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ABSTRACT

In vitro, neopterin, a pyrazinopyrimidine compound, is excreted
by human monocytes-macrophages after induction by supema-
tants from activated T-lymphocytes or by recombinant 7-inter-

feron. In vivo, it represents a noninvasive test for activation of
cellular immune reactions. To evaluate the prognostic value of
pretherapeutic urinary neopterin levels and of serial neopterin
measurements during follow-up in women with cervical cancer,

1088 urine specimens from 186 consecutive patients were ana
lyzed. Clinical assessments were made without knowledge of
the results of neopterin assays (a "blinded" assessment). During

the observation period (June 1980 to March 1984), 27 relapses,
18 mÃ©tastases,and 26 deaths were seen. The prognostic sig
nificance of pretherapeutic neopterin and other possible prog
nostic clinical and laboratory parameters was tested by the
univariate and multivariate Cox proportional hazards model using
a stratification according to stage and surgical treatment. The
combination of age at diagnosis, pretherapeutical hemoglobin,
leukocyte count, and neopterin was found to predict survival
best. On the basis of this result, risk groups were identified
exhibiting markedly different survival behavior. A highly signifi
cant association was found between serial neopterin measure
ments and the risk for a relapse, metastasis, or death. The data
suggest that urinary neopterin levels might be a useful adjuvant
parameter in monitoring women with cervical cancer.

INTRODUCTION

More is known about the behavior of cervix carcinoma than of
most other human malignant tumors (1). The clinical stage-

grouping system for this lesion has proved to be efficient for
almost half a century (2). However, as in other tumors, reliable,
noninvasive biochemical markers yielding adjuvant information
on the course of disease in an individual patient will be a helpful
tool for the physician.

Neopterin is a pyrazinopyrimidine derivative biosynthesized
from GTP. By means of mixed cultures of peripheral blood
mononuclear cells, it was demonstrated that in vitro the activa
tion of the constituents of the cellular immune system is invariably
accompanied by increased levels of neopterin excretion into the
culture medium (3). Furthermore evidence was presented that,
upon stimulation with soluble factors derived from activated T-
lymphocytes, human monocytes-macrophages release neopterin
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into supernatants and that -y-interferon is the most active prin

ciple inducing this phenomenon (4). A possible participation of
certain other pterins in the control of stimulation and proliferation
of lymphoid cells has been suggested by others (5).

In vivo, increased urinary neopterin excretion was demon
strated in diseases in which cellular immune mechanisms are
known to play a role, e.g., in patients suffering from viral (6),
intracellularly living bacterial (7), or protozoal (8) pathogens; from
acute cellular graft rejection (9) or graft-versus-host disease (10);

from the acquired immune deficiency syndrome (11); and from
certain cancers (12). First results obtained in women with genital
neoplasms have suggested that urinary neopterin might be of
use in the follow-up of these patients (13).

The present study was initiated to evaluate, in a blind manner,
the effectiveness of the immunological marker neopterin in cer
vical cancer with respect to two different aspects, (a) The prog
nostic significance of pretherapeutic neopterin values in newly
diagnosed subjects and that of clinical and other routinely deter
mined and thus easily accessible laboratory parameters was
estimated by routine statistical techniques. One major goal at
this step was to identify a reasonable cut-off value for dichotom

izing the range of neopterin levels (and the other continuously
coded parameters) to simplify the subsequent multivariate anal
yses. Multivariate evaluation by Cox's proportional hazards

method was used to study the question whether pretherapeutic
neopterin values bear prognostic information in addition to other
laboratory and clinical parameters. For this part of the investi
gation, the end point for the statistical analysis was defined as
the time of death due to the malignant lesion, (b) We studied the
ability of serial neopterin measurements during follow-up of the

patients to predict the current risk of a critical clinical event, such
as relapse, metastasis, or death.

MATERIALS AND METHODS

Patients. All women who had histologically proven carcinoma of the
cervix and who were diagnosed and under medical care in the University
Hospital, Innsbruck, Austria, between June 1980 and March 1984 were
included in the study. The closing date for follow-up was August 1984.

Stage-grouping was performed according to criteria of the Interna

tional Federation of Gynecology and Obstetrics (2). There were 64
patients with Stage I, 34 with Stage II, 71 with Stage III, and 17 with
Stage IV. The median follow-up time Â¡npatients with Stage I was 15.6

mo, in stage II patients, 13.3 mo, in Stage III patients, 12.4, and in Stage
IV patients, 3.2 mo.

There were 168 patients with squamous cell carcinoma, 17 with
adenocarcinoma, and 1 patient with leiomyosarcoma of the cervix. All
cell types were combined in our analyses on the basis of previous results
(13).

After diagnosis and onset of therapy, the patients were followed up in
3-mo intervals. They were examined for relapse or mÃ©tastases by the
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usual clinical and roentgenological procedures, and their morning urines
were tested for neopterin levels.

Of these 186 patients, 27 experienced a relapse, 18 a metastasis,
and 26 patients died during the observation period. Some of these
deaths were not preceded by prior clinical detection of relapse or
metastasis, but death due to cancer was histologically confirmed.
Twenty-five of the deaths were due to uncontrolled tumor, and one

resulted from an intercurrent disease (inherited renal failure). This latter
case was considered as censored observation. Of the 160 women who
were alive at last observation, 72 had been followed up for 5 to 12 mo,
51 for 1 to 2 yr, 30 for 2 to 3 yr, and 7 for more than 3 yr.

The study was performed in a "blind" manner. The attending physician

was not aware of the current neopterin values of a patient, and the
measurement of neopterin was done without prior knowledge of the
patients' clinical status. In particular, therapeutic and diagnostic decisions

were made independently of neopterin measurements.
Treatment Schedule. The patients were treated according to a stand

ard schedule. Patients with tumor in Stages I and Ha received radical
hysterectomy except those with contraindications against surgery as
adipositas or age. This latter group and the women with advanced
stages (Stages lib to IV) underwent combined radiation therapy with
three radium implants and external beam irradiation. Operated patients
with tumor in Stages Ib and Ila and positive lymph nodes or a tumor
extension beyond 2 cm received external beam irradiation 6 wk after
surgical treatment. A radical hysterectomy was performed in 62 women,
and 124 patients received the combined radiation therapy.

Clinical and Laboratory Examinations. The following clinical and
laboratory parameters were evaluated pretherapeutically: tumor stage
and tumor histology; urinary neopterin (/imol/mol creatinine); erythrocyte
sedimentation rate (mm/h); leukocyte count (mm~3); hemoglobin level (g/

liter); serum urea (mg/liter); liver function tests (serum aspartate amino-
transferase, serum alanine aminotransferase, -y-glutamyl transferase,

alkaline phosphatase, bilirubin); i.v. pyelography; body weight per body
length (kg/m), and age at diagnosis (yr).

Measurement of urinary neopterin was described in detail elsewhere
(14). Briefly determination was performed by high-pressure liquid chro-

matography using the Vanan neopterin system (Vanan Associates, Palo
Alto, CA). The neopterin kit including standard samples and test urine
specimens was used. One hundred n\ of urine specimens were mixed
with 1 ml of diluent (neopterin kit; VarÃan).Ten Â¡Aof diluted samples were
injected onto the analytical system (guard column and analytical column)
by an autosampling device. After Chromatographie separation, neopterin
was quantitated by its native fluorescence (353-nm excitation, 438-nm

emission wave lengths). Neopterin levels were related to simultaneously
estimated urinary creatinine which was measured using the UV absorp
tion at 253 nm. The results were expressed in Â¿Â»molof neopterin per mol
of creatinine. Evaluation of 1 sample took 11 min. Neopterin levels of
417 healthy volunteers were reported elsewhere (15). Pretherapeutic
neopterin values were available in 161 subjects. During follow-up of the

patients, 1088 serial neopterin measurements were performed. Total
follow-up time of all patients together was 2763 patient mo. Thus the

average frequency of neopterin determinations was about 1 measure
ment per 2.5 mo.

The other laboratory determinations were done by standard methods.
Pretherapeutic values were not always obtainable for all 186 women.
Therefore, the numbers of patients in different groups defined by one
variable do not necessarily add to 186. However, lack of records of
Pretherapeutic variables in some patients was not related to clinical
features of these women.

Statistical Procedures. The association of the laboratory variables
with stage was studied by the nonparametric Kruskal-Wallis test. The

influence of radiation therapy on neopterin values was assessed by the
comparison of values before and during therapy by means of the Wil-
coxon matched-pairs signed rank test.

Univariate analyses of survival were performed by the product-limit
method [Kaplan-Meier; (16)]. Thus separate survival curves were estab

lished for groups of women with different pretherapeutic characteristics.
For continuous covariates, patients were dichotomized by choosing a
cut-point that maximized the difference between the resulting survival

functions, namely that maximized the Breslow statistic (17). For cate
gorical covariates, survival curves were determined for each category.
The significance of differences between the survival functions of the
resulting patient groups was evaluated using the Breslow test. The P
values in Table 2 are somewhat too small for those variables, whose
cut-off levels had been determined by maximizing the Breslow statistic,
since the null distribution is no longer x2.

These variables were subsequently analyzed in a multivariate fashion
using a stepwise version of Cox's proportional hazards model (18), as

implemented in Program BMDP2L (BMDP Statistical Software, 1983
edition, University of California Press). This technique identifies the
subset of the variables that discriminates best between patients at high,
medium, or low risk of death. The multivariate analysis was stratified
(19) in the following fashion. Stratum I comprised patients in Stages I
and Ila, who had received radical surgery; Stratum III comprised patients
in Stage IV; and Stratum II included all others. The stepwise process of
variable selection is defined by the computer program, BMDP2L. The
"P-to-enter" value was 0.10, and the "P-to-remove" value was 0.15.

For the analysis of the relation between serial neopterin measurements
and the risk of a critical clinical event (relapse, metastasis, or death), the
time-dependent Cox model was used (20, 21 ). Scores were assigned to

the neopterin values 0,1,2, and 3 according to whether neopterin was
in the ranges 0 to 250, 251 to 500, 501 to 1000, or above 1000 Â¿imolof
neopterin per mol of creatinine. This analysis was stratified in the same
manner as for the multivariate Cox analysis of the pretherapeutic data.
Two questions were addressed. Are those with elevated neopterin
scores at time t at higher risk at that time f? Are those with elevated
neopterin scores at an earlier time, f minus w, at higher risk at the current
time, f? An interpolation convention was made for times when no
neopterin measurement was available (20). The value at time f was taken
to be the nearest prior measurement, provided that this value occurred
no more than 100 days before time f. Otherwise, the neopterin of this
patient at the time t was taken as censored, which rendered this patient
ineligible for the risk set at this particular time f. Thus a time window for
"valid" measurements (20) was defined. A computer program in Ref. 19

was used for time-dependent Cox model calculations.
Statistical significance of the regression coefficients obtained by Cox's

model was calculated by regarding the ratio of a regression coefficient
to its standard deviation as a normal deviate. Relative risk associated
with a certain variable was determined by exponentiating the respective
regression coefficient (18-20).

RESULTS

The distributions of the pretherapeutic laboratory measure
ments grouped according to tumor stage are shown in Table 1.
Age at diagnosis, erythrocyte sedimentation rate, hemoglobin
level, and urinary neopterin are strongly associated with tumor
stage. Only a weak association was found between tumor stage
and leukocyte count, and no influence of the tumor stage on the
body weight per body length ratio could be detected.

Univariate Analyses of Survival. Table 2 shows 1-yr survival
rates for cervical cancer patients after grouping them according
to the ten clinical and laboratory parameters assessed at diag
nosis and prior to start of therapy. The end point for these
analyses was time of death due to the cancer. A good separation
between the survival curves was achieved by the following
variables (in decreasing order): tumor stage; urinary neopterin;
hemoglobin; i.v. pyelography; and erythrocyte sedimentation
rate. Serum urea, leukocyte count, age at diagnosis, and body
weight per body length ratio were found to be of moderate
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Table 1

Pretherapeutic characteristics ot patients with cervical carcinoma in different stages of the tumor

StageVariableAge

(yr)MedianQ1aQ3nESR

(mm/h)MedianQ1Q3nHemoglobin

(g/liter)Median01Q3nNeopterÃn

(^mol/mol creatinine)MedianQ1Q3nLeukocytes

(mm"3)MedianQ1Q3nWt/length

(kg/m) MedianQ1Q3nI42.635.150.46410.07.017.5561311231

4258209141261617,2005,6008,3005737.035.042.044II49.937.067.93418.013.030.03313412814034274170330297,0005,6008,4003439.036.043.030III64.356.673.47125.014.044.06312711413670260190414577,0005,8009,4007039.035.045.053IV58.954.669.81775.046.5101.5161079812317387277618148,8008,00010,9001435.034.041.014Kruskal-Wallis

testValue

P61

.1<0.0000153.3

Â«cO.0000131.8

<0.0000127.8

<0.000017.0

0.0712.84

0.42

' Q1, first quartile; Q3, third quartile; ESR, erythrocyte sedimentation rate.

prognostic value. No correlation was seen between the liver
function test and subsequent survival. The higher risk found in
younger women is probably anomalous (22). One might expect
to observe such phenomena by chance when several covariates
are surveyed, expecially because the number of deaths is small.

Multivariate Analysis of Survival. Each of the pretherapeutic
characteristics in Table 2 was included in the multivariate Cox
regression except for body weight, which was missing in 45
patients, and serum urea, which caused failure of convergence
of the iterative procedure. The analysis was stratified by stage
of disease, as discussed in "Materials and Methods." Prethera

peutic data for the remaining variables were available in 141
patients, among whom 20 died with cancer.

The stepwise selection procedure indicated that four covari
ates added significantly to stratification by stage. These varia
bles, in the order of entry into the model, were hemoglobin, age
at diagnosis, urinary neopterin, and leukocyte count (Table 3).
The relative risk of death with cancer for neopterin elevations
above 400 is 2.55 (Model 1). This relative risk remains about 2.5
when age is omitted from the model (Model 2).

To illustrate that the three factors, hemoglobin, neopterin, and
leukocyte count, do indeed add significant prognostic information
to stage, we categorized the 87 patients in Stratum II according
to the number of risk factors (0 to 3) present. Corresponding
Kaplan-Meier survival curves (Fig. 1) indicate that the 1-yr sur

vival probabilities were 97, 91, 80, and 25%, respectively, for
women with no, one, two, and three high risk indicators.

Analysis of Serial Neopterin Measurements. Some typical
patterns of serial neopterin levels are shown in Fig. 2. These
patterns are representative of most patients we observed. How
ever, 2 of 25 patients who died from cancer exhibited normal
urinary neopterin levels throughout their course of disease.

To determine whether serial neopterin measurements in pa
tients with cervical carcinoma are associated with increased risk
for certain critical clinical events, such as a relapse, a metastasis,
or death, a version of Cox's proportional hazards model for time-

dependent variables, that was developed particularly for the
analysis of serial marker values in cancer (20), was utilized.
Separate analyses were performed for three end points: time to
relapse; time to metastasis; and time to death. Two questions
were studied. Is a patient with currently elevated neopterin (zero
lag) at increased current risk for one of the events mentioned?
Is a patient whose neopterin was elevated several months ago
(the lag period) at increased risk now? The same stratification
by stage was used for this part of the analysis as for the multiple
regression analysis of pretherapeutic prognostic factors.

In the case of zero lag time, elevated neopterin levels are
correlated with elevated risk for each of the end points with high
statistical significance (Table 4). As the lag time increases, the
regression coefficients become smaller and the statistical signif
icance decreases. The serial neopterin measurements remain
statistically significant (P < 0.05; one-sided test) for a lag time of

5 mo before death and 1 mo before metastasis. A possible cause
for this rapid decline of significance with increasing lag time
seems to be the sparsity of data within the strata (20), since
unstratified analyses yield statistically significant neopterin as
sociations for lags of 1 mo before relapse and 2 mo before
metastasis.

Behavior of Urinary Neopterin Levels during and after Ra
diation Therapy. Neopterin measurements were available before
as well as during radiation therapy in 53 women who had
received combined radiotherapy without surgery. In 45 of these,
the levels during radiation were rising (P < 0.00001 ; Wilcoxon
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Table 2
One-yr survival rates of women with cervical cancer grouped according to

pretherapeutic characteristics

VariableStage

of tumor
1
IIIII

IVNeopterin

level (^mol/mol
creatinine)

Â«400
>400Hemoglobin

(g/liter)
Â«120

>120Pyelography

i.v.
No hydronephrosis
Unilateral hydronephrosis
BilateralhydronephrosisESRC

(mm/h)

Â«44
>44Serum

urea (mg/liter)
Â«520

>520Leukocyte

count (mm"3)

Â«8000
>8000Age

(yr)
<59

>59Wt/length

(kg/m)
Â«41

>41Liver

function test"

Normal
Pathologicaln6434

71
17134

2748

131148

22
9132

36163

7113

62110

76964516451-yr

survival
rate(%)98

Â±2"

93 Â±5
86 Â±5
60Â±1495

Â±2
61Â±1067

Â±9
96Â±294

Â±2
59 Â±14
67Â±1695

Â±2
59Â±1190

Â±3
63Â±2195

Â±2
79Â±685

Â±4
97Â±284

Â±497
Â±390

Â±3
75 Â±22Breslow

testValue27.522.821.220.218.89.16.74.54.41.5P<0.0001<0.0001"<0.0001"<0.0001<0.0001"0.00250.0098"0.033"0.035*0.22

8 Mean Â±SE.
" P values are somewhat too small, as discussed in "Materials and Methods."
0 ESR, erythrocyte sedimentation rate.
d Serum aspartate aminotransferase, serum alanine aminotransferase, i-gluta-

myl transferase, alkaline phosphatase, and bilirubin.

matched-pairs signed rank test). This increase was not found to

be associated with subsequent survival.

DISCUSSION

It is the current view that mammalian pteridine synthesis starts
with GTP, the first stable intermediate being 7,8-dihydroneo-
pterin triphosphate (23). In vitro, neopterin is specifically secreted
by human monocytes-macrophages (4). A large number of cell
lines (various tumor cell lines, T-cells, B-cells, large granular

lymphocytes) were tested but failed to demonstrate detectable
neopterin synthesis upon various stimuli (4). Recombinant y-
interferon was as potent in inducing the phenomenon as super-
natants from allogeneically stimulated T-cells (4). Addition of
monoclonal antibodies against y-interferon to supernatants from
activated T-cells completely suppressed neopterin release by
monocytes-macrophages (4).

Consistent with these in vitro data is the enhanced urinary

Table 3

Stratified stepwise multiple Cox regression analysis of pretherapeutic variables in
women with cervical carcinoma

Strata were: I, Stages I and Ha(radical surgery); II, defined by exclusion; and III,
Stage IV. In the Cox regression analysis, there were 141 eligible patients and 20
deaths for a global \2 statistic in Model 1 of 22.90 (4 degrees of freedom) and in

Model 2 of 20.61 (3 degrees of freedom). See Table 2 for definition of cut-off levels
of pretherapeutic variables.

Variables
in themodelModellHemoglobinAgeNeopterinLeukocytesModel

2HemoglobinNeopterinLeukocytesRegression

coefficient0.991

Â±0.563"1.147

Â±0.6950.935
Â±0.5140.81

6Â±0.4861.432

Â±0.5100.939
Â±0.5000.91

2 Â±0.481Relative

risk82.703.152.552.264.192.562.49

Â°The relative risk attributable to one variable only is estimated by the exponential

of its regression coefficient; exp(0.935) = 2.55 is the relative risk associated with
the elevation of neopterin above 400. The simultaneous occurrence of two or more
high-risk indicators is accompanied by an overall increase of relative risk equal to
the product of the single risk factors of each variable.

6 Mean Â±SD.

1.0

.9

Â«.st

.2,4

".3

.2

. 1

0.
500 1000

Days after diagnosti

Fig. 1. Product-limit survival curves of 87 patients with cervical carcinoma,
Stages Mb, lie, and III (Stratum II). Classification of the patients according to
pretherapeutic hemoglobin, neopterin, and leukocyte number. â€¢no risk factor (n
= 35); â€¢,one risk factor (n = 33); A, two risk factors (n = 15); and D, three risk
factors (n = 4). High risk ranges of the risk indicators: hemoglobin level, Â«120g/
liter; neopterin level, >400 ^mol/mol creatinine; and leukocyte count, >8000 mrrr3.

neopterin excretion observed in patients with diseases involving
activation of the cellular immune system (6-1 3). The results of

these studies indicate that the urinary neopterin excretion is a
sensitive, though not disease-specific, tool for assessing the

activation of cellular immunity in a noninvasive manner. Com
pared with other, more sophisticated tests for cellular immuno-

logical activity, the neopterin assay is simple and practicable also
for large series of routine analyses.

Monocytes-macrophages may play a key role in antitumor
activity (24). In addition, y-interferon appears to be important in

immune defense against neoplastic cells (25, 26).
Urinary neopterin is not a specific tumor marker in the usual
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Fig. 2. Typical time courses of urinary neopterin excretion in women with
cervical carcinoma. A, Stage III, 49 yr. After initial combined radiation therapy (T),
there was no evidence of disease. B, Stage III, 50 yr. After initial combined radiation
therapy (T), a diagnosis of a relapse (fl) and a metastasis (M) were noted. The
patient died soon after as a result of her tumor (D). C, Stage II, 69 yr. After initial
combined radiation therapy (T), a remission was achieved. After 17 mo, a relapse
(R) was diagnosed. D, Stage I, 72 yr. After initial radical surgery (L. Latzko
operation) and remission, a metastasis (M) was diagnosed in cecum. Hemicolec-

tomy (H) was performed; the patient now is apparently free from her tumor.

sense. However, it seems to yield information on the overall
state of cellular immunity. Therefore, the main application of this
work was not intended for primary cancer diagnosis, but, rather,
for immunological monitoring of the patients' course of disease.

Recent results suggest that the antitumor activity of macro
phages is a two-step process, priming and killing being disso

ciated (25). Persistently elevated neopterin levels might reflect
the degree of macrophage activation and thus indicate the
presence of antigen, rather than a successful effector function.
Numerous investigations have demonstrated that macrophages
infiltrate in tumor tissue, but variable effects of this process on
the tumor cells are reported.

The chief limitation of this study is the small number of critical
events (e.g., cancer deaths), which determine how much infor
mation is available for evaluating prognostic factors. Nonethe
less, neopterin levels appear to have some modest prognostic
importance, both before treatment and as an aid to serial moni
toring. Compared to other measurements like performance sta
tus, a relative risk of about 2.5 (Table 3) or 1 to 2 for a lag of 1
or more mo in serial monitoring (Table 4) is not striking. However,

Table 4

Stratified analysis of serial neopterin measurements in relation to the risk of death,
relapse, and metastasis in patients with cervical cancer

For explanation of strata, see legend to Table 3. Serial neopterin measurements
consisted of the discrete functional with the following scores: 0, neopterin Â«250;
1, 250 < neopterin s 500; 2, 500 < neopterin Â«1000; and 3, 1000 < neopterin.

DeathLag(mo)0
1
2
56Regression

coefficient81.

604 Â±0.318d

1.539 Â±0.344
0.818 Â±0.312
0.691 Â±0.378
0.246 + 0.511PÂ»<0.00001

â€¢cO.00001
0.0044
0.034
0.32Relative

riskc4.97

4.66
2.27
2.00
1.28

Relapse

Metastasis

0.969 Â±0.269
0.333 + 0.328
0.149 Â±0.298

1.032 Â±0.359
0.677 Â±0.396
0.513 Â±0.334

0.00020
0.15
0.31

0.0020
0.044
0.062

2.64
1.40
1.16

2.81
1.97
1.67

a The exponential of the regression coefficient equals the multiplicative increase
of the relative risk for neopterin score (/ + 1) compared to score /'.

"The coefficient/standard deviation ratio is regarded as a standard normal

deviate (one-sided test).
0 The relative risk of a patient with neopterin score (/ + /) compared to a patient

with score ; therefore is the exponential of the regression coefficient raised to the
/th power; the current risk of death for a patient with a score of 3, measured 2 mo
previously, is exp(0.818 x 3) = 11.6 times the current death risk of a patient with
a score of 0 measured 2 mo previously." MeanÂ±SD.

our findings on neopterin may have immunological importance
and warrant further clinical evaluation in larger studies.
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