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OBJECTIVE AND MODEL APPROACH
Objective

To estimate the cumulative life years saved and recurrences avoided in the United States from using trastuzumab
to treat HER2+ metastatic breast cancer (MBC) beginning in 1999 and early breast cancer (EBC) beginning in
2006

Model Approach

We estimated the annual number of women with HER2+ MBC and HER2+ stages II and III EBC who received
trastuzumab in the United States

We assumed no trastuzumab utilization prior to regulatory approval (1999 for MBC and 2006 for EBC)
Clinical trial use was not included in the model

In the EBC population, patients were modeled to be at risk for recurrence for 15 years following initial diagnosis
Model includes recurrences from patients with EBC initially diagnosed as early as 1985

Recurrences were counted in the model through 2019

We estimated total life years and cumulative population-level recurrences for two scenarios:
Actual: Trastuzumab plus chemotherapy was used

Counterfactual: Trastuzumab did not exist and chemotherapy alone was used

We compared the actual and counterfactual scenarios to estimate the life years saved and recurrences prevented
attributable to the use of trastuzumab

The model was built in R (version 3.6.3)
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MODEL INPUTS AND ANALYSES
Table 1:  Model Inputs
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Probabilistic Sensitivity Analysis

We used a Monte Carlo process to repeatedly re-sample all inputs that had associated measures of uncertainty
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and recalculated all model results using these resampled inputs. We repeated this process 500 times and used the
2.5 and 97.5 percentiles of the resulting distribution to estimate 95 percent uncertainty intervals (UIs)

Distributions were sampled from the lognormal distribution for hazard ratios, from the Poisson distribution for
rates, from the Dirichlet for contingency tables, and from the beta distribution for proportions 
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POPULATIONS
Figure 1:  Model Schematic

MBC (elements 1 and 2 in Figure 1)

Women diagnosed from 1999 through 2019 with de novo MBC who received trastuzumab plus chemotherapy
following their MBC diagnosis 

Women diagnosed with EBC from 1985 to 2005 who experienced distant (metastatic) recurrences between 1999
and 2019 and received trastuzumab plus chemotherapy following distant recurrence 

Women diagnosed with EBC from 2006 to 2019 who were not treated with trastuzumab for EBC, who
experienced distant (metastatic) recurrences between 2006 and 2019 (i.e., after approval for EBC), and who
received trastuzumab plus chemotherapy following distant recurrence

EBC (elements 3 and 4 in Figure 1)

Women diagnosed with node-positive or high-risk node-negative EBC from 2006 to 2019 and received
trastuzumab at the time of diagnosis

Women with low-risk (tumor size < 2 cm) node-negative (i.e., Stage 1) cancer were excluded to align with
the US prescribing information
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RESULTS
The annual incidence of MBC remained approximately constant over time despite population growth (Figure 2)

De novo MBC grew consistent with population growth, while recurrent MBC declined as a result of
trastuzumab treatment in the EBC setting

In HER2+ EBC from 2006-2019, trastuzumab use, compared to chemotherapy alone, was associated with: 
4,500 (95% UI 2,900-6,200) fewer loco-regional recurrences (Figure 3)

10,100 (95% UI 6,400-13,800) fewer distant recurrences (Figure 3)

407,900 (95% UI 291,800-528,500) life years saved (Figure 4)

In HER2+ de novo and recurrent MBC from 1999-2019, trastuzumab use, compared to chemotherapy alone, was
associated with: 

155,200 (95% UI 144,900-166,100) life years saved (Figure 4)

Figure 2:  HER2+ MBC Incidence Over Time
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RESULTS
Figure 3:  Cumulative Recurrences Prevented with Trastuzumab (2006-2019)

Figure 4:  Cumulative Life Years Saved with Trastuzumab in EBC and MBC
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LIMITATIONS AND CONCLUSIONS
Limitations

This is a model of the US population, and is based on estimates of patient counts and utilization

The results are conservative because the model does not include any benefit from: 
Treating women who have stage I EBC

Possible off-label use of trastuzumab prior to 2006 before the official approval of the indication for EBC

The model assumed that trastuzumab biosimilars have comparable efficacy to branded trastuzumab (Herceptin)  

The model does not account for the incremental benefit of combination dual targeted therapy with pertuzumab,
which in recent years has become standard of care in both the MBC and EBC settings

Conclusions

The use of trastuzumab to treat HER2+ breast cancer has: 
Saved a substantial number of women with EBC from recurrence 

Extended life in women with both EBC and MBC 

Future research should consider the incremental population-level health impact of dual targeted therapy
with pertuzumab in addition to trastuzumab in EBC and MBC
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ABSTRACT
OBJECTIVES: We estimated the cumulative life years saved and recurrences avoided after incorporating trastuzumab as
therapy for metastatic breast cancer (MBC) in 1999 and early breast cancer (EBC) in 2006 in the United States.

METHODS:  We constructed a model to estimate population survival and recurrence among patients who received trastuzumab
each year, and compared it to a counterfactual model in which trastuzumab treatment was not available.  We incorporated US
population counts, the age-, year-, and nodal status-specific incidence rates of HER2+ EBC, the age- and year-specific rates of
de novo MBC, recurrence rates in HER2+ EBC, and year-specific trastuzumab utilization rates in EBC and MBC.  Women with
low-risk, node-negative EBC were excluded.  The risk of recurrence with and without trastuzumab were based on 10-year trial
data.  Recurrences were estimated for 15 years after diagnosis by carrying the year 10 rate forward.  Survival after local and
regional recurrences was estimated using the 5-year relative survival for HER2+ EBC.  In MBC, the survival estimates with and
without trastuzumab were pooled across seven studies.  Uncertainty intervals (UI) were estimated using Monte Carlo simulation
with 500 replicates.

RESULTS: We estimate that between 2006-2019, trastuzumab use in HER2+ EBC led to the avoidance of 4,500 (95% UI
2,900-6,200) loco-regional and 10,100 (95% UI 6,400-13,800) distant recurrences. This in turn resulted in an incremental
407,900 (95% UI 291,800-528,500) life years saved compared to projected survival with chemotherapy alone.  In HER2+ MBC
from 1999-2019, there were 72,300 (95% UI 68,300-76,900) women with de novo or recurrent metastatic cancer treated with
trastuzumab, leading to an additional 155,200 (95% UI 144,900-166,100) life years relative to projected survival with
chemotherapy alone.

CONCLUSION: Trastuzumab has substantially increased the years lived, and reduced recurrences for women with HER2+
MBC and EBC in the United States.
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