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Abstract
Our objective was to identify factors that correlate with
CA125 concentrations in healthy postmenopausal women
and to introduce recommendations for reporting and
interpreting individual CA125 assay results. We analyzed
repeated serum CA125 levels, as measured by the
CA125II assay, in 18,748 postmenopausal women who
participated in the St. Bartholomew’s/Royal London
Hospital Ovarian Cancer screening trial from 1986 to
1994 and were not diagnosed with ovarian cancer during
the 12-year follow-up period. We found that race is a
substantial predictor of normal levels of CA125, with
average CA125II concentration from African (median,
9.0; 95% range, 4.0 –26.0 units/ml) and Asian women
(median, 13.0; range, 5.9 –33.3 units/ml) lower than that
in Caucasian women (median, 14.2; range, 6.0 – 41.0 units/
ml; P < 0.001). Women with a hysterectomy have lower
CA125II values (median, 13.6; range 5.5–39.0 units/ml;
P < 0.001), and women with a prior cancer diagnosis
other than ovarian cancer have higher levels of CA125 II
(median, 16.0; range, 6.0 – 49.0 units/ml; P < 0.003).
Regular smoking and caffeine consumption decrease
CA125 levels (P < 0.001). A woman’s age, age at
menarche, age at menopause, and history of a previous
ovarian cyst (P < 0.05) are also predictive of baseline
CA125 levels. Parity, history of hormone replacement
therapy or unilateral oopherectomy, and previous use of
oral contraceptives or talcum powder are not significant
predictors of CA125 concentrations (P > 0.05). We
concluded that clinically significant differences in
individual patient characteristics need to be reflected in
the screening algorithms that use CA125II so that
designed performance characteristics (sensitivity and
specificity) are maintained in practice.
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Introduction
CA125, a high-molecular-weight glycoprotein that is recognized by the monoclonal antibody OC125, is elevated in most
women with ovarian cancer. CA125 is the most extensively
studied biomarker for possible use in the early detection of the
disease (1– 4). Candidate strategies for screening with CA125
use a multimodal approach, using CA125 concentrations as a
first-line screen with referral of women to ultrasound if the
concentrations are suggestive of a malignancy. Screening decisions based on CA125 most commonly use a single-threshold
screening rule that sends a woman to ultrasound if her CA125
concentration exceeds 30 units/ml if postmenopausal, or 25
units/ml if premenopausal. Other more complex algorithms
based on CA125 have also been proposed, including those that
use information contained in the change or velocity of CA125
(5). Sequential algorithms have been shown to have a high
sensitivity (70%) while maintaining high specificity for the
detection of preclinical epithelial ovarian cancer (5–10).
Whether the single-threshold or longitudinal algorithms are
used, proper calibration of a screening algorithm requires
knowing the behavior of the marker in a large group of symptomatic women. Screening thresholds (i.e., absolute concentrations or risk levels used to indicate a positive test) are determined directly or indirectly by the behavior of the markers in
healthy women, so that specificity can be maintained. If subject-specific characteristics can predict differences in normal
levels of CA125, then not accounting for their differences can
lead to inequality in their performance at the individual level.
For example, a single-threshold screening rule applied to
women with lower than normal concentrations of CA125 will
result in a screening program that, for them, has specificity
higher than and sensitivity lower than that of the general population. Likewise, subjects having higher than average levels of
CA125 will have higher sensitivity than average but will bear
a larger burden of false positives than the general population.
These differences may be small, depending on the differences
in normal levels predicted by the characteristics, but even small
differences can become substantial with more complex screening algorithms, such as those that use longitudinal algorithms.
More accurate interpretation of CA125 for screening programs requires an understanding of which subject-specific
characteristics may influence the assay. Both the mean levels of
CA125 within these characteristics and the variability of the
assay within these groups are needed to properly calibrate any
screening algorithm using the assay. Subject-specific factors
are necessary for calibrating a subject’s initial CA125 measurement. For calibrating subsequent CA125 results, the subject’s personal CA125 history and the within-subject component of variability provide a much more accurate determination
of whether or not the CA125 value is aberrant.
The primary objective of this study was to identify subjectspecific factors that may be substantial predictors of mean
CA125 concentrations in a large group of postmenopausal
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Table 1 Subject characteristics summary: Number of subjects, median, and
95% range of CA125II values in each subpopulation defined by factor
Factor
Race
Caucasian
Asian
African
Other
Parity
No children
Children
OCPa
None
Previous
HRT
None
Previous
Hysterectomy
None
Previous
Ovarian cyst
None
Previous
Talcum powder
None
Previous
Smoking
None
Previous
Caffeine consumption
None
Previous
Oopherectomy
None
Previous
Cancer
None
Previous
a

No. of
subjects

Median CA125
(units/ml)

95% range
(units/ml)

17,852
80
89
727

14.2
13.0
9.0
15.4

(6.0–41.0)
(5.9–33.3)
(4.0–26.0)
(5.9–43.7)

2,516
16,232

14.1
14.2

(5.8–39.2)
(6.0–41.2)

13,350
5,398

14.3
14.0

(6.0–41.5)
(6.0–40.0)

16,262
2,486

14.3
14.0

(6.0–41.0)
(5.6–42.2)

10,852
4,321

14.6
13.6

(6.0–41.6)
(5.5–39.0)

17,505
1,243

14.2
14.0

(6.0–41.1)
(5.6–39.0)

10,852
7,896

14.3
14.0

(5.9–41.6)
(6.0–40.4)

14,877
3,871

14.4
13.9

(6.0–41.0)
(5.4–40.5)

3,715
15,033

14.9
14.0

(6.0–42.0)
(5.9–41.0)

18,602
146

14.2
14.0

(6.0–41.0)
(6.0–32.5)

18,156
592

14.1
16.0

(6.0–41.0)
(6.0–49.0)

OCP, oral contraceptive.

women. Evaluating how these factors influence variability is
left to future work. We show how differences in mean CA125
levels can influence the normal reference ranges when used in
screening. A secondary goal of this report was to document the
association of personal characteristics to normal levels of
CA125 in what is perhaps the largest study of this marker in a
well-defined population.
Our results are based on an analysis of a large ovarian
cancer screening trial performed in the United Kingdom. The
SB/RLH3 Ovarian Cancer Screening Trial screened 22,000
women using a multimodal approach for a maximum of four
annual CA125 screens. The women were all postmenopausal
(amenorrhea of at least 1 year), ⬎40 years of age, and currently
without cancer (excluding melanoma, and defined as posttreatment by at least 12 months). Subject recruitment and screening
strategies affiliated with the trial is described in detail elsewhere (6, 8 –10),4 but briefly the trial protocol was as follows.
All of the women completed a structured questionnaire and

3
The abbreviations used are: SB/RLH, St. Bartholomew’s/Royal London Hospital; HRT, hormone replacement therapy.
4
R.C. Bast, excerpts from “Expert unpuzzles the CA125II blood test. Ovarian
Plus International: Gynecologic Cancer Prevention Quarterly, Spring 1997.”
http://www.monitor.net/ovarian/#spring97.

Table 2 Additional subject characteristics summary: Median (range) age of
menarche, age of menopause, and baseline age for all subjects included in
the analysis.
Variable

Median

Range

Age of menarche, yr
Age of menopause, yr
Age, yr

13.0
49.0
58.2

7–23
16–65.0
40.9–60.2

received an initial CA125 screen at study enrollment. A random
one-half of the women were offered participation in a randomized trial for ovarian cancer that used CA125 and sonography
in a multimodal strategy. A stop-screen protocol was used,
inviting each screened woman to four annual screens, along
with another 8 years of follow-up after the screening stopped.
Follow-up proceeded with postal questionnaires administered
by the National Health Service Central Registrar (11). The
screening protocol used a single threshold algorithm and referred women to ultrasound if CA125 concentrations exceeded
30 units/ml. Moreover, women whose ultrasound was normal
while having abnormal CA125 continued to have CA125 and
ultrasound screening performed every 3 months until either the
CA125 value renormalized (fell bellow 30 units/ml) or cancer
was detected. Follow-up ended in December 1997, for an
average of 6.8 years of follow-up per person.
Materials and Methods
Subjects in the present analysis include 18,748 postmenopausal
women enrolled in the SB/RLH trial for whom complete data were
available for the sixteen subject characteristics recorded in Tables
1 and 2. Women who were diagnosed with ovarian cancer or other
cancer (excluding melanoma) or its recurrence during follow-up
were excluded from analyses. The subject characteristics in Tables
1 and 2 were tabulated from subject responses to an initial enrollment questionnaire designed in 1986. Oral contraceptive (OCP)
use indicates whether a woman used it for more than a 1-year
period in her lifetime. HRT indicates the use of estrogen or
estrogen/progestin at any point in her life. Hysterectomy, ovarian
cyst, and oopherectomy, as used in the Tables, are defined as ever
having the condition or procedure. Cancer indicates whether the
subject had a previous medical history of cancer (excluding melanoma) that was not active as defined above. Talcum powder
indicates whether the woman has ever used talcum powder in the
perineum or surrounding area. Smoking and caffeine consumption
define whether the woman was currently smoking one or more
packs of cigarettes or drinking one or more cups of tea or coffee
per day at the time of completion of the baseline questionnaire.
Ages of menarche, menopause, and current age were provided by
self-report. Median ages and ranges for the 18,748 subjects in the
study are displayed in the second and third columns of Table 2.
Although the original first generation CA125 assay, made
by a variety of manufacturers and processed at several laboratories, was used throughout execution of the SB/RLH trial,
analyses in this report are based on a single reprocessing of
stored serum samples by Centocor, denoted CA125II, at a
single laboratory site, in 1997. Only normal CA125 measurements from primary screening events were used in this report.
Thus, all of the CA125 measurements taken as a result of an
initially elevated concentration have been omitted to reduce
bias. In total, our analysis consists of 38,155 CA125II measurements obtained from the 18,748 women. Approximately
one-half of the women (the control group) contributed only a
single initial CA125 measurement, and the other half contrib-
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Table 3 Parameter estimates and Ps: Parameter estimates and Ps for all
factors included in the best-fitting mixed linear model for log CA125 values
For factors containing possible values “None” and “Previous,” the parameter
estimates equal the difference in log CA125 values for those with a previous
history minus those with no history. For the race variable, the parameter estimate
is the average difference in log CA125 between the factor (African, Asian, or
Other) and Caucasian. Parameter estimates for all age variables represent the
change in log CA125 variable for a unit increase. All of the age variables are
standardized by subtracting the population mean.
Variable

Parameter estimate

exp(␤)

P

Intercept
Race
African
Asian
Other
Parity
Hysterectomy
Ovarian cyst
Smoking
Caffeine consumption
Cancer
Age of menarche, 13.1 yr
Age of menopause, 48 yr
Age, 61.05 yr
(Age, 61.05) ⫻ cancer

2.75

15.64

⬍0.001

⫺0.48
⫺0.17
0.08
0.01
⫺0.05
⫺0.04
⫺0.07
⫺0.05
0.12
0.009
0.007
⫺0.008
⫺0.007

0.62
0.84
1.08
0.99
1.05
1.04
1.07
1.05
0.89
1.01
1.01
0.99
0.99

⬍0.001

0.34
⬍0.001
0.02
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
⬍0.001
0.02

uted four measurements spaced 1 year apart. The third and
fourth columns of Table 1 show the median and 95% range
(defined by the 5% and 95% quantiles of the untransformed
data) of CA125II values for each subpopulation defined by the
characteristic in the first column.
A normal mixed-effects model was used to predict logarithmic-transformed CA125 measurements. Logarithmic transformations, commonly used for evaluating CA125, provide a
more normal-shaped distribution for the model. The mixedeffects model has both fixed and random effects. The fixed
effects are the covariates listed in Tables 1 and 2, and are used
to help predict the explained variation among individual means.
The random effect accounts for the additional variation between
subject measurements that is not explained by the observed
covariates (12). Because of the large number of subject factors,
a variety of potential models were available, including or excluding all of the possible covariates and interactions. The
Bayesian Information Criteria (BIC) procedure, related to the
log likelihood ratio criterion and available in SAS (13, 14), was
used to select the models providing the best fit to observed
measurements. Goodness of fit of the chosen models was assessed using normal probability plots of residuals. The model
providing the best fit to observed CA125 levels, and for which
estimates are recorded and assessed, contained the effect variables: race, age, age at menarche, age at menopause, parity,
history of hysterectomy, previous ovarian cyst, smoking habit
and caffeine consumption (posterior P ⫽ 0.65). The effect of
age was different for women with and without cancer history;
therefore, an interaction variable was included in the model.
The Ps reported in Table 3 refer to the t statistic for the test of
significance of the corresponding factor, after adjustment for all
of the other factors in the model. Values less than 0.05 are
deemed statistically significant.
Results
Parameter estimates and associated significance tests from the
analysis of log CA125 are displayed in Table 3. The factors of
race, age, age of menarche, age of onset of menopause, and

previous history of hysterectomy, ovarian cyst, smoking, caffeine consumption, and cancer were all statistically significant
predictors of log CA125 (P ⬍ 0.05). Number of childbirths did
not correlate with log CA125 (P ⫽ 0.34). Previous use of oral
contraceptives or talcum powder and previous HRT or oopherectomy did not appear in the best-fitting model for CA125
and were not significant (P ⬎ 0.05).
The parameter estimates in Table 3 give the change in log
CA125 values adjusted for the other factors in the model and
can be interpreted as follows. The ages of menarche, menopause, and subject age are coded with respect to 13.1, 48.0, and
61 years of age, respectively. Thus, we can interpret the intercept term, 2.75, as the mean log CA125 level for a 61-year-old
Caucasian woman who has never smoked, used talcum, or
drunk caffeine, and who has never had children, cancer, an
ovarian cyst, or a hysterectomy. All of the other effects are in
relation to this baseline group. From Table 3, one can see that
the factors of race and previous cancer history have the largest
impact on average log CA125. Log CA125 value decreases by
0.48 for African women and by 0.17 for Asian women compared with Caucasian women. A history of cancer increases the
log CA125 value by 0.12.
On the basis of the mixed-effects model, the betweensubject SD is 0.55 and the within-subject SD, or measurement
error, is 0.28 (P ⬍ 0.01 for H0: between-subject variability
equals 0). This yields a total SD () of log CA125 as  ⫽ 0.62.
In other words, the variation in log CA125 measurements over
different women is twice as large as that from the same woman,
even after adjusting for the subject characteristics in Table 3.
The total variability of CA125 is important for interpreting
the estimates in Table 3. Because log CA125 is a nonlinear
transformation of raw CA125, the variability must be accounted
for when transforming the model to the raw scale. On the log
scale, the reference group has an average CA125 level () of
 ⫽ 2.75, but on the raw scale this value becomes
exp()⬘exp(2/2) ⫽ 18.9 units/ml The effect size on the raw
scale can be interpreted simply. For example, the coefficient
⫺0.48 for African compared with Caucasian implies that log
CA125 is 0.48 lower in Africans than Caucasians, and on the
raw scale Africans have a value that is exp(⫺0.48) ⫽ 0.62 or
only 62% of that of Caucasians. Thus, the mean raw CA125
concentration among Africans is 11.70, considerably lower
than their Caucasian counterparts.
Fig. 1 displays how average untransformed CA125 values
change with race, age, and previous cancer history based on the
mean parameter estimates in Table 3. To present the effects,
women of average age of menarche (13.1 year.), average age of
menopause (48.1 year.), with no previous children, no previous
hysterectomy or ovarian cyst, and who are nonsmoking and not
caffeine-consumers were considered. Analogous figures, with
these variables set otherwise, would differ only slightly from
Fig. 1.
The effects of race, age, and previous cancer history on
untransformed CA125 values can be easily seen in Fig. 1.
Caucasian women have consistently higher CA125 values.
Asian women have on average 16% lower values [⫽ 1 ⫺
exp(⫺0.17)] than Caucasian women do. African women have
the lowest values, which are on average 38% lower than those
of Caucasian women. CA125 values tend to decrease with age,
with the decrease more sharp in women without a previous
cancer diagnosis. Typical CA125 values lie between 13 and 22
units/ml for women of age 50 years. By age 90 years, the
average drops to between 7 and 12 units/ml for women without
a previous cancer history but never falls below 10 units/ml for
women with a previous cancer history.
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Fig. 1. Average CA125 values
based on the fitted model as a function of age for Caucasian, Asian,
and African subjects with no previous (left) and previous (right) nonovarian cancer history.

Standard reports of CA125 often include what is termed the
“normal range” of values. Typically the 5th and 95th percentile
points of CA125 for an underlying reference population give this
range. Parameter estimates that are included in the mean model
and estimates of the variation that are based on an underlying
normal distribution for log CA125 values can be used to calculate
a normal range that is specific for a given set of subject characteristics. On the basis of this method, the normal range of CA125
for a 61-year-old Caucasian woman who has had no previous
childbirth, hysterectomy, ovarian cyst, or cancer, who neither
smokes nor drinks caffeine, and who achieved menarche at age
13 years and menopause at age 48 years, is 4.6 –52.7 units/ml
The normal range for an African woman with the same characteristics is only 2.9 –32.6 units/ml The normal range for the
same women who have, instead, a personal history of cancer is
slightly shifted upward, at (5.2–59.4) units/ml and (3.3–36.8)
units/ml, respectively. These numbers are calculated by first
determining the normal reference range for the baseline group
[exp(2.75 ⫾ 1.96 ⴱ 0.62)] and then multiplying each end of the
interval by exp(parameter estimate).
Discussion
Our analysis revealed that CA125 levels are significantly lower
in postmenopausal women who have undergone hysterectomy
but that there is no correlation with unilateral oopherectomy.
Even with hysterectomy, the reduction is small and may not be
of clinical significance. Similar results were obtained by Grover
et al. (15), who found a slight reduction of CA125 levels in
postmenopausal women who had undergone hysterectomy but
not oopherectomy. In their study population of 915 women with
a median age of 55 years, Zurawski et al. (16) found a statistically demonstrable effect only of oopherectomy or hysterectomy on CA125 levels in women under 50. The small reduction
in CA125 after a hysterectomy is probably attributable to loss

of the tubal, endometrial, and endocervical epithelium, which
are known to express the CA125 antigen.
There was a significant increase in CA125 levels in women
with a past history of cancer. A previous case control study found
that postmenopausal women with raised serum CA125 levels are
more likely to have a past history of cancer than do normal controls
(7). As CA125 is not a predictor of recurrence in nongynecological
malignancies, it was speculated that cancers, especially breast
carcinoma, might cause CA125 elevation through a process that is
independent of persistent malignancy (7). Our study population
included 592 females with a previous history of cancer, and we
detected a significant, but small, increase in CA125 in this group.
The small reduction of CA125 levels in women with previous
benign ovarian cysts provides corroborating evidence of little or no
effect of a past history of ovarian cysts on CA125 levels as was
found in other studies (17, 18). Women who had given birth to one
or more children had a nonsignificant increase in CA125 levels.
Westhoff et al. (20) found an effect of parity in their study of 258
post- and premenopausal women. Elevation of serum CA125 has
been reported in early pregnancy (18, 20 –23), particularly in the
first trimester (22). A sustained increase in CA125 levels after
childbirth might be attributable to permanent damage to the blood
tissue barriers within the uterus. There was no significant change
in levels in women with a previous history of oral contraceptive
use, hormone-replacement therapy, or talcum use. Previous studies
reporting a correlation of CA125 levels with HRT have been based
on small numbers of subjects and have produced conflicting results
(15, 24, 25).
No association has been previously reported between
CA125 levels and smoking (21, 26, 27). The estimated magnitude of reduction in this study was small, and, hence, the
finding of significance could be a byproduct of the large sample
size. Also, the definition of a previous smoking history used in
the original questionnaire was vague, classifying anyone who
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currently smokes more than one pack of cigarettes per day as a
smoker. Questions about personal habits are often biased and
subject to high measurement error. The highly significant but
small reduction attributable to caffeine might be similarly explained. It is also possible to speculate that smoking and caffeine intake induces liver enzymes that increase the metabolic
breakdown of CA125. Previous studies of the correlation of
CA125 with age have found either no significant association
(15, 28) or significant but small decreases with age (16,
29 –31). Our study found a significant decrease in CA125
levels with age.
An important finding of our study was the high correlation
of CA125 levels with race. No previous study of CA125 has
considered the effects of race; the large sample size of our study
population included sufficient numbers of African and Asian
women to accurately determine this effect. Differences on the
order of 20 –50% between races, as discovered in this study,
significantly impact the interpretation of cutoff values for normal, especially in the context of screening a healthy postmenopausal population. As trials for ovarian cancer screening get
underway to assess the impact of screening on ovarian cancer
mortality, there is an urgent need for corroboration of the effect
of race on serum CA125 levels.
Finally, the CA125 assay can vary immensely by type
(e.g., RIA versus automated enzyme), manufacturer, and generation. In particular, the Centocor CA125II assay used here
yields CA125 measures that are several units higher than the
Centocor first-generation CA125 assay (32). Davelaar et al.
(32) found a tendency of several automated-enzyme assays to
measure higher absolute values in the lower CA125 range when
compared with the original Centocor CA125 assay, but not with
the Centocor CA125II assay. They further supplied regression
equations for relating the different common assay measures.
Adjustments such as theirs should be applied to CA125 measures from different assays before applying the corrections for
influential factors outlined in this article.
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