
Consolidation Paclitaxel is more Cost-Effective than
Bevacizumab following Upfront Treatment of Advanced
Epithelial Ovarian Cancer

Jamie L. Lesnock, MD1, Coreen Farris, PhD2, Thomas C. Krivak, MD1, Kenneth J. Smith,
MD MS2, and Maurie Markman, MD3

1Magee-Womens Hospital of the University of Pittsburgh Medical Center, Pittsburgh PA
2Division of General Internal Medicine, University of Pittsburgh, Pittsburgh PA
3Cancer Treatment Centers of America, Philadelphia PA

Abstract
Introduction—Randomized trials have demonstrated significant improvements in progression-
free survival (PFS) with consolidation paclitaxel (P) and bevacizumab (B) following cytoreduction
and adjuvant carboplatin/paclitaxel (CP) for advanced epithelial ovarian cancer (EOC). We sought
to evaluate the cost-effectiveness (C/E) of these consolidation strategies.

Methods—A decision model was developed based on Gynecologic Oncology Group (GOG)
protocols #178 and #218. Arm 1 is 6 cycles of CP. Arm 2 is 6 cycles of CP followed by 12 cycles
of P (CP+P). Arm 3 is 1 cycle of CP, 5 cycles of CPB, and 16 cycles of B (CPB+B). Parameters
include PFS, overall survival (OS), cost, complications (neuropathy for P and bowel perforation
for B), and quality-of-life utility values. Sensitivity analyses were performed.

Results—The incremental cost-effectiveness ratio (ICER) for CT+T is $13,402/quality adjusted
life year (QALY) gained compared to CP. For CPB+B compared to CP, the ICER is $326,530/
QALY. When compared simultaneously, CPB+B is dominated, i.e. is more costly and less
effective than CP+P. Results were robust to parameter variation. At a willingness to pay threshold
of $100,000/QALY, CP+P was the preferred option throughout most of the decision space.
Sensitivity analyses suggest that CPB+B would become the preferred option if it were to improve
OS by 6.1 years over CP+P.

Conclusions—In this model, B consolidation for advanced EOC was associated with a modest
improvement in effectiveness that is less than that with P consolidation and mor e costly. A
statistically significant improvement in survival may improve the value of B consolidation.
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Introduction
Epithelial ovarian cancer (EOC) is the most lethal gynecologic cancer, with an estimated
21,880 new cases resulting in 13, 850 deaths in 2010. [1] The high mortality rate is in part
due to late diagnosis, as the majority of patients will be Federation of Gynecology and
Obstetrics (FIGO) Stage III or greater. [2] It can also be attributed to other prognostic
indicators such as the extent of residual disease following initial surgical cytoreduction and
the presence of chemotherapy resistance. [3]

Standard therapy for advanced EOC is surgical cytoreduction followed by 6 cycles of
carboplatin and paclitaxel (CP). [4] However, this “standard” regimen has been modified as
alternative techniques (intraperitoneal (IP) administration) and dosing schedules
(consolidation therapy, dose-dense therapy) are developed. The Gynecologic Oncology
Group (GOG) study protocol 178 showed that 12 cycles of P significantly improves
progression-free survival (PFS) by a median of 8 months in patients with advanced EOC
who had achieved a complete response to primary chemotherapy. [5,6] This regimen,
however, showed no statistically significant benefit for overall survival (OS).

Novel biologic agents are also being developed, with the rationale that these therapies may
overcome the intrinsic and acquired drug resistance seen in patients with advanced and/or
recurrent disease. One such agent is bevacizumab (B), an anti-angiogenic compound.
Multiple phase II clinical trials of B have shown good tolerability and impressive response
rates, even in patients with platinum-resistant disease. [7,8] The preliminary results
presented in abstract form at the ASCO Annual Meeting, 2010, of the phase III evaluation of
consolidation B therapy also demonstrated an improvement in PFS by a median of 4 months.
This strategy is under further investigation in the current phase III trials for advanced
ovarian cancer (GOG protocols 252 and 262). [9]

Despite improvements in PFS, the use of consolidation chemotherapy following upfront
treatment of advanced EOC remains to be decided. The lack of OS benefit in the setting of
increased neurotoxicity with P consolidation has thwarted its acceptance. B is an expensive
therapy, and this has hampered excitement over relatively minimal improvement in PFS.
Therefore, we sought to evaluate the cost-effectiveness (C/E) of consolidation P versus B
following primary treatment with surgical cytoreduction and CP for advanced EOC.

Methods
Baseline Model

A Markov state transition model was constructed using commercially available software
(TreeAge Inc., Williamstown, MA). The model compared the reference treatment arm with
two consolidation strategies for a hypothetical cohort of patients with advanced stage EOC.
(Figure 1) The patients are those with FIGO Stage III or greater disease who have undergone
surgical cytoreduction, with residual disease being classified as either optimal or suboptimal.
Treatment in the reference arm (Arm 1) consisted of six cycles of CP. In Arm 2, patients are
treated with 6 cycles of CP followed by 12 cycles of T (CP+P). Arm 3 includes patients
treated with one cycle of CP, 5 cycles of CP and B (CPB), followed by 16 cycles of B (CPB
+B). These regimens are based on GOG protocols 158, 178 and 218, respectively. (Table 1)

Markov states were PFS, recurrence, and death. During the consolidation phase of
treatments, Markov states also included treatment complications (neuropathy and bowel
perforation). A cohort of women entered the model at age 58. [5] All patients were assumed
to survive surgical cytoreduction after which they entered the Markov model where the
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likelihood of transitioning to a cancer recurrence or death was determined via survival data
translated into 28-day increments and followed for 10 years.

The base case model was developed from the perspective of the health care system. Costs
included hospital and professional costs associated with chemotherapy and treatment of
toxicities and complications. All costs estimates were calculated in 2009 U.S. dollars and
discounted at a rate of 3% per year. Toxicity was accounted for within the model by its
effects on the actual cost of treatment as well as effect on quality-adjusted life years
(QALY). All QALY estimates were discounted at a rate of 3% per year.

Model Parameters
Parameters include PFS, OS, costs, and quality-of-life (QOL) utility values. These were
obtained from review of the reference trials used to define the arms as well as general search
of the literature through PubMed. The key clinical assumptions are illustrated in Table 2.

Clinical assumptions
Assumptions were made about the likelihood an optimally versus suboptimally debulked
patient would present clinically. GOG 158 included only optimally debulked patients. In
GOG 178, approximately two-thirds of the patients enrolled were optimal Stage III. GOG
218 patients were predominately suboptimal Stage III and IV (66%). Given this variation,
the first key assumption is that one-third of patients entering the model will be suboptimal.

PFS and OS times were estimated from the published data. Regarding Arm 1, Winter et al
reported OS rates for microscopic disease (71 months), macroscopic but <1cm disease (42
months), and >1cm (suboptimal) disease (35 months). [10] We estimated an OS for optimal
patients within the microscopic and <1cm groups at 58 months and used 35 months for
suboptimal patients. A similar compromise was made for PFS, estimating 24 months for
optimal and 14 months for suboptimal patients. These estimates are also consistent with
phase III studies not included in this review, GOG protocol 182. [11]

For the CP+P cohort, Abaid et al reported on cohort of patients who received P
consolidation with specific survival estimates for optimal and suboptimal patients. [12,13]
They reported OS rates for optimal patients receiving 12 cycles of P consolidation of 80
months. [13] The GOG 178 follow-up study reported an OS of 53 months for 12 cycles of P
consolidation. [6] PFS numbers also varied between studies: 22 months for 12 cycles in
GOG 178, 35 months for optimal and 20 months for suboptimal in the Abaid studies. The
key clinical estimates take into account both. OS was estimated to be 70 months for optimal
and 42 months for suboptimal patients. PFS was estimated at 35 months for optimal and 20
months for suboptimal patients.

The CPB+B cohort estimates were derived from GOG 218 data (available only in abstract
form at the time of this manuscript). [9] The OS data is not yet mature. Early estimates for
PFS are 14.1 months. Recurrent disease could be defined by a rising CA125, which has been
argued to hasten the median PFS. [14,15] Given this potential limitation, equivalent survival
estimates for B and P consolidation were used. This provides a liberal estimate of the
potential survival improvement seen with B as it more than doubles the 14-month PFS
estimate reported to 35 months for optimal and increases it to 20 months for suboptimal
patients.

QOL adjustments for toxicities, recurrence, and PFS are listed in Table 2. As there are no
published utility estimates for patients with EOC undergoing the regimens described in this
model, a panel of three gynecological oncology experts (JL, TK, MM) provided consensus
judgments for utility values. These were based on similar models and published literature
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regarding the QOL of ovarian cancer patients. [16,17] For the reference arm (CP), the utility
index was estimated to be 0.77, which approaches values cited for patients generally on
chemotherapy. [16] The addition of B in Arm 3, because it is very tolerable, was assumed to
leave the estimate unchanged. [18] The utility values during the maintenance phase of CP
+P, the maintenance phase of CPB+B, and the first six, 28-day cycles of recovery from each
chemotherapy regimen were estimated to be 0.80, 0.82, and 0.84, respectively.

For the purposes of calculating medication costs, patients were assumed to enter the model
with an average weight of 76.9 kg and average height of 1.62 meters. [5,19]

Toxicity
Since each arm has equal cycles of CP, common hematologic and gastrointestinal toxicities
were assumed to occur at equivalent rates and omitted from analysis. Arm 3 does include B
with 5 of the 6 initial CP cycles; however, phase II data does not indicate that B increases
the rate of these toxicities. [8,9] Thus, the key toxicities included in this model include
neuropathy and bowel perforations.

In GOG 178, the rate of Grade 3 neuropathy was reported as 5% for 12 cycles. [6] Being
conservative, our key assumption for Grade 3 or 4 neuropathy was a basal rate of 7% in
arms 1 and 3 during CP administration, and 20% in arm 2 during P consolidation.

There are several B-associated side effects to consider for inclusion in the model, including
hypertension, thromboembolism, and gastrointestinal perforations. [18] B-induced
hypertension is usually mild and medically managed with little increase in the total cost of
the therapy. [18] It is unclear whether thromboembolic events are increased in patients
receiving B over the baseline malignancy rate [20,21] As a result, these toxicities were
excluded from the model. Gastrointestinal perforations were included as the main toxicity
associated with the addition of B to cytotoxic therapy. The rates of perforation associated
with B vary in the literature between ~1.5 and 10%. [7–9] Our key estimate was a 3% rate of
bowel perforations with a 50% risk of death. [22,23]

Costs
The cost estimates incorporate the reimbursement costs of medication and administration,
major complications, and surveillance. [Table 3] With the exception of B, all costs were
estimated based on hospital costs, Medicare reimbursement rates as documented in the
available literature, the Agency for Healthcare Research and Quality (AHRQ) database, the
AHRQ Health Care Utilization Project (HCUP) database, the American Medical Association
(AMA) database, the CMS Physician Payment database, or Red Book AWP medication
costs. B was included at the cost to the author’s home institution, which is less than
published AWP values. Estimates were adjusted via the consumer price index to 2009 U.S.
dollars.

Estimating surveillance costs required the following assumptions, which were extrapolated
from clinical trial protocols for the purpose of the model. Following completion of the
chemotherapy regimen, patients were assumed to return for an office visit, laboratory tests
and CA-125 testing every 3 months for the first 2 years, and then every 6 months thereafter
provided they remained progression-free. A computed tomography scan of the abdomen and
pelvis with oral and IV contrast was assumed to occur yearly for five years.

Cost-Effectiveness and Sensitivity Analysis
Incremental cost-effectiveness ratios (ICER) were calculated as the ratio of the additional
economic impact of a strategy relative to the improvement in quality-adjusted survival time
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of the more costly and effective strategy. A series of one-way and two-way sensitivity
analyses were performed to account for uncertainty in clinical assumptions. Model
probabilities, QOL indices, and toxicity costs were varied individually in one-way
sensitivity analyses (see tables 2 and 3 for ranges). PFS and OS ranges were yoked across
the suboptimal and optimal patient groups to maintain the survival benefit of an optimal
cytoreduction, and then two-way sensitivity analyses were used to vary PFS in the CP+P
versus CPB+B cohort and OS across the CP+P versus CPB+B cohort (see table 2 for
ranges). The influence of costs on model conclusions was examined in a one-way sensitivity
analysis that varied all CPB+B costs simultaneously. A willingness-to-pay threshold of
$100,000/QALY was used to define strategies that are cost-effective from the standpoint of
resource utilization in the U.S. healthcare system. [24,25]

Results
Cost-effectiveness analysis

The results of the C/E analysis are shown in Table 4. This model revealed that consolidation
P had a cost of $23,886 per patient with an effectiveness of 3.36 QALY’s. Consolidation B
cost $122,899 per patient with a similar effectiveness of 3.31 QALY’s. When compared to
the reference arm, the ICER for CP+P is $13,402/QALY and is $326,530/QALY for CPB
+B. When all three strategies are compared simultaneously, CPB+B is dominated by CP+P.
In other words, CPB+B is more costly and less effective than CP+P.

Sensitivity analyses
Sensitivity analyses demonstrated that model conclusions were robust to variation across
parameters at a willingness-to-pay threshold of $100,000/QALY. CP+P was the preferred
option throughout most of the decision space for all analyses. Two-way sensitivity analysis
was used to vary PFS times for the CP+P and CPB+B cohorts simultaneously. Across a
range of values, CPB+B would never become the cost-effective option even if it were to
improve PFS by 10 years or more over CP+P. For OS, sensitivity analyses suggest that CPB
+B would become a preferred option (i.e., C/E at a $100,000/QALY threshold) if it were to
improve OS by 6.1 years beyond baseline CP+P improvement. (Figure 2) A one-way
sensitivity analysis varied the total cost of CPB+B treatment from zero to the base case
value. If the total cost of CPB+B were to drop below 37% of the total current cost, the ICER
would drop below $100,000 as compared to the CP arm, but the strategy would still be
dominated by CP+P. The total cost of CPB+B would have to drop to less than 12% of the
current cost before it would become a cost-effective alternative to CP+P.

Discussion
In this model, treatment of advanced EOC with CP followed by B consolidation (GOG 218)
was associated with a modest improvement in effectiveness that is less than that with P
consolidation and more costly. With an ICER of $13,402/QALY for 12 cycles of P
consolidation, CP+P is more cost-effective than the reference strategy of CP and dominates
B consolidation.

The optimal treatment strategy for advanced EOC following surgical debulking is still a
matter of debate. Multiple studies have demonstrated improvements in survival with the use
of IP chemotherapy compared to IV therapy; however, concerns about toxicity,
administration, and QOL continue to prevail. [2] P consolidation has not been routinely
adopted secondary to lack of demonstration of an OS benefit as well as concerns about
toxicity. [5,6] Biological agents hold promise for the treatment of EOC, with B being one of
the most studied. [7,8] Despite its tolerability, critics of B cite modest improvements in
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survival as well as significant costs associated with the drug. [8] The actual cost of B at our
institution starts at more than $2000/cycle, which is nearly ten times the cost of P. Granted,
this increased cost would likely be readily adopted if survival benefits were clear, but the
lack of data demonstrating an OS benefit may be one of the key factors impairing its
widespread adoption and use. Moreover, extending the use of B to progression needs to be
assessed in the setting of objective efficacy and cost data.

We recognize that there are several limitations to this model. First, the basis of the creation
of the model is to compare three separate and different clinical trials; thus, assumptions are
made to define the parameters of the model to allow such comparisons. Although the
estimates are based on published literature and available data sets, the final value is based on
judgment. For instance, survival estimates are based on published trials, but given the
variation of the study populations and definitions of recurrence, it is difficult to define a
single estimate that would be globally applicable. There is also significant variation in the
patients enrolled. In GOG 178, approximately 66% were optimal stage III patients, while the
majority (66%) of patients enrolled on GOG 218 were either suboptimal stage III or stage
IV. [5,9] The model accounted for this variation and forced all arms to treat the same
proportion of suboptimal patients. Another important distinction is the patients who received
maintenance chemotherapy. In GOG 178, patients had to attain a clinically defined complete
response in order to be enrolled; whereas, GOG 218 included patients with or without
measurable disease, so that the primary endpoint of PFS may have been based on patients
with stable disease. [5,9] This difference may have impacted the magnitude of PFS, which
would ultimately be reflected in the model parameters.

Another limitation is the QOL utility value estimates. There are no utility values that have
been validated for patients specifically with EOC, nor for the therapies included in this
model. The cost estimates are based on institutional costs of the drug and infusion, but these
may be regionally dependent. Furthermore, the cost estimates do not account for outpatient
issues, hospitalizations, delays in therapy requiring additional laboratory testing and
imaging, etc. We attempted to account for discrepancies in estimates with the sensitivity
analyses, and our results remained consistent.

Finally, this model uses CP as the reference treatment. There are, however, other options for
upfront therapy that some may argue is more appropriate for advanced EOC, namely IP
chemotherapy or dose-dense P. [30–31] The authors recognize the optimal analysis would
be to include a C/E evaluation in a prospective trial comparing P to B consolidation.

Despite these limitations, the main findings of this C/E analysis suggest that P consolidation
is more C/E than B consolidation. With an ICER of $13,402/QALY, P consolidation appears
to be the agent of choice for consolidation chemotherapy in this model. B is both more
costly and less effective. Furthermore, variations within the model that would make B the
treatment of choice would require significant increases in survival (6.1 years OS) which are
not likely to be realized based on current information. Also, from a purely cost standpoint,
the price of B would have to significantly drop (less than 12% of its current cost) for it to be
a C/E alternative to CP. This is an important issue when choosing which patient to offer
consolidation chemotherapy and with what agent.

According to the 2009 World Health Organization statistics report, the U.S. spends nearly
16% of its gross domestic product on healthcare, yet indicators of health, such as mortality
rates and life expectancy, are not higher than comparable Western countries. [32,33] The
reasons for this paradox are complex and multi-factorial. Pharmaceutical costs and provider
variation are only part of the equation. While biological agents are an attractive treatment
strategy for advanced EOC, objective survival benefits need to be assessed in the setting of
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costs of treatment and toxicities. This model suggests that consolidation B is not a C/E
strategy, both when compared to consolidation P as well as treatment with CP. The decrease
in actuarial costs and increases in survival necessary to promote this strategy are not likely.

Research Highlights

• Paclitaxel is a more cost-effective consolidation option in advanced ovarian
cancer

• Consolidation Bevacizumab is not cost-effective for advanced ovarian cancer
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Figure 1.
Decision tree structure for the clinical c ourse of patients with advanced epithelial ovarian
cancer. Final Markov node expanded.
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Figure 2.
Two-way sensitivity analysis varying OS for CP+P and CPB+B. Each solid black line is the
base case model OS assumption (60 months for each arm). The intersection of these lines
falls in a demarcated region where a given treatment strategy is the preferred one given a
willingness to pay threshold of $100,000/QALY. In the current model, the intersection falls
in the CP+P region, suggesting it is the preferred strategy, but if OS for CPB+B were 160
months and OS for CP+P remained the same, the intersection would move to the CPB+B
region, suggesting it is the cost-effective strategy.
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Table 1

Treatment Arms

Treatment Arms Study Reference Dosage and Treatment Times

Arm 1 (CP) Ozols et al, 2003 [4] 135 mg/m2 P over 3 hrs + C (AUC 7.5)
21-day cycle × 6

Arm 2 (CP+P) Markman et al, 2003 [5] CP as above followed by *175mg/m2 IV P over 3 hrs
28-day cycles × 12

Arm 3 (CPB+B) Markman et al, 2003 [5] 175 mg/m2 P + C (AUC 6) × 1 cycle
175 mg/m2 P + C (AUC 6) + B 15 mg/kg × 5 cycles
B 15 mg/kg × 16 cycles

Note. CP – carboplatin and paclitaxel; CP+P, carboplatin, paclitaxel and paclitaxel maintenance; CPB+B, carboplatin, paclitaxel, bevacizumab, and
bevacizumab maintenance; AUC, area under curve
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Table 2

Model Estimates - Clinical Assumptions

Clinical Parameter Estimate [refs] Range

Probabilities

  Surgical cytoreduction suboptimal 0.33a 0.00 – 1.00

  Neuropathy | CP 0.07a 0.03 – 0.14

  Neuropathy | CP+P 0.20a 0.10 – 0.40

  Neuropathy | CPB+B 0.07a 0.03 – 0.14

  Bowel Perforation | CPB+B 0.03a 0.015 – 0.10

  Death | Bowel Perforation 0.50a 0.00 – 0.75

Progression Free Survival (months)

  CP

    Optimal 24a reference

    Suboptimal 14a reference

  CP+P

    Optimal 35a 17.5 – 105

    Suboptimal 20a 10 – 60

  CPB+B

    Optimal 35a 17.5 – 105

    Suboptimal 20a 10 – 60

Overall Survival (months)

  CP

    Optimal 48a reference

    Suboptimal 35a reference

  CP+P

    Optimal 70a 35 – 210

    Suboptimal 42a 21 – 126

  CPB+B

    Optimal 70a 35 – 210

    Suboptimal 42a 21 – 126

Quality of Life Utility Index

  Chemotherapy

      CP Cycles 0.77a 0.64 – 0.85

      CPB Cycles 0.77a 0.64 – 0.85

      P Maintenance Cycles 0.80a 0.66 – 0.88

      B Maintenance Cycles 0.82a 0.68 – 0.90

      Months 1–6 Recovery 0.84a 0.70 – 0.93

  PFS 0.85 [34] 0.75 – 1.00
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Clinical Parameter Estimate [refs] Range

  Cancer recurrence 0.65 [34] 0.50 – 0.85

  Neuropathy 0.94 [35] 0.80 – 1.00

  Bowel perforation 0.85 [36] 0.50 – 0.95

Discount rate 0.03 0.00 – 0.05

a
See text for rationale

Note. CP: Carboplatin and Paclitaxel; CP+P: Carboplatin and Paclitaxel followed by Paclitaxel consolidation; CPB+B: Carboplatin and Paclitaxel
and Bevacizumab followed by Bevacizumab consolidation.
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Table 3

Model Estimates - Costs

Clinical parameter Estimate [refs] Range

Administration of infusion $551 [37] $0 – $551

Carboplatin (C), 150 mg, AWP $268.75 [38] $0 – $268.75

Paclitaxel (P), 6 mg/ml, 50 ml, AWP $155.16 [38] $0 – $155.16

Bevacizumab, 25 mg/ml, 16 ml, AWP $2191.45a $0 – $2191.45

Surveillance

    Office visit $205a $0 – $205

    Lab work $125a $0 – $125

    CA-125 $98a $0 – $98

    CT scan $2841a

Toxicities

    Bowel perforation (ICD-9 569.83, CPT 44604) $31,113b[39] $15–60,000

    Neuropathy (per episode) $844 [40] $400–1600

a
Cost to University of Pittsburgh Medical Center

b
Agency for Healthcare Research and Quality (AHRQ) [41] hospital cost estimate and American Medical Association (AMA) provider charge

estimate
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