (nine patients with cervical
carcinoma and one patient with carcinoma of the vulva).
Baseline urinary neopterin concentrations were, gener-
ally, above the normal range. Neopterin concentrations
were relatively stable during the first 5 weeks of combined
(chemo)radiation. Marked peaks of neopterin concentra-
tions reflected the emergence of complications. Neopterin
could represent a useful biomarker for the assessment of
the condition of the patients during this aggressive therapy.
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Introduction

Immune response and inflammatory reaction play a fun-
damental role in the control of tumor growth or progres-
sion [1]. There is also mounting evidence indicating that

immune and inflammatory responses are activated during
anticancer therapy. It is currently widely recognized
that surgical interventions elicit systemic inflammatory
response. An induction of systemic inflammatory response
has also been described for cytotoxic chemotherapy.

Neopterin, a heterocyclic compound, is produced
from guanosine triphosphate (GTP) by activated mac-
rophages. The activity of GTP cyclohydrolase, the enzyme
responsible for the production of neopterin, is induced by
interferon-y, a cytokine produced by T-lymphocytes and
natural killer cells [2]. Because of the interactions within
the cytokine network [3], neopterin concentrations reflect
both systemic immune and inflammatory responses. Neop-
terin may be determined in the serum or in urine, and both
serum and urinary neopterin concentrations have been
validated as biomarkers of systemic immune and inflam-
matory response in a wide range of disorders ranging from
acute myocardial infarction, autoimmune diseases, infec-
tions to virtually all malignant tumors [4-9].

In previous investigations, increased neopterin con-
centrations have been reported during the administration
of biological agents or systemic chemotherapy [10, 11].
More recently, we have described an increase in urinary
neopterin concentrations in patients with head and neck
carcinoma treated with external beam radiation [12, 13].
Pelvic radiotherapy is associated with irradiation of the
intestines or bone marrow that could be expected to be
accompanied by an even more extensive activation of the
immune system than in the case of head and neck tumors.
In the present pilot study, we investigated urinary neop-
terin in patients treated with pelvic radiotherapy.

Patients and methods

Nine patients with carcinoma of the uterine cervix and one patient with
carcinoma of the vulva treated with pelvic radiotherapy were included in
the present exploratory analysis (Table 1). Patients were staged accord-
ing to the Fédération Internationale de Gynécologie et d’Obstétrique
(FIGO) classification [14]. All patients with cervical carcinoma were
treated with concomitant weekly cisplatin (40 mg/m?), while the patient
treated for carcinoma of the vulva received radiotherapy alone.
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Table 1 The patient cohort.
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Patient Age, years Histology FIGO stage Baseline urinary neopterin,

pmol/mol creatinine
1 49 SCC 1.B 301
2 36 SCC 1.B 205
3 60 Adenocarcinoma 1.B 62
4 42 SCC 111.B 110
5 70 Adenocarcinoma 111.B 307
6 45 SCC 1.B 198
7 50 Adenocarcinoma 111.B 394
8 49 Adenocarcinoma 11.B 359
9 51 Adenocarcinoma 11.B 267
10 76 SCC (vulva) Recurrent 353

FIGO, Fédération Internationale de Gynécologie et d’Obstétrique; SCC, squamous cell carcinoma.

Patients with carcinoma of the uterine cervix were treated with
whole-pelvis three-dimensional conformal radiotherapy using a lin-
ear accelerator with 18-MV photons. Dose was prescribed at the ICRU
(International Commission on Radiation Units and Measurement)
point and was 50 Gy in 25 fractions (2 Gy per fraction). In patients
with cervical cancer, treated with intracavitary high-dose-rate brachy-
therapy, the dose was prescribed to a selected reference “point A”
(defined as a point 2 cm lateral to the cervical canal and 2 cm superior
to the ovoids). Dose for organs at risk was reported using individual
points for the bladder and rectum. Patients underwent six fractions of
brachytherapy, 4 Gy per fraction, three fractions per week. The dose
in the patient with recurrent carcinoma of the vulva was 50 Gy in 25
fractions to the vulva and bilateral inguinofemoral lymph nodes, with
a boost of 16 Gy in 8 fractions to the left groin (to the tumor mass).

Early morning urine specimens were collected before and dur-
ing the course of radiotherapy. The sample collection was usually not
done on days when patients were not in the hospital (usually during
weekends or pauses caused by bank holidays) or during interrup-
tions of treatment. Thus, at the visit of the same number, the timing of
sample collection from treatment start differed in individual patients.
The samples were stored at -20°C until analysis. Urinary neopterin
was determined with a modification of the method described previ-
ously [15]. Briefly, after centrifugation (45 s, 12,000xg) and dilution
of 100 pL of urine specimens with 1.0 mL of mobile phase containing
disodium-EDTA (2 g/L), the samples were filtered using a microtiter
filter plate (AcroPrep 96, 0.2 um/350 uL; Pall Life Science, Ann Arbor,
MI, USA) and a vacuum manifold (Pall Life Science), and then injected
into a column. Neopterin was determined using a high-performance
liquid chromatography system (Prominence LC20, Shimadzu, Kyoto,
Japan) consisting of a special autosampler with Rack changer/C for
the microtitration plates, a degasser (DGU-20A5), two liquid chro-
matograph pumps (LC-20 AB), an auto sampler (SIL-20AC), a column
oven (CTO-20AC thermostat), a fluorescence detector (RF-10AXL), a
diode array detector (SPD-M20A) and a communications bus mod-
ule (CBM-20A). Phosphate buffer (15 mmol/L, pH 6.4), with a flow
rate of 0.8 mL/min, was used as the mobile phase. Separation was
performed using a hybrid analytical column (Gemini Twin 5 , C18,
1503 mm; Phenomenex, Torrance, CA, USA) at 25°C; the injection
volume was 1 uL. Neopterin was identified by its native fluorescence
(353 nm excitation, 438 nm emission wavelength). Creatinine was
monitored simultaneously in the same urine specimen with a diode
array detector at 235 nm. Time of analysis for urinary neopterin and

creatinine was 6 min, and the analytes were quantified by external
standard calibration. Neopterin concentrations were expressed as
neopterin/creatinine ratio (umol/mol creatinine).

Urinary neopterin concentrations before and during radio-
therapy were compared using the Wilcoxon signed rank test and the
Friedman test. The decision on statistical significance was based on
a p=0.05 level. The analyses were performed with NCSS software
(Number Cruncher Statistical Systems, Kaysville, UT, USA).

Results

Baseline urinary neopterin concentrations were, generally,
above the normal range (Table 1). Urinary neopterin con-
centrations were relatively stable during the first 5 weeks
of combined (chemo)radiation (Figures 1-3). Marked peaks
of neopterin concentrations reflected the emergence of
complications. No statistically significant changes were
observed when neopterin concentrations at each visit were
compared to baseline using the Wilcoxon signed rank test.
In nine patients with cervical cancer treated with chemo-
radiation, no significant difference was observed between
urinary neopterin concentrations before and at the end
of treatment after (meantstandard deviation) 47+12 days
(2454111 vs. 2854121 pumol/mol creatinine, p=0.477). In
addition, the Friedman test performed on the data of cer-
vical cancer patients treated with chemoradiation also
revealed no significant trend (p=0.861).

Discussion

In the present pilot study, we could not detect any signifi-
cant increase in urinary neopterin concentrations during
external beam radiation in patients with gynecological
cancetr, mostly cervical carcinoma. Present data indicate
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Figure1 Urinary neopterin concentrations during the course

of chemoradiation in patients 1and 2. Patient 1, who had stage

III.B cervical carcinoma and increased baseline urinary neopterin
concentrations (301 umol/mol creatinine), started external beam
radiotherapy on the day of visit 1 and the first administration of
cisplatin on the day of visit 6. Uterovaginal brachytherapy was
initiated on the day of visit 30 and continued for six fractions, with
the last fraction administered on the day of visit 39. On the day of
visit 37, the patient reported a burning sensation in the genital area.
Systemic administration of ciprofloxacin and metronidazol was
started and continued for 10 days. This episode coincided with a
marked increase in urinary neopterin concentrations. A peak urinary
neopterin level of 1187 umol/mol creatinine was observed on the
day of visit 39 (on this day the patient reported chills). Patient 2
also had stage I11.B cervical carcinoma and baseline neopterin con-
centrations on the upper limit of the normal range (205 umol/mol
creatinine). External beam radiotherapy was started on the day of
visit 1, and administration of cisplatin was initiated on the day of
visit 4. Uterovaginal brachytherapy was started the day before visit
35. Clinically, the course of treatment of this patient was unevent-
ful. The therapy was complicated only by mild (grade 2) leukopenia.
Only mild fluctuations of urinary neopterin concentrations were
observed that were not accompanied by clinical symptoms.

that, in the absence of complications, urinary neopterin
concentrations show only mild fluctuation throughout
the course of therapy, without a significant trend. These
negative findings contrast with observation recently
reported in a cohort of patients with head and neck carci-
noma of similar size [12, 13]. In fact, it might be expected
that the chemoradiation regimen used in cervical cancer
would result in a marked activation of systemic immune
response reflected in increased neopterin concentra-
tions. All major cell populations responsible for the host
response to neoplasia are present in the peritoneal cavity,
including monocytes/macrophages [16], and these cells
may be activated by therapeutic manipulations [17]. More-
over, both chemotherapy and radiation cause a significant
damage to the intestinal barrier [18] that results in the
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activation of the systemic immune response. This could
not be observed in the present cohort, and only in indi-
vidual patients was a marked increase in urinary neop-
terin concentration noted that reflected the emergence of
the complications of therapy rather than a direct effect of
the treatment itself. Similarly to the present study, no sig-
nificant increase in urinary neopterin concentrations was
reported earlier in patients with rectal cancer treated with
chemoradiation [18].

There are several possible explanations for the nega-
tive findings in the present pilot study. First, the size of
the cohort was small and may have been insufficient to
detect a more limited change in urinary neopterin con-
centrations. Moreover, the pretreatment urinary neop-
terin concentrations were relatively high and above
normal range in most patients. High neopterin concen-
trations may decrease as a consequence of tumor control.
The samples were usually not collected during treatment
interruptions, making comparison of values obtained
at the same visit in different patients difficult. Conse-
quently, statistical analyses performed here have to be
regarded as exploratory.

Although biomarkers play an increasingly impor-
tant role in the management of cancer patients, the use
of biomarkers associated with the host response to neo-
plasia is still limited [19]. Neopterin is a well-established
biomarker of immune system activation [4, 20]. The prog-
nostic significance of increased systemic neopterin con-
centrations has been demonstrated across a spectrum of
malignant disorders [8]. Increased urinary neopterin con-
centration is also an independent parameter associated
with poor prognosis in cervical cancer [21]. However, in
the present study, the number of patients examined was
too small to analyze an association between neopterin
concentrations before or during chemoradiation with the
outcome.

High neopterin concentrations in cancer patients
may be associated with a down-regulation of immune
response [22, 23]. The immune system plays an impor-
tant role in the progression of abdominal and pelvic
neoplasms [16]. The fact that neopterin concentrations
may also increase as a result of non-neoplastic disorders
[4] represents an advantage, and assessment of neop-
terin levels may help to detect a wide range of different
complications.

Pelvic chemoradiation is an effective therapeutic
modality in adjuvant treatment as well as in patients
with inoperable cervical carcinoma [24-26]. In contrast,
chemoradiation is an aggressive therapy that results in
a significant percentage of serious, in extreme cases
even lethal, complications. Timely management of
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Figure 2 Urinary neopterin concentrations during the course of chemoradiation in patients 3—-6, who had cervical carcinoma. The marked
increase in urinary neopterin concentrations in patient 5 starting with visit 11 was associated with dyspeptic complaints accompanied by
diarrhea and fatigue. Subsequently, the patient had skin rash. The peak urinary neopterin concentrations in patients 3 and 4 were accom-

panied only by minor complaints.
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Figure 3 Urinary neopterin concentrations during the course of
chemoradiation in patients 7-10. In patient 8, the peak urinary
concentration on the day of visit 12 coincided with the manifestation
of skin rash on the lower extremities. Other peak neopterin values
were accompanied only by minor complaints. Patients 7, 8 and 9
had cervical carcinoma. Patient 10 had recurrent carcinoma of the
vulva and was followed only shortly because local reaction made
the collection of urine specimens difficult.

complications of therapy is of great importance. Present
data indicate that urinary neopterin concentrations are
relatively stable during the course of pelvic (chemo)-
radiation. A rise in urinary neopterin concentration
may indicate the presence of complications. While some
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