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Abstract— Twenty patients with invasive cervical cancer of the squamous cell type were
treated by radiotherapy andfor radical hysterectomy. During a follow-up period of
approximately2 yrin 10wf these patients arecurrence was established. Serial determinations of
three acute phase reactants (oty-acid glycoprotein, haptoglobin and C-reactive protein) and of
three complement components (C4, C3-proactivator and C9) were performed before and after
therapy and either at the time of recurrence (recurrence group), or at the end of the follow-up
period (non-recurrence group). Sequential analysis of the serum levels of all the parameters
tested showed a significant increase at the time of recurrence. The most conclusive results were
obtained with haptoglobin and the C9-component of complement.

INTRODUCTION

EarLy diagnosis of cancer recurrence is a
prerequisite for the successful treatment of the
patient. Since the conventional clinical
methods only allow for the detection of re-
currence at a rather late stage, a large num-
ber of studies have been undertaken to exa-
mine biochemical parameters for their poten-
tial to reflect tumour mass. Attention has been
focussed on the detection of unique tumour
products, which might meet the criteria of
specificity and sensitivity. At present only
human chorionic gonadotrophin in choriocar-
cinoma, alpha-foetoprotein in malignant he-
patoma and some teratoma and carcinoem-
bryonic antigen in colorectal cancer fulfill
these requirements to some extent [1, 2].

It 1s conceivable, however, that physiologi-
cal body fluid proteins in cancer patients may
vary from normal values to such a degree,
that they might serve as indicators of tumour
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mass. In this respect, acute phase reactants
(APR) and complement components (CC)
have been investigated in several human mal-
ignancies and it has been demonstrated that
abnormalities in the serum levels of these
factors are frequently found [3-11]. Studies in
patients with cervical cancer have until now
been limited to protein analysis of a single
APR, i.e. a;-antitrypsin [12].

Most of the investigations on changes in
serum levels of APR and CC have been
designed in a transversal fashion, comparing
patients with different stages of cancer with
healthy individuals. In case the results sugges-
ted a progressive change in the mean values
of the investigated parameters towards the
advanced stages relative to the control group,
the conclusion was often put forward that
abnormal serum levels concur with a bad
prognosis, recurrence or hidden metastases.
However, quantitative changes in APR and
CC cannot be expected exclusively to reflect
malignant growth, because abnormal levels of
APR are also observed in response to injury,
infection and some chronic diseases. Further-
more, the complement system is a defense
mechanism triggered by many agents. Consider-
able individual variations of APR and CC-
proteins due to differences in phenotypes,
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production rates, catabolism, age andjor
sex are known to exist. It therefore seems
unlikely that a single determination of APR
or CC will allow the detection of tumour
recurrence in individual patients. However,
changes in serum levels which follow a dis-
tinct pattern as detected by serial measure-
ments in a single patient might reflect tumour
growth. This approach was recently advo-
cated in the literature and promising results in
some patients with colorectal cancer [13, 14],
breast cancer [15] and neuroblastoma [16]
have been claimed. In the present investi-
gation three APR («;-acid glycoprotein, hap-
toglobin and C-reactive protein) and three
CC (C4, C3-proactivator, and C9) have been
determined in a longitudinal fashion in 20
patients with invasive cervical carcinoma. The
aim of the study was to establish whether or
not, (a) pre- or posttreatment serum levels are
of prognostic significance and (b), values
obtained by limited serial determinations will
allow for detection of tumour recurrence in
individual patients.

MATERIALS AND METHODS

(a) Patients

Twenty patients with invasive cervical car-
cinoma were vestigated. Of these, 10 de-
veloped a recurrence while the remaining 10
patients were found to be tumour-free at the
end of the follow-up period of about 2yr.
These patients were the first recurrence and
non-recurrence cases in a group of 100 pa-
tients included in a research program on
potential prognostic and monitory markers in
invasive cervical cancer. All tumours . were
classified histologically as squamous cell car-
cinomas varying from a non-differentiated to
a well-differentiated type. Stages were defined
according to the FIGO principles [17]. Data
on therapy and recurrence are shown in
Table 1. One patient had a heart attack
during the follow-up period for which a' pace-
maker had to be inserted. She is considered
tumour-free up till now. Onc patient died as

Table 1.

a consequence of radiation therapy (bilateral
ureteral obstruction). At autopsy both para-
metria were completely fibrotic, but no cancer
ussue was detected. Serum levels of the
investigated parameters were normal threc
months prior to death. One patient was suffer-
ing from hypertension for which she was treated
with furosemide and a-methyldopa. In the
course of the follow-up period she started to
suffer from severe recurrent cystitis; no cancer
recurrence occurred in this patient. The re-
maining patients were not suffering from
major disease during the follow-up period,
other than cervical carcinoma.

(b) Serum proteins

«,-Acid  glycoprotein  (2,-AGP), haptog-
lobin (Hp), C-reactive protein (CRP), C3
pro-activator (C3PA) and C4 were deter-
mined by single radial immunodiffusion.
Antisera, standards and immunodiffusion
plates were obtained from Behringwerke. C-re-
active protein was quantitatively determined
only in sera that were positive in the latex
agglutination test (Behringwerke). The lower
level of detection of this test is approximately
1 mg/100ml. The serum levels of each protein
were determined in duplicate and were cx-
pressed in mg/100ml. Rocketelectrophoresis
was performed to determine C9 levels. Since
no standard protein was available, a reference
serum composed of the pooled sera of four
healthy individuals, was run as internal stan-
dard; C9 values were expressed in per cent of
this normal pool.

(¢) Blood sampling

The first blood sample of each patient was
taken 6 days before starting therapy (T1).
During treatment, and immediately thereafter
a considerable increase in serum levels of the
different parameters was observed, caused by
tissue destruction and infections associated
with operation and radiotherapy. In most
cases this elevation leveled off after a few
weeks. The second sample (T2) was taken at
the time the serum levels of the particular

Distribution of slage, recurrence and therapy modality in 20

patients with invaswe cervical carcinoma

Stage (FIGO)
Number of patients
Recurrence
Radiotherapy only

Radical hysterectomy + lymphadcencctoms

Megavolt therapy after operation

I I 11l
6 6 8
0 K} 5
1 5 8
5 I 0
1 1
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ARP and CC had stabilized. On the average,
this was about 13 weeks after the first sample,
both in the recurrence and the non-recurrence
group (range 6-21). The third sample (T3)
was the final bleeding in each patient. In the
recurrence group this was the sample taken at
the time recurrence was clinically established
(5 patients). In 4 patients, the final sample
was taken 8, 5, 6 and 26 weeks before and in
one patient 6 weeks after recurrence was
ascertained. The mean point of time of the
final bleeding in the recurrence group was 43
weeks (range 15-89) and in the non-
recurrence group 108 weeks (range 73-146)
after the first sample.

The sera were divided into 0.6 ml samples
and stored at —20°C. Each aliquot was thawed
only once for use in this study. Analyses
of the samples of a single patient at T1, T2
and T3 were carried out simultaneously.

(d) Statistical methods

The one-sided Wilcoxons two rank sum test
was applied, unless otherwise stated.

RESULTS

The median serum values of the investi-
gated parameters at the three different points
in time and the corresponding ranges are
given in Table 2. In Figs. 1-3 serum values for

each parameter in every patient at T1, T2
and T3 are presented. For clarity’s sake, the
time gap between Tl and T2, or T3 re-
spectively, has been averaged as described in
Materials and Methods.

The difference between the pretreatment
values of the recurrence and non-recurrence
groups was statistically significant (P <0.05)
for Hp, C4 and C9, but not for «,-AGP and
C3PA. Grouping of pretreatment levels in
relation to tumour stage revealed a significant
difference for Hp, C4, C3PA and C9
(Kruskal-Wallis test, P<0.05). No differences
for these various parameters were found be-
tween stages II and III. Combining stages 11
and III and comparing these with stage I
significant differences were detected for all
parameters investigated (P<0.01). If clinical
recurrence is considered as an outgrowth of
tumour cell clusters not eliminated by the-
rapy, an increment in the serum levels of the
investigated parameters in the recurrence
group after therapy would be conceivable.
However, no significant differences between
the recurrence and non-recurrence group were
found at T2. At T3 statistically significant
differences between the recurrence and non-
recurrence group were found for all the in-
vestigated parameters with the exception of

'C4 (P<0.01).

The longitudinal nature of this study per-
mits a different sort of analysis. The increase

Table 2. Median serum levels (ranges in parentheses) of the investigated proteins in
20 patients with invasive cervical cancer

Investigated Tl T2 T3
Proteins Non-recurrence
o,-APG 93(40-166) 82(52-138) 80(40-117)
Hp 238(82--502) 232(134-330) 220(96-322)
CRP <l(<1-2) <l(<l-<1) <1(<1-1.9)
C4 35.2(14.845.6) 33(21.644.8) 39.8(20.846.8)
C3PA 22.4(7.8-30.2) 22.4(10.0-27.6) 21.5(16.0-27.2)
C9 126(89-212) 145(105-203) 125(73-178)
Recurrence
o,-APG 104(61-183) 89(67-166) 162(78-300)
Hp 345(176-598) 234(47-638) 508(282-678)
CRP <l1l(<1-2.1) <1(<1-3.1) 2.4(<1-25.6)
C4 44.6(32.4-80.8) 36.2(19.4-60.4) 45.9(24.2-71.6)
C3PA 26.2(16.641.6) 25.5(15.2-36.2) 34.3(25.8-44)
C9 169(128-262) 157(86—264) 226(143-294)

o-APG =a,-acid glycoprotein, Hp =haptoglobin, CRP = C-reactive protein, C3PA
=(C3-proactivator, T1=before therapy, T2=after therapy, T3=time of the final
bleeding. C9, determined by rocketelectrophoresis is expressed in per cent of normal.
The other proteins have been determined by single radial immunodiffusion and are

expressed in mg/100 ml.
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Fig. 1. ay-Acid glycoprotein and haptoglobin serum levels in 20 patients with invasive cervical

carcinoma, before and afier therapy, al the time of recurrence and at the end of the follow-up period.
@O = patients with a recurrence; O O = patients without a recurrence; [ = normal

range.

of any given parameter in the final two
samples of a single patient can be expressed
as:

T8 —T2 (serum value)/T3 -T2 (weeks).

This value has not been computed for the
complement components in one recurrence
patient, because for the analysis of these pro-
teins no sample was available at T3. The
differences in longitudinal increase between
the recurrence and non-recurrence groups
were statistically significant for all the para-
meters tested (P<0.01). For Hp and C9, no
overlap between the values of the recurrence
and non-recurrence group was observed.
Because most serum levels remained below
the level of detection with the latex aggluti-
nation test, C-reactive protein values have not
been included in the statistical analyses. From
Fig. 3 it mav be concluded that an increase of

CRP to over 1 mg/100ml raises suspicion of
recurrence, provided the patient does not suf-
fer from some other disease. The one non-
rccurrence case with a detectable CRP level
(1.9mg/100ml) at T3 was a patient with
severe recurrent cystitis (see Materials and

Methods).

DISCUSSION

In the present study statistical evaluation of
pretreatment levels of Hp, C4 and C9 were
correlated with the prognosis. On further con-
sideration, it was concluded that the differ-
ences in the serum levels of these three proteins
at T1 merely reflected differences in tumour
stage. Therefore, the pretreatment levels of
the investigated proteins are not of more
prognostic value to the individual patient with
invasive cervical carcinoma than the clinical
assessment of tumour Stag(‘.
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Fig. 2. C4, C3-proactivator and C9 serum levels in 20 patients with invasive cervical

carcinoma, before and after therapy, at the time of recurrence and at the end of the follow-up

period. @—@ = patients with a recurrence; O—Q = patients without a recurrence;
[ =normal range.

A significant difference in the serum levels
of the investigated proteins (except C4) could,
however, be demonstrated between the re-
currence and non-recurrence group at T3.
Sequential studies in single patients yielded
variations in time which seem more indicative
of recurrence for the individual patient.
Longitudinal increases of all the investigated
parameters were suggestive of tumour mass at
the time of clinical recurrence (in 4 patients
even 8-26 weeks prior to recurrence). Most
conclusive in this respect were Hp and C9,
because no overlap between recurrence and
non-recurrence values was observed. 1t is note-

worthy that the serum levels of the CC,
seem to follow the same pattern as those of
APR. Indeed, it has been described in some
other diseases that several individual CC re-
spond as APR [18-20].

As increased APR and CC levels not only
reflect tumour growth but also tissue de-
struction and infectious processes, associated
with operation trauma and radiotherapy, mo-
nitoring can only be undertaken several weeks
after therapy. Moreover, if a patient contracts
a disease during the follow-up period, which
in itself may cause elevated serum levels of
APR and CC, no conclusions with regard to
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Fig. 3. C-reactive protein serum levels in 20 patients with invasive cervical carcinoma, before and after
therapy, at the time of recurrence and at the end of the follow-up period. @—@ = patients with a
recurrence; O O = patients withou! a recurrence; 1 mg/100 ml = lower level of detection.

tumour recurrence should be drawn. It is our
experience, however, that such conditions will
be recognized by the clinician and sub-
sequently will not lead to “false positive”
interpretations. In spite of these obvious draw-
backs due to non-specificity, the data ob-
tained indicate that on the basis of sequential
determination of APR and CC, with emphasis
on Hp and C9, tumour growth can poten-
tially be monitored. If it can be established
that the serum levels of these proteins start o
increase at an carly stage of recurrence. these
findings may have important clinical value.
Studics arc in progress to determine whether

Al

sequential measurement of APR and CC at 3
or 4 months intervals will actually lead to an
early detection of tumour recurrence.
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