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• Ovarian cancer patients are followed with National Comprehensive Cancer Network Guidelines.
• 95% of patients with recurrence had findings at time of office visit or elevated CA 125.
• Imaging for post treatment screening increased cost with little increase in recurrence detection.
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Objective.Ovarian cancer accounts for 50% of deaths from gynecologic malignancies.We sought to determine
the cost of commonmethods of surveillance ofwomenwith ovarian cancer infirst clinical remission. The current
standard for post treatment surveillance is the National Comprehensive Cancer Network (NCCN) guidelines.

Methods. We retrospectively determined how recurrence was initially detected at our institution and a cost
model was created and applied to the United States population to calculate surveillance costs using the Surveil-
lance Epidemiology & End Results (SEER) database.

Results. 57% (n = 60) of first recurrenceswere identified by increasing CA 125 level. Routine office visit iden-
tified 27% (n = 29) of recurrences, and 15% (n = 16) were diagnosed initially with CT scan. In 5% (5/105), CT

abnormality was the only finding. 95% (100/105) of patients had either elevated CA 125 or office visit findings
at time of recurrence. Of the 22,000 women diagnosed with ovarian cancer yearly, 60% (n = 13,266) will have
advanced disease and are likely to recur. The surveillance cost for this population for 2 years using our model
is $32,500,000 using NCCN guidelines and $58,000,000 if one CT scan is obtained.

Conclusions. Our data suggests that following NCCN guidelines will detect 95% of recurrences. An additional
$26 million will be needed to identify the 5% of womenwith recurrence seen on CT only. Post treatment surveil-
lance of ovarian cancer patients contributes significantly to health care costs. Use of CT scan to follow these pa-
tients largely increases cost with only a small increase in recurrence detection.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Ovarian cancer accounts for more than 50% of deaths from gyne-
cologic malignancies, corresponding to approximately 13,000 deaths
each year [1] Advances in the treatment of ovarian cancer have led to
a five year survival rate above 50%with 80% of patients having a com-
plete response to initial surgery and adjuvant chemotherapy [2,3].
However, in those diagnosed with advanced disease, recurrence rates
are higher than 80% [4,5]. Recurrent disease is inevitably fatal, with
death usually occurring within 18–24 months. Early and cost-efficient
detection of recurrence can lead to significant improvements in quality
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of life, palliation of symptoms, and potentially even prolonged survival
[6–8]. The optimal surveillance strategy for women in first clinical re-
mission has been poorly studied.

The National Comprehensive Care Network (NCCN) guidelines for
post-treatment surveillance of women with ovarian cancer are the cur-
rent standard of care in the United States. These guidelines recommend
office visits every 2–4 months for the first two years and then every
3–6 months for the following three years. Each visit includes a full inter-
val history and a physical exam aimed at detecting recurrence [9].
Patients are screened for symptoms such as bloating, increased urinary
frequency, early satiety, increased abdominal girth, and abdominal/
pelvic pain [10]. In addition, a physical exam, including a pelvic exam
and rectovaginal exam, has been shown to be useful in detecting abnor-
malities [10]. The NCCN also recommends obtaining a CA-125 level at
each visit and imaging as clinically indicated [9].
-125 measurement, physical exam, and imaging in the diagnosis of
/j.ygyno.2013.09.017
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Table 1
Patient demographics.

Number
(n = 105)

%

Patient age
Range 35–90
Median 60

Race
Caucasian 84 80
African American 10 10
Unknown 11 10

Stage
IA 1 1
IB 0 0
IC 6 6
IIA 0 0
IIB 1 1
IIC 2 2
IIIA 4 4
IIIB 5 5
IIIC 48 46
IV 38 36

2 A. Armstrong et al. / Gynecologic Oncology xxx (2013) xxx–xxx
CA-125 levels are elevated in approximately 80% of individuals with
ovarian cancer, and these elevated levels correlatewith disease progres-
sion [11]. In fact, CA-125 may also be elevated several months prior
to symptomatic recurrence [12]. A recent study from the United
Kingdom, however, showed that treatment for recurrences based solely
on elevations in CA-125 did not increase overall survival [13]. CT scans
have also been shown to detect asymptomatic recurrences, but data in-
dicating differences in overall outcomes with regards to survival is lack-
ing [14,15]. In addition, when the burgeoning cost of healthcare is
brought into the discussion, the monetary cost of various screening
techniques when compared with their overall outcomes should play a
role in how recurrences are detected. To date, there has been limited
data regarding the cost effectiveness of these surveillance interventions.

This study compares the cost effectiveness of CA-125 level, office
visit, and imaging for the detection of recurrent ovarian cancer. By
reviewing patients at a single institution over a 7 year period, we
were able to discern how ovarian cancer recurrences were detected.
Using this data, we created a cost model based onMedicare reimburse-
ments to compare these various screening strategies.

Materials & methods

An IRB-approved retrospective review of all patients with ovarian,
tubal, and primary peritoneal malignancies treated at University Hospi-
tals (UH) Case Medical Center by the Division of Gynecologic Oncology
between 2002 and 2009was performed. Patients were identified from a
list generated from the UH Tumor Registry. Relevant patient informa-
tion was obtained from outpatient charts, radiology reports, laboratory
results, and electronic medical record entries. Data was collected from
time of ovarian cancer diagnosis until first documented recurrence.
Patients eligible for inclusion in the statistical analysis included those
that were older than the age of 18 at the time of diagnosis with patho-
logically confirmed epithelial ovarian, tubal or primary peritoneal ma-
lignancy. Demographic data collected included age, date of diagnosis,
race, and stage. Patients with incomplete medical records, individuals
with stable but identifiable disease, disease that progressed on initial
chemotherapy or patients who died before completion of their initial
therapy were excluded from the analysis. For those patients with recur-
rence, additional clinical data including initial treatment, number of
follow up visits, number of imaging studies, number of CA-125 levels,
date of recurrence, and method of recurrence detection were collected.

For each patient, the method of recurrence detection was deter-
mined from review of the outpatient medical chart. Detection was at-
tributed to an office visit if the patient presented with symptoms or
had physical findings on exam suggesting recurrence. Detectionwas at-
tributed to imaging if this was the first or only evidence of disease recur-
rence. Lastly, detection was attributed to CA-125 level if elevations in
this marker were the initial abnormal finding leading to the diagnosis
of recurrence. CA-125was defined as elevated if N30.2 U/mL by the lab-
oratory at our institution.

Results

The UHTumor Registry identified 410 patients diagnosedwith ovar-
ian, fallopian tube, and peritoneal cancer between 2002 and 2009. Of
these patients, 105 patients met inclusion criteria and developed recur-
rent disease following a period of remission. Patients were followed
according to NCCN guidelines. Patients had a median of 5 office visits,
ranging from 1 to 21 visits, from the time of initial remission until first
recurrence. A median of 4 CA-125 levels (1–16) and 2 imaging studies
(1–9) were obtained prior to diagnosis of recurrence. All recurrences
were identified by symptoms,findings onphysical exam, imaging, or in-
creasing CA 125 levels. Table 1 shows basic demographic information.
The patients ranged in age from 35 to 90 with a median age of
60 years old. The majority of the patients were Caucasian (80%). Only
10% were African American and in the remaining 10%, race was not
Please cite this article as: Armstrong A, et al, Evaluation of the cost of CA
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recorded in the medical record. At the time of diagnosis, 46% had
Stage IIIC disease and 36% of patients had Stage IV disease. 90%
underwent surgical debulking followed by adjuvant chemotherapy.
8% of patients received neoadjuvant chemotherapy prior to debulking,
and 2% of patients underwent surgery only. Nearly all (96%) had an ele-
vated CA-125 at the time of diagnosis. During follow up, 57% (n = 60)
had recurrence initially identified based solely on CA-125 level. An addi-
tional 27% (n = 29) were diagnosed based on history or physical exam
findings, and 15% (n = 16) had recurrence diagnosed based exclusively
on imaging. In those 29 women whose recurrence was first detected by
symptoms or physical findings, 41% (n = 12) also were simultaneously
determined to have an elevation in CA-125 above baseline. In the 16 pa-
tients inwhom imaging detected recurrent disease, 8 also had an abnor-
mal CA-125. We also found that 76% of patients had an elevated CA-125
at the time of first recurrence, regardless of the manner in which it was
detected. Combining of CA-125 level and office visits captured 100 pa-
tients or 95% of all recurrences. Of the 105 patients who were followed
until first recurrence, 11 (10%) patients had recurred at 3 months, and
an additional 13 patients (12%) had recurred by 6 months. After
24 months, 92 patients (88%) had recurred (Fig. 1).

Since follow up CA-125 screening is not likely to be helpful in
women that did not present with elevated CA-125 levels at time of ini-
tial diagnosis, we next determined whether exclusion of these patients
would alter the mechanism by which recurrences were evaluated. Four
(3.8%) of the 105 patients did not have an elevated CA-125 level at the
time of initial diagnosis. Of the 101 patients remaining, 59% (n = 60)
had recurrence initially diagnosed based solely on CA-125 level, 25%
(n = 25) were diagnosed based on history or physical findings, and
16% (n = 16) had their recurrence diagnosed based on imaging studies.
Excluding this subset of patients did not appear to change the sensitivity
of imaging to detect first recurrence. Given that this subset was small
and since these values mirror what was found when the entire cohort
was included in the analysis, we chose to include the entire sample pop-
ulation of 105 patients in our study.

Cost model

A model was created to determine resources spent on screening for
first recurrence of ovarian cancer. Absolute costs were calculated using
2010 Medicare reimbursements. According to the Medicare fee sched-
ule, these amounts are $33.58 for CA-125, $151for a Level IV office
visit, and $971 for a CT scan of abdomen and pelvis. For the sake of com-
pleteness, the cost of a comprehensive metabolic panel was also includ-
ed any time a CT scanwas ordered, as renal function is typically assessed
prior to administration of intravenous contrast. This amount, $22.30,
-125 measurement, physical exam, and imaging in the diagnosis of
/j.ygyno.2013.09.017
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Fig. 1. Time to recurrence.
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was added to the known cost of a CT scan, resulting in a total cost of
$993.30.

Using these dollar amounts, we modeled 4 different approaches for
following patients for recurrence (Table 2). The first pathway (Pathway
I) was based on NCCN guidelines, as described in the introduction.
Imaging is recommended as clinically indicated and for the purposes
of modeling was not included in this pathway. The second pathway
(Pathway II) followed NCCN guidelines with the addition of an annual
CT scan. The third pathway (Pathway III) followed NCCN guidelines
with the addition of CT scan every six months. The fourth pathway
Table 2
Cost model pathways.

Pathway I Office visit every 3 months; CA 125 level at each visit
Pathway II Office visit every 3 months; CA 125 level at each visit; annual CT scan
Pathway III Office visit every 3 months; CA 125 level at each visit; CT scan every

6 months
Pathway IV CA 125 level every 3 months

Table 3
Cost model: surveillance in our cohort of 105 patients.

Time since
treatment

Pathway
I cost

Pathway
II cost

Pathway
III cost

Pathway
IV cost

Number of
recurrences
(cohort,
n = 105)

Total
recurrence
%

3 mo $19,381 $19,381 $19,381 $3526 11 11%
6 mo $17,351 $17,351 $110,721 $3157 13 24%
9 mo $14,951 $14,951 $14,951 $2720 14 36%
12 mo $12,367 $78,918 $78,918 $2250 21 56%

Table 4
Surveillance in US population.

Time since
treatment

Number of recurrences
(cohort, n = 105)

Total recurrences
%

Number of recur
(SEER data, n =

3 mo 11 11% 1459
6 mo 13 24% 1725
9 mo 14 36% 1591
12 mo 21 56% 2654

Please cite this article as: Armstrong A, et al, Evaluation of the cost of CA
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(Pathway IV)modeled following patients with CA-125 only at the inter-
vals recommended by NCCN guidelines.

We used Medicare reimbursement data to calculate the cost per re-
currence in our cohort for each pathway (Table 3). Table 3 illustrates the
cost of each pathway at specific timepoints. Patients who have already
recurred are not included in the calculation of cost. For example, at
6 months 13 patients have already recurred. To screen the remaining
patients for recurrence using Pathway I, the cost is $17,351. This does
not include the costs already incurred at the 3 month timepoint. The
total cost for the use of each pathway in our patient population at
12 months was $64,050 for Pathway I, $130,601 for Pathway II, and
$223,971 for Pathway III. Utilizing CA-125 levels alone, only $11,653
would be required to detect 76% of all recurrences. Another way to
look at the data is patient specific cost to identify first recurrence.
After one year of surveillance in our cohort, 59 patients had recurred.
Using the NCCN guidelines, the cost is approximately $1100 per recur-
rence detected. This increases to $2200 and $3800 per recurrence de-
tected when adding CT scans (Pathways II & III, respectively). Utilizing
CA-125 alone, this cost is estimated at $200 per recurrence.

In the next part of our analysis we sought to determine the sensitiv-
ity of each of the 4 pathways to detect recurrences. Hypothetically, had
we used CA-125 alone to trigger evaluation for recurrence, this test
would have a sensitivity of 76%. Following NCCN guidelines increased
the sensitivity to 95%, as 100/105 of our patients had either exam find-
ings, symptoms, or elevated CA-125 at the time of initial recurrence. The
remaining 5% (5/105) of patients would have initially been missed
without the use of imaging. The addition of imaging studies significantly
increased the cost and detected b5% of the recurrences.

Approximately 22,000 women are diagnosed with ovarian cancer in
the United States each year. More than 60% (n = 13,266) of these
women have distant disease at time of diagnosis [16]. Our cost model
can be applied to these women to estimate the cost to detect ovarian
rences
13266)

Pathway
I cost

Pathway
II cost

Pathway
III cost

Pathway
IV cost

$2,448,638 $2,448,638 $2,448,638 $445,472
$1,149,529 $1,149,529 $12,877,422 $792,958
$5,582,807 $5,582,807 $15,597,258 $1,015,661
$6,269,075 $14,703,185 $23,137,295 $1,140,511

-125 measurement, physical exam, and imaging in the diagnosis of
/j.ygyno.2013.09.017
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Table 5
Surveillance at 1 yr in US Population with stage I disease (n = 3300).

Time since
treatment

Pathway
I cost

Pathway
II cost

Pathway
III cost

Pathway
IV cost

3 mo $609,114 $609,114 $609,114 $110,814
6 mo $1,218,228 $1,218,228 $4,496,118 $221,628
9 mo $1,827,342 $1,827,342 $5,105,232 $332,442
12 mo $2,436,456 $5,714,346 $8,992,236 $443,236
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cancer recurrence in the US population (Table 4). In these women,
checking one CA-125 level after 3 months will cost $445,000. An addi-
tional 2 million dollars will be spent if NCCN guidelines are followed.
After 6 months of surveillance, the cost to follow the NCCN guidelines
is $1.1 million. This cost is increased by $11 million if one CT scan is
obtained. At this point, 24% (3184) patients will have recurred. 10,082
patients will still need to be followed.

After one year of surveillance utilizing NCCN guidelines, 95% of the
7429 recurrences would be detected at a cost per recurrence of $1100,
with a total cost of approximately $15 million. Obtaining a CT scan
every 6 months will detect the additional 371 recurrences and increase
the total cost of screening to $54 million. 8490 women will remain dis-
ease free and require continued surveillance. At 15, 18, and 21 months,
the differences in cost among screening strategies are compounded
further. After two years, the total cost would be $6.5 million if only
CA-125 levels are followed; $32 million if NCCN guidelines are
used, and $112 million if a CT scan is obtained every six months.

Discussion

As stated earlier, at least 80% of patientswith advanced stage ovarian
cancer will ultimately develop recurrent disease; hence screening
strategies for detecting these events are important. Treatment of
recurrences can improve quality of life and often lead to a second
remission in the appropriate patient population. Patients with plat-
inum sensitive cancers and those who are good surgical candidates
are more likely to have excellent responses to treatment [17–19].
However, there are a significant number of patients who are unlikely
to respond to additional treatment, specifically those with platinum
resistant disease. In addition, there is a subset of patients undergoing
surveillance who will not recur. 15% (n = 3300) of the approximately
22,000 patients diagnosed with ovarian cancer each year have dis-
ease confined to the ovary. Costs to follow these patients for 1 year
can range from $400,000 to $8 million depending on the surveillance
strategy (Table 5). Based on our data, it is clear that significant health
care dollars are being spent on screening all ovarian cancer patients
for recurrence, with a lack of evidence based data to support these
interventions.

Our study has several strengths. The patientswere treated in a single
institution by one of 5 Gynecologic Oncologists. Complete medical re-
cords were available and patients were treated similarly over the time
frame. The patient population at our large tertiary academic medical
center is similar to the US population. There were some limitations to
this study, including its retrospective nature. We also relied on chart
documentation regarding patient symptoms and exam findings, which
at times could be incomplete or inaccurate. The absence of an outpatient
electronic medical record often made interpreting the reason for an of-
fice visit difficult. Often, the chief complaint was listed as “follow up”. In
addition, the numbers represent actual dollar costs and do not take into
account additional expenses accrued by the patient, including the cost
of travel.

The data presented in this study are just one example of exponential
health care costs in theUnited States. The cost increases furtherwith the
addition of travel, time off work, and other factors not included in our
cost model. Imaging studies are often included in post treatment sur-
veillance for ovarian cancer, but provide only a marginal increase in
Please cite this article as: Armstrong A, et al, Evaluation of the cost of CA
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sensitivity at an extraordinary increase in cost. Based on our data, the
NCCN guidelines will detect 95% of recurrences. Ovarian cancer con-
tinues to account for themajority of deaths from gynecologicmalignan-
cies and recurrences are quite common. There is limited evidence
supporting the various surveillance strategies that may be employed
in this large patient population. The NCCN guidelines remain the stan-
dard of care for most gynecologic oncologists.

One certainly could argue that early detection is prudent in this pop-
ulation given the greater likelihood of meaningful second line therapy
justifying the increased healthcare expenditure. However, most evi-
dence suggests that early detection of recurrence does not necessarily
increase survival in all patients [20].

Earlier detection of recurrences may help classify patients more ac-
curately into the platinum refractory versus platinum sensitive sub-
types of recurrent ovarian cancer and this information may be useful
in counseling patients regarding prognosis and further treatment op-
tions. Future studieswill likely be aimed at treating two different groups
of patients, those that are platinum sensitive and those that are plati-
num resistant.

Our model, while simplistic, illustrates the wide variation of costs
associated with screening strategies in this cohort of women. As
healthcare dollars become increasingly scarce, we must critically
evaluate our practice of medicine in this light. We are all undoubted-
ly dedicated to improving the lives of women with ovarian cancer.
Cost savings based upon reasonable data driven screening strategies
may eventually lead to a decrease in the large financial burdens that
plague many women with ovarian cancer.

NCCN guidelines remain the gold standard for surveillance after
treatment of ovarian cancer. Future research is needed before any revi-
sion of this standard screening strategy. From our own data review, we
were able to see that practices between physicians vary andmay ormay
not be in agreement with NCCN guidelines. All of the physicians in our
review were Gynecologic Oncologists, and one can only assume that
practices among other types of physicians following these patients are
evenmore varied. Millions of dollars are being spent to screen this pop-
ulation for recurrence and it would behoove us to develop a standard
and follow it.
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