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Supplementary Materials 
 

eMethods 
 
Further cost model details-The Markov-model was constructed in the R statistical environment using the heemod package.1 
The model defines six possible disease states (Alive With Disease, Treatment Complications, Discontinued Treatment for 
Complications, Progression, Progression with Complications, and Dead, eFigure 1). Each disease state is associated with a 
cost (costs of treatment and complications), and a utility (Quality-of-Life value). For each of the maintenance and 
observation arms, the model assumes 1,000 patients meeting eligibility criteria for CAIRO3 (metastatic unresectable 
colorectal cancer with adequate performance status and stable disease or better after induction capecitabine, oxaliplatin, and 
bevacizumab induction chemotherapy) begin in the Alive With Disease state.2 The model then proceeds through 29 
iterations, each representing 9 weeks, or 3 chemotherapy-cycles of treatment. The term “Markov-Iterations” is chosen over 
the more commonly used “Markov-Cycle” to avoid confusion between model-cycles and chemotherapy-cycles. The 9-week 
Markov-iteration length was chosen based on the frequency of patient assessments in CAIRO3.2 Twenty-nine cycles 
correspond to 60-month follow-up, and also allows nearly all patients to move out of cost and utility-accruing states.  
 With each iteration, patients progress from Alive With Disease to other disease states based on the assigned 
transition-probabilities. For example, in the first iteration of the maintenance arm model, 1,000 patients accrue the cost of 9-
weeks of treatment, and the maintenance Quality-of-Life value (0.735) multiplied by the duration (9-weeks) to give Quality-
Adjusted Life-Years accrued. At the end of this Markov-iteration, the assigned transition-probabilities determine the 
proportion of patients moving into other states (eFigure 1). Most patients (66.3%) remain in the Alive With Disease state, 
while a fraction of these patients move on to other disease states (16.8% to Treatment Complications state, 13.5% to 
Progression, and 3.4% to Progression With Complications). In these other states, different costs and utilities accrue. At the 
start of the next iteration, 663 patients are Alive With Disease, 168 have Complications, 135 have Progression, and 34 have 
Progression and Complications, and the model proceeds with each additional state having its own transition-probabilities for 
remaining in that state or moving to another. Of note, CAIRO3 does not report treatment dropout in the observation group, 
and in the model no observation patients Discontinue Treatment for Complications. At the end of 29 iterations, the total 
costs and Quality-Adjusted Life-Years accrued are tallied, and mean per-patient costs and utilities are determined. 
Incremental costs and utilities represent the difference in costs and utilities accrued between the maintenance and 
observation groups. Transition-probabilities were determined based on progression, overall survival, and complication rates 
reported in CAIRO3.2   
 As this study sought to determine incremental cost-effectiveness of maintenance capecitabine/bevacizumab, non-
incremental costs and costs outside of maintenance treatment were not considered. Therefore, protocol-defined routine 
follow-up and imaging that are the same between groups were not included. Costs of additional office-visits and laboratory 
monitoring necessary during maintenance treatment, but which observation patients did not require, were included in the 
model administration costs. Similarly, costs accruing after progression, when maintenance therapy has ended, were not 
considered. CAIRO3 does not report Quality-of-Life or treatment received after progression.2 The model therefore uses a 
Quality-of-Life penalty based on results reported in another trial of metastatic colorectal cancer maintenance treatment,3 and 
assumes that while many different post-progression treatments are available in the United States, these will be, on average 
in the aggregate Medicare population, equivalent.  
 Costs for complications were included for both groups. In the observation group, complications were likely due to 
residual effects of induction chemotherapy, however, because CAIRO3 data do not provide a way to distinguish 
complications due to induction versus those due to capecitabine/bevacizumab in the maintenance treatment group, all 
complications for both groups were included. As the model charges complication costs only once upon entry into the 
Treatment Complications state, frequency-weighted complication costs were adjusted to account for the proportions of 
patients in each arm who proceed directly to the Progression With Complications state. 
 
Sensitivity Analyses- Deterministic and probabilistic sensitivity analyses were performed. In the deterministic sensitivity 
analyses, a single variable is tested at a time, with the model re-run using the high and low values shown in eTable 1. This is 
performed for all variables sequentially. In the probabilistic sensitivity analyses, the models were re-run for 2,500 
resamplings of each arm with each variable changed simultaneously according to the probability distributions shown in 
eTable 1. Two separate probabilistic sensitivity analyses were performed. In the first, all variables in eTable 1 were varied. 
Next, because transition-probabilities for progression and complications reflect the effectiveness and toxicity of 
maintenance chemotherapy and are likely not modifiable, a second probabilistic sensitivity analysis was performed holding 
transition-probabilities constant, while varying only cost and Quality-of-Life assumptions. The same distributions shown in 
eTable 1 were used.  
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IRB Statement-This research involved cost modeling based on publicly-available cost data and aggregate de-identified 
results of a previously published clinical trial. It did not involve human subjects participants or research, and no Institutional 
Review Board approval or informed consent was required. The original CAIRO3 trial was Institutional Review Board-
approved.2  
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eTables: 

 

Variable Base 
Value 

Minimum Maximum Distribution 

Transition Probabilities     
  Maint. Progression 0.16871 0.12653 0.21089 Binomial, prob=0.16871 
  Maint. Death 0.16024 0.12018 0.20030 Binomial, prob=0.16024 
  Maint. Complications 0.20198 0.15149 0.25248 Binomial, prob=0.20198 
  Maint. Discontinued 0.00769 0.00577 0.00961 Binomial, prob=0.00769 
  Obs. Progression 0.38216 0.28662 0.47770 Binomial, prob=0.38216 
  Obs. Death 0.12228 0.09171 0.15285 Binomial, prob=0.12228 
  Obs. Complications 0.16449 0.12337 0.20561 Binomial, prob=0.16449 
Costs ($/9-wk Markov-iteration)     
  Bevacizumab 16,790.85 12,593.14 20,988.56 Γ, mean=16,791, sd=5,541 
  Capecitabine 1,729.20 1,296.90 6,000.00 Γ, mean=1,729, sd=570 
  Administration 1,282.98 962.24 4,400.00 Γ, mean=2,841, sd=1,500 
  Complications (Observation) 62.05 62.05 265.46a Γ, mean=164, sd=75 
  Complications (Maintenance) 311.99 311.99 427.18a Γ, mean=370, sd=150 
Utility     
  Baseline Quality-of-Lifeb 0.7535 0.5651 0.9419 Binomial, prob=0.7535 
  Quality-of-Life Difference 0.0185 0.0139 0.0981 Binomial, prob=0.0185 
  Quality-of-Life after Progressionc 0.100 0.075 0.125 Binomial, prob=0.1000 

 
eTable 1: Sensitivity analysis inputs. Variables tested in the sensitivity analyses are shown in the left column. Two-way 

deterministic sensitivity analysis inputs are shown as the base value, maximum, and minimum values. Distributions used for 

the probabilistic sensitivity analysis are shown in the right column. Two probabilistic sensitivity analyses were performed. 

In the first, all values shown were varied. In the second, transition probability assumptions were held constant at baseline 

values, while quality-of-life and cost values were varied according to the distributions shown. Note that for probabilistic 

sensitivity analysis distributions, means higher than the model base values were included for administration costs as these 

were judged more likely to be more rather than less expensive in actual practice. Binomial distributions used sample sizes of 

500 to estimate proportions for resampling. 

aUpper limit based on Medicare payments for the more-expensive separate amlodipine/losartan combination for hypertension versus 
amlodipine/benazepril.4 
bBaseline Quality-of-Life is midway between values for Quality-of-Life in the maintenance and observation arms. Quality-of-Life Difference is then added 
to Baseline Quality-of-Life (for observation), or subtracted from Baseline Quality-of-Life (for maintenance) to give Quality-of-Life values for the two 
arms. This allowed varying Quality-of-Life values for both arms simultaneously in the sensitivity analysis. 
CQuality-of-Life after Progression represents the value deducted from Baseline Quality-of-Life upon progression.  
 
Abbreviations: Maint. Progression, Maint. Death, Maint. Complications, Maint. Discontinued Transition-probabilities for progession, death, 
complications, and discontinuing treatment due to complications, respectively, in the maintenance arm; Obs. Progression, Obs. Death, Obs. Complications 
Transition-probabilities for progression, death, and complications in the observation arm; wk week; QoL Quality-of-life 
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eFigures: 

 
                             
                                      A                                                                                                 B 
                                            
eFigure 1: Markov-model diagrams showing progression through different model states for patients undergoing maintenance therapy (A) and 
observation (B). Six health states exist: Alive With Disease (AWD), Alive With Disease and Treatment Complications (TC), Alive With Disease and 
Discontinued Maintenance Treatment due to Complications (DC), Alive With Disease and Progression (PC), Alive With Disease and Progression and 
Complications (PC), and Dead. Nodes show different possible model states while edges indicate direction of change and transition-probabilities. Circular 
arrows indicate transition-probability for remaining in the same state for the next model-iteration. Dead is the final absorbing state.  
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eFigure 2: Probabilistic sensitivity analysis varying all model inputs simultaneously according to the distributions specified in eTable 1. (A) 
Incremental Costs and incremental Quality-Adjusted Life-Years accrued in 2,500 probabilistic sensitivity analysis model resamplings. Incremental Cost-
Effectiveness Ratios (ICER) are calculated for each point by dividing incremental cost by incremental Quality-Adjusted Life-Years. Probabilistic 
sensitivity analysis covariance plots (B) demonstrate the percent of variance explained by different model input parameters in the probabilistic sensitivity 
analysis in terms of Costs (dollars) and Effects (Quality-Adjusted Life-Years accrued) for maintenance and observation groups.  
 
Abbreviations: Maint. Progression TransProb, Maint. Death TransProb, Maint. TC TransProb, Maint. DC TransProb Transition-probabilities for 
progression, death, developing treatment complications, and stopping treatment due to complications for maintenance patients; Obs. Progression 
TransProb, Obs. Death TransProb, Obs. TC TransProb the same for observation patients; Maint. Complication Cost, Obs. Complication Cost Costs of 
complications in maintenance and observation groups; Baseline QoL, QoL Difference, Progression QoL Model quality-of-life values. Observation and 
maintenance QoL values are calculated by adding or subtracting QoL Difference to Baseline QoL, which is midway between the baseline values for 
observation and maintenance. Upon progression, Progression QoL is subtracted from Baseline QoL. This allowed varying QoL for both treatment arms 
simultaneously.   
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eFigure 3: (A) Plot of incremental utilities (Quality-Adjusted Life-Years) versus incremental costs from 2,500 resamplings in a second probabilistic 
sensitivity analysis (PSA) varying only cost and Quality-of-Life assumptions, while holding transition-probabilities constant. This probabilistic sensitivity 
analysis has no negative Incremental Cost-Effectiveness Ratios and the range of incremental Quality-Adjusted Life-Years is smaller compared to the 
probabilistic sensitivity analysis in eFigure 2A. Incremental Cost-Effectiveness Ratio values for each plotted point are the incremental cost divided by 
incremental Quality-Adjusted Life-Years  
accrued.  
(B) Plot of probability of cost-effectiveness based on a probabilistic sensitivity analysis varying only cost and Quality-of-Life values (eFigure 3A). 
Probability of cost-effectiveness for maintenance (red solid line) and observation (blue dotted line) strategies is plotted versus different Willingness-To-Pay 
values. At Willingness-To-Pay values less than $460,323 per Quality-Adjusted Life-Year, the probability of cost-effectiveness for maintenance treatment is 
<5%, while a 50% probability of cost-effectiveness occurs at a Willingness-To-Pay of $777,220 per Quality-Adjusted Life-Year. 
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