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GYNECOLOGIC ONcoLocy 50, 68-77 (1993)

Measurement of the Soluble Membrane Receptors for Tumor Necrosis
Factor and Lymphotoxin in the Sera of Patients
with Gynecologic Malignancy
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Departiments of *Obstetrics and Gynecology and tMolecular Biology and Biochemistry, University of California frvine, Irvine, California 92717-
3900: and the tMemorial Cancer Institute, Long Beach, California 90806

Received September 25, 1992

The shed portion of the 55 and 75 kIJa membrane receptors
for tumor necrosis factor (TNF) and lymphotoxin (LT) have
been described in the serum of patients with cancer. This study
was designed to determine whether serum levels of the 55 and
75 kDa soluble TNF/LT receptors (sTNFr) had clinical signifi-
cance in patienis with gynecologic malignancies. Serum samples
from 79 patients with ovarian, endometrial, or cervical cancer
were assayed for CA 125 levels by RIA and the 55 and 75 kDa
STNFr levels by ELISA. Receptor and CA 125 levels were also
analyzed with respect to disease status and response to treat-
ment in banked serum samples from (4 patients with epithelial
ovarian cancer who had been followed clinically for 1-3 years.
Patient results were compared to serum samples tested from
normal donors. We found that serum levels of both sTNFr's
were elevated in the 79 patients with various gynecologic malig-
nancies [55 kDa of 3.07 £ 3.79 ng/ml (P < 0.02) and 75 kDa
of 2.93 + 1.27 ng/ml (P < 0.001)] compared to 16 normal con-
trols (55 kDa of 0.65 = 0.22 ng/mi and 75 kDa of 1.62 % 0.37
ng/ml). Serum levels of 55 and 75 k’a TNT/LT receptors were
a more sensitive indicator of active cancer and had greater pre-
dictive value for detecting tumor in patients with ovarian cancer
than CA 125, The sTNFt's were alsn more sensitive than CA
125 in detecting persistent or recurrent tumor and measuring re-
sponse to therapy. These preliminary results suggest that mea-
surement of serum levels of 55 and 75 kPDa sTNFr's, even
though not tumor specific, may be a uniguely new method for
tdentifying and monitoring patients with gypecologic malig-
Nancy. € 199 Academic Press, Tnc.

INTRODUCTION

The host immune response to malignancy is complex
and only partially understood. ldeally, the interaclion
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between the tumor and host lymphoid system stimulates
a cascade of events that leads to the recognition and
ultimate destruction of the tumor by cell-mediated mech-
anisms. Destruction of the tumor results etther directly
from the anti-tumor activity of cytokines [1,2] or indirectly
from cytokine activation of other host anti-tumor effector
mechanisms [3-5]. Tumor necrosis factor (TNF), which
is produced primarily by macrophages and lymphocytes
[6], and lymphotoxin (LT), produced primarily by lym-
phocytes |7], are two cytokines that are physically related
[8.9] and, white sharing common actions, also display
unique biologic activities [L0]. These cytokines function
in the inductive and tissue-destructive phases of host anti-
tumor mechanisms both in vitro [11] and in vive [12].
Although TNF and LT have anti-tumor effects, factors
that block both the in virro and in vive cytolytic activity
of these substances have been identified in cancer patients
[13.14]. Two distinct blocking {actors (BF) were identificd
in the sera of patients with a variety of cancers. the first
a 28 kDa peptide [14] that is the extracellular, N-terminal
domain of the 50 to 55 kDa cell membrane TNF-LT
receptor {15], and the second, a 28 to 30 kDa peptide
which is the extracellular domain of the 68 to 75 kDa

TNF/LT cell membrane receptor |16]. In addition, BF

bicactivity for TNF-LT has been identified in the ma-
lignant ascites of patients with ovarian cancer, but not
in ascites of patients with benign liver disease [17]. Fur-
thermore, cell-free ascites and culture supernatants from
short-term primary cultures of tumor and ascites cells
from women with different gynecologic malignancies
demonstrated BF bioactivity and also contained the sol-
uble portions of both the 55 and 75 kDa TNF/LT re-
ceptors (STNFr)} (unpublished data). These latter studies
suggest tumor tissues may be a source of BF activity in
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these patients and might explain the failure of immune
mechanisms to destroy incipient gynecologic cancers.

Of potential clinical relevance is whether quantitative
measures of STNFr might provide an objective measure
of response to treatment or assessment of disease status
in women with gynecologic cancers. We have attempted
to determine whether there are significant differences in
serum levels of 55 and 75 kDa sTNFr between normal
controls and women with active or inactive gynecologic
cancer. In order to assess this possibility, we have mea-
sured STNFr levels in the sera of women with gynecologic
malignancy and compared it to CA 125 measurements
in these same patients with respect to disease status and
response to therapy. CA 125 was chosen for comparison
since it is the most frequently used and most reliable
marker of tumor status and response to therapy in ovarian
cancer patients [18-25]. All of these studies were con-
ducted retrospectively from a bank of serum samples col-
lected over a 5-year period.

MATERIALS AND METHODS

Sample Collection and Patient Characteristics

The Division of Gynecologic Oncology at the Uni-
versity of California Irvine Medical Center has maintained
a serum bank since 1985 on patients with gynecologic
malignancies who had blood drawn for CA 125 levels.
These were stored at —20°C until being used for study.
The first set of serum samples studied was collected from
a 9-month period in 1991, and included 53 patients with
active or history of treated ovarian cancer, 13 patients
with active or a history of treated endometrial cancer,
and 13 patients with active or a history of treated cervical
cancer. Patients were considered without evidence of dis-
ease if they had no clinical evidence of malignancy based
on exam, radiographic evaluation, or biopsy. Control
samples were taken from a population of 16 normal vol-
unteers (8 women and § men) who had no history of
cancer and ranged in age from 19-54 years (mean 31).
The second series of samples were taken from 13 patients
who had been treated or were under treatment for pri-
mary epithelial ovarian cancer. There were serial serum
samples stored on these patients from CA 125 evaluations
during the course of their treatment and/or follow-up.

Assay for CA 125

The CA 125 levels were determined using the im-
munoradiometric assay of Centocor (Malvern, PA),
which identifies the CA 125 antigen using a monoclonal
antibody (OC 125), produced from a ovarian cell line,
OVCA 433, as described by Bast et al. [18].

ELISA for TNF/LT Receptors

Antibodies for the 55- and 75-kDa sTNFr were gen-
erated in New Zealand white female rabbits according

to the technique of Yamamoto et al. [26]. Recombinant
55 and 75 kDa sTNFr [27] used to generate antibodies
were kindly supplied by Synergen, Inc. (Boulder, CO).
The specificies of these antisera were confirmed by the
establishment of an enzyme-linked immunosorbent assay
(ELISA) for each receptor as described previously. For
the antibodies utilized in ELISA assays, the 55 and 75
kDa sTNFr are antigenically distinct. No cross-reactivity
was observed when antisera were tested against each TNF
receptor, and no reactivity was observed when antisera
were tested against human recombinant forms of lym-
photoxin, tumer necrosis factor, interferon-y interleukin
1, interleukin 2, interleukin 4, and interleukin 6. Briefly,
the procedure for the TNF receptor ELISA was per-
formed as follows. IgG antibody to each of the 55 and
75 kDa sTNFT was isolated from whole rabbit sera using
Protein G affinity column [28]. First, 0.5 ug/100 ul of
the IgG to either the 55 or 75 kDa sTNFr was bound
to an ELISA plate (Corning, Corning, NY) overnight at
4°C. Subsequently, 100 u} of various concentrations of
either the recombinant TNF receptor of 100 ul of serum
sample was added to these wells overnight at 4°C and
then washed three times with 0.2% Tween 20 in phos-
phate-buffered saline (PBS). Horseradish peroxidase cou-
pling was accomplished by the methods of Nakane and
Kawaoi [29], and Tijssen and Kurstak [30]. Horseradish
peroxidase coupled anti-TNF receptor IgG to either the
55 or 75 kDa sTNFr was added to each well and incubated
for 1 hr at 37°C. After this incubation period, the wells
were washed three times with 0.2% Tween 20/PBS. The
plates were then incubated with 100 ul/well of the sub-
strate, Immunopure ABTS tablets [2,21'-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonijum satt]
(Pierce, Rockford, IL) in 0.1 M sodium acetate buffer,
pH 4.2, for 20 min at room temperature. The amount
of 55 or 75 kDa sTNFr in the unknown sample was de-
termined by comparing it to a standard curve for the
recombinant 55 or 75-kDa sTNFr by reading at 405 nm
in an EAR AT ELISA plate reader (SLT-Lab Instru-
ments, Salzburg, Austria).

Statistical Analysis

Data were analyzed using the Student ¢ test. A P value
<0.05 was considered to be significant.

RESULTS

1. Determination of Serum Levels for the 55 and 75
kDa sTNFr by ELISA in Patients with Various
Gynecologic Cancers and Normal Individuals

Serum samples were collected from 16 normal indi-
viduals and from 26 patients with all stages of active
ovarian, uterine, or cervical cancer. Samples were also
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FIG. 1. Serum levels of the 55 and 75 kDa sTNFr expressed in ng/ml in normal individuals, patients with treated, nonactive (no clinical
evidence of disease}, and active cancer. (a) Comparison of the mean serum levels of the 55 kDa sTNFr between normal individuals * (0.65
#+ (.22 ng/ml) and patients with nonactive ovarian, endometrial, or cervical cancer * [1.12 = 1.3 ng/ml (ns)] and patients with active ovarian,
endometrial, or cervical cancer * [3.07 = 379 ng/ml (P < 0.02}. The difference between nonactive and active groups was sipnificant at P
< 0.01. (b) Comparison of the mean serum levels of the 75 kDa sTNFr between normal individuals * (1.62 = 0.37 ng/ml) and patients with
nonactive ovarian, endometrial, or cervical cancer * [1.99 = 0.55 ng/ml (P < (.02)] and active ovarian, endometrial, or cervical cancer * [2.93
= 1.27 ag/ml (P < 0.001)]. The difference between nonactive and active groups was significant at P < 0.001. {¢) Comparison of the mean
serum levels of the 55 kDa sTNFr between normal individuals * (0.65 = 0.22 ng/ml} and patients with nonactive ovarian cancer * [1.17 =
1.47 ng/mt (ns)] and patients with active ovarian cancer * [4.31 + 4.61 ng/ml (P < 0.01}). Difference between nonactive and active groups
was significant at P < 0.01. (d} Comparison of mean serum levels of the 75 kDa sTNFr between normal individuals * (1.62 = 0.37 ng/ml)
and patients with nonactive ovarian cancer * [2.02 + 1.49 ng/m} (P < 0.001}], and normal individuals and patients with active ovarian cancer

* [3.39 = 1.49 ng/m! (P < 0.001)]. Difference between nonactive and active groups was significant at P < 0.001.

collected from women with these same cancers that had
been treated, but were without clinical evidence of dis-
ease. All samples were tested in duplicate for each re-
ceptor by ELISA techniques as described under Materials
and Methods. In the normal controls, the average values
for the 55 and 75 kDa sTNFr were (.65 = 0.22 and 1.62
* 0.37 ng/mli, respectively (Figs. 1a and 1b). These levels
were not significantly different between sexes (8 women
and 8 men). As shown in Fig. la, when compared to
normal individuals, mean serum levels for the 55 kDa
$TNFr in all treated patients currently without active dis-
ease were 1.12 + 1.3 ng/ml (ns) and in all those patients
with active cancer were 3.07 + 3.79 ng/ml (P < 0.02}.
The difference in mean serum levels of the 55 kDa sTNFr
in patients without clinical evidence of disease and those
with active cancer was significant at P < 0.01. As shown
in Fig. 1b, mean serum levels for the 75 kDa sTNFr were
elevated in all patients without direct evidence of active
cancer, 1.99 + 0.55 ng/ml (P < 0.02) and in those with

active cancer, 2.93 = 1.27 ng/ml (P < 0.001). The dif-
ference in mean serum levels of the 75 kDa sTNFr in
patients without clinical evidence of disease and those
with active cancer was also significant at P < 0.001. The
group of patients with cervical or endometrial cancer were
evaluated separately from those with ovarian cancer.
When compared to normal individuals, mean serum levels
for the 55 kDa sTNFTr in patients currently without active
nonovarian disease were 0.96 + 0.45 ng/ml (P < 0.05)
and in all those patients with active monovarian cancer
were 2.02 = 2.61 ng/ml (P < 0.05). When compared
to normal individuals, mean serum levels for the 75 kDa
sTNFr in patients currently without active nonovarian
disease were 1.91 = 0.40 ng/ml (P < 0.05) and in all
those patients with active nonovarian cancer were 2.53
+ 0.92 ng/ml (P < 0.01). Again, there was a significant
difference between the serum levels of 55 and 75 kDa
STNFr in normal individuals compared to those with non-
ovarian gynecologic malignancies.
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FIG. 2. Serum levels of CA 125 expressed in U/ml from the same patients shown in Fig. 1. * The upper limits of normal (35 U/ml) for
CA 125 antigen in serum. (a) Serum CA 125 antigen levels in patients with ovarian, endometrial, or cervical cancer. Mean for patients without
clinical evidence of disease was 53 U/ml and for patients with active cancer was 183 U/ml. Using upper limits of normal for CA 125 as 35
U/ml, 30% (16/53) of patients without evidence of active cancer had an elevated CA 125, while 50% (13/26) of patients with active cancer
had an elevated CA 125. (b) Serum CA 125 antigen levels in patients with ovarian cancer. Mean for patients without clinical evidence of disease
was 60 U/ml and for patients with active ovarian cancer was 365 U/ml. Using upper limits of normal for CA 125 as 35 U/ml, 29% of patients
without clinical evidence of active cancer had an elevated CA 125, while 75% of patients with active ovarian cancer had an elevated CA 125.

2. Determination of the Serum Levels for the 55 and
75 kDa sTNFr by ELISA in Patients with Ovarian
Cancer

From the original combined group of patients, 12 pa-
tients with active ovarian cancer and 41 patients with a
history of treated ovarian cancer were evaluated as a
separate group. As shown in Fig. 1c, compared to normal
controls, serum levels for the 55 kDa sTNFr in patients
without active ovarian cancer were 1.17 = 1.47 ng/ml
(ns), and were markedly elevated in those with active
ovarian cancer, 4.31 + 4.61 ng/mi (P < 0.01). The dif-
ference in mean serum levels of the 55 kDa sTNFr in
patients without clinical evidence of active ovarian cancer
and those with active ovarian cancer was also significant
at P < 0.001. As shown in Fig. 1d, compared to normal
controls, mean serum levels for the 75 kDa sTNFr were
found to be elevated in patients without clinical evidence
of active ovarian cancer, 2.02 + 0.59 ng/ml (P << 0.02),
and those with active ovarian cancer, 3.39 = 1.49 ng/ml

(P < 0.001). The difference in mean serum levels of the
75 kDa sTNFr in patients without clinical evidence of
active ovarian cancer and those with active ovarian cancer
was significant at P < 0.001,

3. Comparison of Serum Levels of 55 and 75 kDa
sTNFr Receptor Levels fo Serum Levels of the CA
125 Antigen

The range of CA 125 levels for all the patient samples
are shown in Fig. 2a in relation to the cutoff for the upper
limits of normal for CA 125 (35 U/ml) [20]. The mean
for patients without clinical evidence of their gynecologic
cancer was 53 U/ml (range 0-490) versus 183 U/ml
(range 0-2154) in those patients with active cancer of the
ovary, uterus, or cervix. In the subgroup of patients with
ovarian cancer, the mean for patients without clinical
evidence of their ovarian cancer was 60 U/ml (range 0-
490) and 365 U/ml (range 12-2154) in those patients
with active ovarian cancer as shown in Fig. 2b. The sen-
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TABLE 1a
Comparison of Serum Levels of CA 125 Antigen, 55 kDa
§TNFr, and 75 kDa sTNFr between Patients with Active Cancer
of the Ovary, Uterus, or Cervix and Patients without Clinical
Evidence of Active Cancer

CA 125 55 kDa sTNFr 75 kDa sTNFr
(%) (%) (%)
Sensitivity 50 65 58
Specificity 70 74 92
+ Pred. value 45 55 79
— Pred. value 74 81 82

sitivity, specificity, and positive and negative predictive
values were calculated for the CA 125, 55 kDa sTNFr,
and 75 kDa sTNFr as to the ability of these tests to
distinguish between those patients with active cancer and
those without clinical evidence of their cancer. The data
for all three groups analyzed together (ovary + uterus
+ cervix) are presented in Table 1a. The sensitivity of
the CA 125 was 50%, specificity 70%, positive predictive
value 45%, and negative predictive value 74%. Using
98% confidence intervals, the upper limits for our normal
control 55 kDa sTNFr is 1.15 ng/ml and for the 75 kDa
sTNFr is 2.48 ng/ml. These upper limits were used as
the cutoff for normal in calculating the sensitivity, spec-
ificity, positive predictive value, and negative predictive
value for the sTNFr's. For the same groups, the 55 kDa
sTNFr sensitivity was 65%, specificity 74%, positive pre-
dictive value 55%, and negative predictive value 81%.
And, for the 75 kDa sTNFr, sensitivity was 58%, spec-
ificity 92%, positive predictive value 79%, and negative
predictive value 82%. When the ovarian group alone was
analyzed (Table 1b), the sensitivity of the CA 125 was
75% , specificity 71%, positive predictive value 43%, and
negative predictive value 91%. For the 55 kDa sTNFr,
sensitivity was 83%, specificity 71%, positive predictive
value 45%, and negative predictive value 94%. And, for
the 75 kDa sTNFr, sensitivity was 77%, specificity 95%,
positive predictive value 83%, and negative predictive
vatlue 95%.

4. Changes in the Levels of 55 and 75 kDa sTNFr and
CA 125 Antigen in Sequential Serum Samples from
Women Undergoing Treatment for Ovarian Cancer

Patients in this study have been followed in the gy-
necologic oncology clinic over months to years during
treatment and follow-up for their ovarian cancer. Serum
from samples collected during this time were assayed for
CA 125 and stored at —20°C. Patient samples were se-
lected for these studies and serum was tested for the 55
and 75 kDa sTNFr as described under Materials and

Methods. Serum samples from patients with four distinet
patterns of change in the CA 125 over time were selected
for comparison to the sTNET levels. A representative pat-
tern of serum-sTNFr and CA 125 levels is presented for
each group. The upper limits of normal of 1.15 ng/ml
for the 55 kDa sTNFr and 2.48 ng/ml for the 75 kDa
sTNFr were also used in evaluating these groups of
patients.

The patient representative of Group 1, patients with
persistently negative CA 125, i.e., <35 U/ml, but with
documented tumor at one point in time (Fig. 3A), under-
went total abdominal hysterectomy, bilateral salpingo-
oophorectomy, and tumor debulking for a Stage III,
Grade II endometrioid ovarian carcinoma. In the first
serum sample, drawn 1 month after her surgery, the CA
125 was 24 U/ml, and the 55 and 75 kDa sTNFr were
1.48 and 4.08 ng/ml, respectively. The patient completed
a standard course of cis-platinum and cytoxan chemo-
therapy and prior to her second-look laparotomy (Fig.
3A) had a CA 125 of 6 U/ml, and 55 and 75 kDa sTNFr
of 1.36 and 3.83 ng/ml, respectively. At second-lock lap-
arotomy there was persistent disease, and the patient was
treated with intraperitoneal interferon-o and cis-plati-
num. Both sSTNFr levels declined slowly after second-
look surgery and intraperitoneal chemotherapy. The pa-
tient had a negative third-look laparotomy about 1 year
later. The 75 kDa sTNFr level continues to slowly decline
and the 55 kDa sTNFr remains stable, but both remain
above the range for normals (55 kDa sTNFr at 2.03 and
75 kDa sTNFr at 4.53 ng/ml, respectively). This patient
clinically remains without evidence of disease 3 years after
her primary surgery.

The patient representative of Group 2, patients with
declining CA 125 levels and no evidence of disease at
most recent follow-up visit (Fig. 3B), underwent subop-
timal surgical tumor debulking of a Stage IIl, Grade II
papillary adenocarcinoma of the ovary. Her serum CA
125 level prior to surgery was 1540 U/ml. The level of
the 75 kDa sTNFr was over four times above normal
(8.44 ng/ml) while the 55 kDa sTNFr was over three

TABLE 1b
Comparison of Serum Levels for CA 125 Antigen, 55 kDa
sTNFr, and 75 kDa sTNFr between Patients with Active Cancer
of the Ovary and Patients Treated for Cancer of the Ovary, but
Have No Clinical Evidence of Disease

CA 125 55 kIDa sTNFr 75 kDDa sTNFr
(%) (%) (%)
Sensitivity 75 83 77
Specificity 71 71 95
+ Pred. value 43 45 83
— Pred. value 91 94 95
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FIG. 3.

Comparison of changes in the serum levels of the 55 and 75 kDa sTNFr over time with CA 125 antigen in different patients with

primary ovarian cancer. (A) Patient with Stage IIT endometrioid ovarian carcinoma. First serum sample collected 1 month after primary debulking
surgery. 1, Tumor debulking; 2, second-look laparotomy with macroscopic disease present; 3, third-look laparotomy with no clinical evidence
of cancer; solid bars, chemotherapy; * patients clinically without evidence of cancer. (B} Patient with Stage III papillary adenocarcinoma of
the ovary, First serum sample collected before primary surgery. 1, Tumor debulking; 2, second-look laparotomy with macroscopic tumor present;
3, third-lock laparotomy with no evidence of tumor; solid bars, chemotherapy; * patient clinically without evidence of cancer. (C) Patient with
a history of recurrent Stage IC endometrioid adenocarcinoma of the ovary. At the time of entry, she was completing a course of chemotherapy
(s0lid bar). 1, Vaginal recurrence; X, radiation implants; 2, liver metastases {biopsy-proven}; 3, lung metastases; 4, patient expired. {D) Patient
with Stage 1II endometrioid adenocarcinoma of the ovary. First serum sample collected after tumor debulking and three courses of chemotherapy.
Solid bar, chemotherapy; 1, positive second-look laparotomy; 2, lung and liver metastases.

times above normal (3.80 ng/ml). The second serum sam-
ple was drawn 1 month after primary surgery and about
2 weeks after the first course of cis-platinum/cytoxan
chemotherapy was given. The CA 125 level fell dra-
matically (570 U/ml), while the sTNFr levels also de-
clined, but at a slower pace (55 kDa sTNFr at 3.21 and
75 kDa sTNFr at 5.90 ng/ml). At the completion of four
courses of chemotherapy, her CA 125 was slightly ele-
vated at 53 U/ml. Both sTNFr remained elevated (55
kDa sTNFr at 2.33 and 75 kDa sTNFr at 5.14 ng/ml).
One month perior to second-look surgery, her CA 125
had normalized (29 U/ml), while the 55 and 75 kDa
sTNFr remained clevated at 2.82 and 5.34 ng/ml. As
shown in Fig. 3B, at second-took laparotomy (4 months
after her primary surgery) she was found to have mi-
croscopic disease. She subsequently was treated with in-

traperitoneal interferon-« and cis-platinum. During the
course of ip chemotherapy her CA 125 remained below
35 U/ml, and the receptor levels remained elevated but
continued to slowly decline. A third-look laparotomy was
performed about 1v2 years after her first surgery and re-
vealed no evidence of disease. The patient has had regular
follow-up and remains clinically without evidence of dis-
ease and with normal CA 125 levels, Her receptor levels
continue to slowly decline, with the 55 kDa sTNFr level
normalizing (1.17) and the 75 kDa sTNFr level remaining
elevated (3.36 ng/ml) about 3 years after her primary
surgery.

The patient representative of Group 3, patients with
increasing levels of CA 125 and disease recurrence (Fig.
3(C), was initially diagnosed and treated 4 years prior to
the collection of the serum samples in our study for a
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Stage Ic, unknown grade endometrioid carcinoma of the
ovary with a TAH/BSO. Postoperatively she was treated
with melphalan for 9 months, She had two vaginal re-
currences, the first of which was treated with resection
and the second with radiation and hormonal therapy. Two
months prior to the collection of serum samples at our
institution, she developed another vaginal recurrence and
was treated with radical vaginectomy and lymph node
dissection followed by six courses of cytoxan/cis-platinum
chemotherapy. Her CA 125 levels during this course of
chemotherapy remained normal, but her receptor levels
were slightly elevated, with the 55 kDa sTNFr near upper
limits of normal. One month after the completion of the
cytosan/cis-platinum chemotherapy she had vet another
vaginal recurrence that was treated with radiation im-
plants and four courses of Carboplatinum. At the time
of biopsy her CA 125 was 14 U/ml and the 55 and 75
kDa sTNFr were 1.90 and 2.76 ng/ml, respectively. Her
receptor levels following this treatment increased slightly
and the CA 125 values remained below 35 U/ml. How-
ever, about 1 year after her third vaginal recurrence liver
metastases were documented by biopsy. About 1 month
after this diagnosis was made, she had a slightly elevated
CA 125 of 43 U/ml. The patient refused further therapy
other than hormonal. CA 125 and both the 55 and 75
kDa sTNFr levels steadily increased until she expired 6
years after her initial diagnosis. One month prior to her
death the CA 125 had increased to 401 U/ml, while the
55 and 75 kDa sTNFr increased to 2.48 and 5.13 ng/ml,
respectively.

The patient representative of Group 4, patients with
initially decreasing CA 125 and then increasing CA 125
with disease recurrence (Fig. 3D), underwent tumor de-
bulking at an outside institution for a Stage III, Grade
I/III endometrioid adenocarcinoma of the ovary. At the
time of the first serum sample she had received three
courses of cytoxan/cis-platinum. Her first CA 125 in this
study was 174 U/ml. At that time both of her receptor
levels were elevated (55 kDa sTNFr at 9.07 ng/ml and
75 kDa sTNFr at 11.25 ng/ml). Although her CA 125
had normalized by the next sample draw, both receptor
levels remained elevated (55 kDa sTNFr at 3.14 and 75
kDa sTNFr at 5.58 ng/ml). A second-look laparotomy
was performed 4 months after completion of chemo-
therapy. Prior to that procedure the CA 125 was 62 U/ml
and the 55 and 75 kDa sTNFr were 1.77 and 4.53 ng/ml.
Macroscopic disease was resected at {aparotomy. Fol-
lowing second-look laparotomy, the receptor levels in-
creased, followed 3 months later by rapid increase in CA
125 levels. The patient was treated with radiotherapy,
but within 2 months of completing radiotherapy was found
to have lung and liver metastases. She died 2 months
later.

DIESCUSSION

The present study was conducted to determine if serum
levels of 55 and 75 kDa TNF- and LT-soluble receptors
may have clinical relevance. Traditionally, tumor-specific
antigens have been employed as markers for serum tests
for malignancy. The findings presented here suggest a
possible new method of recognizing malignancy through
the detection of serum levels of soluble forms of the 55
and 75 kDa TNF cell membrane receptors. Although the
patient numbers are not large, these preliminary data
have clearly demonstrated that the serum levels of sSTNFr
may have clinical value in the detection of gynecologic
malignancy and in measuring response to treatment,

It appears that serum levels of these sSTNFr's may be
useful in distinguishing among patients with various types
of active gynecologic cancer, those patients who have
been treated and are clinically free of disease, and normal
individuals. The data, especially for the 75 kDa sTNFr,
demonstrate that the measurement of serum levels of the
receptors can readily discern between patients with active
disease and normal individuals. Furthermore, these re-
sults indicate that the STNFr may be better than the CA
125 assay at distinguishing between those patients who
have active cancer versus those who have been treated
for but remain clinically free of disease. In patients with
ovarian, cervical, or endometrial cancer, both receptors
yielded better sensitivity, specificity, and positive pre-
dictive value in detection of active cancer compated to
CA 125. In those patients with ovarian cancer, both re-
ceptors showed improved sensitivity, while the 75 kDa
sTNFr, demonstrated definite improved specificity and
positive predictive value over CA 125.

These studies also support the concept that serial mon-
itoring of sSTNFT levels in the serum of patients with ovar-
ian cancer during treatment and follow-up more accu-
rately reflects the disease course than CA 125 levels and
may have prognostic significance in these patients. The
pattern of change for sTNFr in the serum of the patients
studied reflected disease status and paralleled the changes
seen in CA 125 and the findings at surgery or biopsy.
However, several notable differences exist between the
two. First, the receptor levels fall more gradually than
the CA 125 levels, which tend to drop precipitously after
initiation of therapy, especially surgical debulking. Sec-
ond, there are no changes in TNF receptor serum levels
during and after intravenous chemotherapy. More im-
portantly, the serum levels of both receptors remain el-
evated in all cases where CA 125 is negative in the pres-
ence of tumor detectable at second-look laparotomy or
on biopsy of lesions found clinically or radiographically.
In those patients who remain without clinical evidence
of their cancer, the receptor levels continue to slowly



TNF RECEPTORS AND GYNECOLOGIC CANCER 75

decline. In contrast, in patients who went on to recur
and ultimately die of their disease, the receptor levels
remained elevated, even at points in time where the CA
125 was negative and the patient was without clinical
evidence of disease. It appears that the serum levels of
sTNFr may be a more sensitive indicator of persistent
or recurrent malignancy in patients undergoing therapy
for ovarian cancer than serum levels of the CA 125
antigen.

In those cases where tumor recurred, the increasing
CA 125 levels seemed to be a late response to heavy
tumor burden, as several patients had extensive systemic
metastases or rapid increase in abdominal tumor volume
before expiring. CA 125 usually is elevated only when
tumor volume exceeds 2 ecm [22]. Therefore it is elevated
in only 50% of Stage I ovarian cancers [20] and in only
about 50% of positive second-look laparotomies [24,25].
‘Whereas detectable serum levels of the CA 125 antigen
seem to depend on a certain tumor volume, it is not yet
clear what affects the serum levels of soluble sTNFr. In
the group of patients who were treated for ovarian cancer
and remained without clinical evidence of disease, serum
levels of the sTNFr slowly declined, but remained ele-
vated. It appears that it takes a longer time for the serum
levels of these receptors to normalize; however, these
patients have not been followed long enough to determine
whether their disease will recur.

We were the first to identify the 55 kDa sTNFr in the
serum ultrafiltrates of cancer patients [13-15]. However,
Aderka et al. [31], have recently reported elevated con-
centrations of both receptors, as measured by ELISA,
in the serum of patients with colon and breast cancer.
They also found that levels were higher in advanced stage
disease, and that the incidence of elevation was greater
with the sTNFr than with carcinoembryonic antigen [31].
Ours is the first study to look at sTNFr levels in the
serum of patients with gynecologic malignancy. Although
the primary source of serum used in these studies was
from patients with ovarian cancer, the levels of sTNFr
were also elevated in patients with endometrial or cervical
cancer. CA 125 can occasionally be used as a tumor
marker in endometrial or cervical cancer, but is not as
sensitive as in ovarian cancer. It is possible that the STNFr
levels may be more sensitive than CA 125 in this group
of patients. Further studies are needed to define the value
of sTNFr serum levels in patients with endometrial or
cervical carcinoma, or other malignancies of the repro-
ductive tract.

The biologic activity and the source of the 55 and 75
kDa sTNFT in patients with malignancy is not yet clear,
Factors that bind and inhibit TNF have also been isolated
from the concentrated urine of normal individuals [32-
34] and from patients with inflammatory and autoimmune

disease {35,36]; however, no studies have been published
on serum levels of the 55 and 75 kDa sTNFr in these
patients. It is important to mention that the tumors from
patients with gynecologic malignancy are a source of sol-
uble TNF/LT receptors (unpublished results). Therefore
it is possible to say that sTNFr’s are released in the local
tumor microenvironment and gain access to the systemic
circulation where they can be detected in the serum. It
is not clear what role(s) these receptors play in patients
with malignancy. Two possible theories to explain their
presence include: {(a) they may have an immunoregulatory
role, either directly on TNF/LT, or other cytokines and
immune cells; (b) they may be released by the tumor
cells as a protective mechanism against the tumor-de-
structive and immunoregulatory effects of TNF/LT. We
have also demonstrated that ovarian cancer cells lines are
capable of releasing STNFr (unpublished results), and we
are currently completing studies to help define which cells
in the tumor microenvironment may be releasing these
receptors. These and further studies will help clarify the
significance of these receptors in patients with
malignancy.

Numerous tests incorporating monoclonal antibodies
for tumor antigens and other biomarkers of malignancy
have been investigated in the search for a simple screening
test for ovarian and other gynecologic cancers. Studies
on the use of CA 125 levels in screening for ovarian cancer
have shown that although it offers high specificity, the
sensitivity and predictive value preclude its use as a
screening test. Taken together with the cost of performing
the screening test and failure of any study to demonstrate
decreased morbidity or mortality as a result of CA 125
screening, CA 125 i3 not recommended for use as a
screening tool [23]. As compared to CA 125, the levels
of sTNFr’s seem to be higher in patients with smaller
volume disease. Although not tumor specific, it is possible
that serum levels of these receptors may be more sensitive
in detecting malignancy. But the more interesting pos-
sibility is that we may be able to look at cancer detection
in a unique way, by actually measuring a host-tumor
nteraction, which is very different from measuring tumor
antigen.
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