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Aim: To extrapolate clinical trial results to estimate and compare expected progression-free and overall
life years (LYs) and quality-adjusted LYs (QALYs) for larotrectinib and entrectinib in patients with colorectal
cancer (CRC), soft tissue sarcoma (STS) and brain metastases prior to treatment with larotrectinib or
entrectinib. Methods: A naive direct comparison of larotrectinib versus entrectinib was made using
partitioned survival modeling methods from clinical trial data. Results: Larotrectinib resulted in an
additional 1.58 LYs (1.17 QALYs), 5.81 LYs (2.02 QALYs) and 1.01 LYs in CRC, STS and baseline brain
metastases, respectively, compared with entrectinib. Conclusion: Larotrectinib provided life expectancy
and QALY gains compared with entrectinib. Additional studies will be beneficial as more patients are
treated and survival data develop to better inform comparative effectiveness results.
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To effectively treat metastatic cancers, systemic drugs are needed to reach every organ via the bloodstream [1]. This
comes at a cost, as these drugs indiscriminately target both cancer and healthy cells, particularly those in the bone
marrow and gastrointestinal tract. With continuous innovations in cancer treatment and a better understanding
of signaling networks that control specific cellular activities (e.g., proliferation), treatments have been developed
aimed at specific targets, such as growth factors. These specific targets are overexpressed in certain types of cancers.
For example, HER2 is overexpressed in certain breast and stomach cancers and, therefore, targeted therapeutics
were developed to attack these specific proteins [2].

The clinical development programs for these targeted therapeutics focused on specific tumor types based on the
tissue of origin. This paradigm has now been challenged by tumor-agnostic agents and, specifically, a class of targeted
agents that are histology agnostic, which target NTRK gene fusion-positive tumors across several tumor types. While
NTRK gene fusions have a high prevalence in certain rare cancers such as secretory breast carcinoma (>90%), these
genetic alterations are rare in common cancers such as lung, sarcoma and colorectal cancer (CRC; <1%) [3]. As a
result, to accrue enough patients in clinical trial designs to adequately assess efficacy, basket designs where patients
across several tumor sites were enrolled were implemented [4].

The first drug that targeted NTRK gene fusion-positive tumors and received approval by the FDA was larotrec-
tinib in 2018, which had an overall response rate (ORR) of 75% (95% CI: 61–85%, independent review) in a
pooled analysis of three phase I and II single-arm trials of 55 combined pediatric and adult patients [5]. An updated
pooled analysis from these three phase I and II clinical trials of larotrectinib (NCT02122913, NCT02637687
and NCT02576431) resulted in an ORR of 75% (95% CI: 68–81%) based on an investigator review of 206
patients evaluable for response [6]. In 2019, entrectinib was also approved and a pooled analysis of three phase I and
II studies showed an ORR of 57% (95% CI: 43–71%, independent review) in 54 adult patients [7]. Additional
clinical studies demonstrated intracranial activity for both larotrectinib and entrectinib as NTRK gene fusions were
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detected in primary brain tumors and in cancers with a high risk for brain metastasis [8–11]. Having more viable
treatment options for patients with brain metastasis is necessary as the prognosis for these patients is poor and
represents a substantial mortality burden in advanced cancer [12,13].

As the obtained ORRs for larotrectinib and entrectinib were averaged across different tumor types, the underlying
assumption was that the efficacy or effectiveness was the same regardless of histology. However, there was likely to
be treatment effect heterogeneity by tumor type, and therefore patients would receive differential clinical benefits
based on histology. While the sample sizes were smaller when looking at subgroups, determining the comparative
effectiveness of larotrectinib and entrectinib based on available data is potentially beneficial, as choosing between
the two treatment options is a likely scenario that clinicians and patients will face. Treatment guidelines vary in
their recommendations on the use of larotrectinib and entrectinib. In non-small cell lung cancer (NSCLC), the Na-
tional Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology (NCCN Guidelines R©)
explicitly recommend trying either larotrectinib or entrectinib for NTRK 1/2/3 gene fusion-positive metastatic
NSCLC, although both of these targeted therapy options are recommended [14]. Therefore, if only a single attempt
can be made with either treatment, the decision in making the most effective choice would be aided by comparative
studies that assess short- and long-term health outcomes [15].

To assess other tumor sites, the objective of the current study was to assess the potential long-term comparative
effectiveness of larotrectinib versus entrectinib in CRC, soft tissues sarcoma (STS) and patients with brain metastases
prior to starting TRK inhibitor treatment by extrapolating clinical trial data. This permitted the assessment of
lifetime progression-free survival (PFS) and overall survival (OS) outcomes and estimate life years (LYs) and
quality-adjusted life years (QALYs).

Methods
A naive direct comparison of larotrectinib versus entrectinib was performed using a partitioned survival modeling
approach to extrapolate lifetime PFS and OS curves from available clinical trial data [16]. The models consisted of
three health states: progression-free, progression and death. The proportion of patients in each state was determined
by the extrapolated PFS and OS curves. PFS for both larotrectinib and entrectinib were assessed by an independent
review committee (IRC). In the CRC and STS models, PFS and OS curves were extrapolated from subgroup data for
larotrectinib and entrectinib using parametric curve fits (exponential, Weibull, log-logistic and log-normal) [17]. For
both models, after examining the visual fit, clinical plausibility and Bayesian information criterion, the exponential
fit was applied for both PFS and OS in both the CRC and STS models as well as for larotrectinib patients with
baseline brain metastases. Given the lack of available PFS and OS curves for patients with baseline brain metastases
on entrectinib, an exponential curve was fit through the median point for PFS and OS. This method was also
applied to the CRC and STS models for entrectinib as a sensitivity analysis (see Supplementary Material). Patients
were entered into the three models based on their median age from the clinical trials (Table 1).

US life tables were applied to prevent the possibility of higher age-adjusted survival rates for larotrectinib or
entrectinib in the parametric curve tails [22]. The LYs and QALYs obtained from the model were discounted at a 3%
rate [18]. One-way sensitivity analysis (OWSA) was performed to determine influential model input parameters.
Probabilistic sensitivity analysis (PSA) with 10,000 simulations was run to obtain 95% credible intervals (CrI)
around the LY and QALY estimates.

Larotrectinib survival data sources
Inputs for all three models were informed by updated July 2020 data assessed by an IRC for adult patients (≥18 years
of age) from the larotrectinib clinical trials program (NCT02122913, NCT02637687 and NCT02576431) [19].
The survival curves for the CRC model were estimated from 8 patients who had received fluoropyrimidine-,
oxaliplatin- and irinotecan-containing therapy, as appropriate, with or without anti-VEGF-directed therapy or
anti-EGFR directed therapy. The ORR for CRC patients was 37.5%, with 1 patient having a complete response
and 2 having a partial response, while 5 patients (62.5%) had stable disease as the best response (Table 1). The STS
model survival inputs were derived from 23 patients, excluding those with gastrointestinal stromal tumors, who
had received an anthracycline-containing chemotherapy regimen as a single agent or combination, as appropriate.
The ORR was 52.2%, with 6 patients (26.1%) having a complete response, 1 (4.3%) with a surgical complete
response, 5 (21.7%) with a partial response and 6 (26.1%) with stable disease as the best response. There were 14
patients with brain metastases prior to starting larotrectinib. The ORR in this subgroup was 85.7% with 1 patient
(7.1%) having a complete response, 11 patients (78.6%) with partial responses and 1 (7.1%) with stable disease as
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Table 1. Outcomes from clinical studies.
Larotrectinib (n = 8) [18] Entrectinib (n = 7) [19]

Colorectal cancer

Age, median (range) 69 (54–84) 59.5 (31–75)†

Male, n (%) 3 (37.5) 6 (50.0)†

Median PFS, months (95% CI) NR 2.4 (1.0, 16.0)

Median OS, months (95% CI) NR 16.0 (2.4, NR)

ORR 37.5% 28.6%

Stable disease 62.5% 0.0%

Larotrectinib (n = 23) [18] Entrectinib (n = 16) [20]

Soft tissue sarcoma

Age, median (range) 41 (26–48) 50.5 (21–81)

Male, n (%) 11 (47.8) 8 (50.0)

Median PFS, months (95% CI) NR 10.1 (6.5, 11.2)

Median OS, months (95% CI) NR 16.8 (10.6, 20.9)

ORR 52.2% 56.3%

Stable disease 26.1% 25.0%

Larotrectinib (n = 14) [18] Entrectinib (n = 16) [21]

Brain metastasis at baseline

Median PFS, months (95% CI) NR 6.7 (4.7, NR)

Median OS, months (95% CI) NR 14.3 (7.6, NR)

ORR 85.7% 50.0%

Stable disease 7.1% NA

†Based on gastrointestinal carcinomas (n = 12) as colorectal cancer-specific characteristics not presented.
NA: Not available; NR: Not reached; ORR: Overall response rate; OS: Overall survival; PFS: Progression-free survival.

Table 2. Utility values used in models.
Progression-free/stable disease Progressive disease Ref.

Colorectal cancer, base case (95% CI) 0.82 (0.78, 0.86) 0.64 (0.55, 0.75) [23]

Larotrectinib on-treatment utility 0.83

Entrectinib on-treatment utility 0.83

Soft tissue sarcoma, base case (95% CI) 0.43 (0.39, 0.47) 0.30 (0.26, 0.34) [24]

Larotrectinib on-treatment utility 0.50

Entrectinib on-treatment utility 0.50

the best response. The distribution of tumor histology was 7 for NSCLC, 4 for thyroid, 2 for melanoma and 1 for
breast [19].

Entrectinib data sources
Model inputs for entrectinib were informed by published literature and scientific conference proceedings. In the
CRC model, an updated, integrated analysis of three phase I and II clinical trials had 7 patients with a 28.6% ORR
consisting of 2 patients with a partial response and no patients with stable disease as the best response (Table 1) [20].
Model inputs for the STS model were also from an updated integrated analysis of 16 patients with a 56.3% ORR
consisting of 9 patients with a partial response and 4 (25.0%) with stable disease as the best response [21]. In the
model for patients with baseline brain metastases, 6.7 months was used for median PFS and 14.3 months was used
for median OS from a subgroup of 16 patients [23]. The distribution of tumor histology was eight for NSCLC,
four for thyroid, two for sarcoma and one for breast. The ORR in this subgroup was 50.0%, with four patients
(25.0%) having either a complete or partial response and one patient (6.3%) with stable disease as the best response.

Health state utility values for estimation of QALYs
Health state utility values were obtained from the literature for CRC and STS (Table 2). In the CRC model,
the utilities were from a cross-sectional study that assessed 508 Finnish CRC patients using the EQ-5D and the
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Table 3. Base case results.
Larotrectinib Entrectinib

Colorectal cancer

Life years, mean (95% CrI)

Progression free 1.16 (0.50, 2.28) 0.35 (0.14, 0.64)

Postprogression 0.95 (0.00, 4.03) 0.18 (0.00, 1.25)

Total 2.11 (0.84, 5.10) 0.53 (0.17, 1.60)

QALYs, mean (95% CrI)

Progression free 0.97 (0.41, 1.90) 0.29 (0.12, 0.53)

Postprogression 0.61 (0.00, 2.52) 0.11 (0.00, 0.82)

Total 1.58 (0.66, 3.47) 0.41 (0.14, 1.10)

Soft tissue sarcoma

Life years, mean (95% CrI)

Progression free 2.08 (1.22, 3.41) 0.66 (0.37, 1.12)

Postprogression 4.99 (1.00, 10.30) 0.60 (0.00, 1.81)

Total 7.07 (3.31, 12.34) 1.26 (0.64, 2.44)

QALYs, mean (95% CrI)

Progression free 1.03 (0.61, 1.72) 0.33 (0.18, 0.56)

Postprogression 1.50 (0.31, 3.16) 0.18 (0.00, 0.54)

Total 2.53 (1.40, 4.21) 0.51 (0.30, 0.88)

Brain metastasis at baseline

Life years

Progression free 1.91 0.80

Postprogression 0.85 0.86

Total 2.76 1.66

CrI: Credible interval; QALY: Quality-adjusted life year.

values were 0.82 for progression-free and 0.64 for progressive disease [24]. For the STS model, utilities were used
from a study that assessed 207 members of the general public in the UK using the time trade-off method [25]. A
utility of 0.43 was used for progression-free and 0.30 for progressive disease. Across both CRC and STS models,
on-treatment utilities were calculated as a weighted average of the utility for those in progression-free, with and
without responsive disease based on the response rate for each treatment. For the model with patients who had
brain metastases prior to TRK inhibitor treatment, given the differences in primary tumor distributions for both
larotrectinib and entrectinib, QALYs were not estimated in this model.

Results
In the base case CRC model, treatment with larotrectinib resulted in 1.16 LYs (95% CrI: 0.50–2.28) and 0.95
LYs (95% CrI: 0.00–4.03) in the progression-free and postprogression states, respectively (Figure 1A & Table 3).
This led to a gain of 0.81 LYs and 0.77 LYs in the progression-free and postprogression states, respectively,
compared with entrectinib. Larotrectinib use had a lifetime addition of 1.58 total LYs and 1.17 total QALYs
compared with entrectinib (Table 3). The most influential parameters in the OWSA were survival input estimates
(see Supplementary Material). Using just the median PFS and OS point estimates for entrectinib resulted in an
incremental gain of 0.26 LYs and 0.34 QALYs for larotrectinib (see Supplementary Material).

For the base case STS model, estimated pre- and postprogression survival for patients treated with larotrectinib
was 2.08 LYs (95% CrI: 1.22–3.41) and 4.99 (95% CrI: 1.00–10.30), respectively (Figure 1B & Table 3). These
resulted in 1.42 and 4.39 LYs gained in the progression-free and postprogression states, respectively, compared
with entrectinib. Compared with entrectinib, 2.02 QALYs were gained for larotrectinib. Survival inputs were the
most influential parameters from the OWSA (see Supplementary Material). In the sensitivity analysis using median
PFS and OS point estimates for entrectinib, there was a gain of 5.14 LYs and 1.71 QALYs for larotrectinib. In the
model that assessed patients with baseline brain metastases, estimated PFS for patients treated with larotrectinib
was 1.91 LYs compared with 0.80 LYs for entrectinib (Table 3). Total LYs for larotrectinib patients was 2.76 LYs
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Figure 1. Parametric extrapolations of progression-free and overall survival. (A) Colorectal cancer. (B) Soft tissue
sarcoma. (C) Brain metastasis at baseline.
OS: Overall survival; PFS: Progression-free survival.
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compared with 1.66 LYs for entrectinib. These estimates yielded an incremental gain of 1.11 LYs for larotrectinib
versus entrectinib.

Discussion
Given that the clinical trial programs for larotrectinib and entrectinib were single-armed studies that were unable
to directly assess comparative and long-term outcomes, we projected lifetime PFS, OS and QALYs for larotrectinib
and entrectinib in advanced CRC, STS and patients with baseline brain metastases to estimate the comparative
effectiveness between the two treatments. Our intent was to provide an initial assessment of comparative health
benefits while patient data matures or other study designs become feasible. Best practices were used in fitting the
parametric models to available data, assessing statistical tests, visual fit and considering clinical plausibility [26].
The results, though limited by the nature of the comparisons and the small sample sizes, demonstrated consistently
improved health outcomes for patients receiving larotrectinib versus entrectinib, although the magnitude of benefit
varied across tumor types.

Currently, these two treatment options are often used after standard first-line or later treatments have failed. In
these patients, there is a strong rationale for the use of larotrectinib or entrectinib, as NTRK gene fusions are believed
to be the primary oncogenic driver of their cancers [27]. NTRK gene fusions are rare, but with increasing awareness in
the clinical community and scientific societies publishing newer guidelines including recommendations for testing
NTRK genomic alterations, more patients with metastatic cancers will likely discover that they are eligible to be
treated with larotrectinib or entrectinib [28,29].

While treatment with larotrectinib or entrectinib might offer substantial health benefits to certain patients,
selection between the two treatments will be necessary. This is evidenced by the explicit recommendation that only
one TRK inhibitor be used for eligible patients with NTRK 1/2/3 gene-fusion positive NSCLC in the NCCN
Guidelines R© [14]. Patients with NSCLC accounted for the majority of tumor types in the brain metastases model.
In addition to guideline recommendations, there is a mechanistic rationale for carefully selecting between the two
available TRK inhibitors in that acquired resistance in some patients has been reported [30,31]. In the modeling
results, treatment with larotrectinib resulted in different magnitudes of health gains compared with entrectinib but
consistently performed better across CRC, STS and in patients with baseline brain metastases. This suggests that
if patients only have one chance to use a TRK inhibitor, larotrectinib may be the appropriate option to maximize
health gains.

The appropriate selection of therapy is particularly relevant when choosing between the treatment options in
patients with brain metastasis. Given the harmful effects on survival and quality of life from brain metastasis,
more effective systemic treatment options are sorely needed [32]. Having demonstrated CNS activity, larotrectinib
and entrectinib provide additional viable treatment options for patients with baseline brain metastases. While
the samples were small and baseline characteristics were not adjusted, the distribution of the primary tumor
histologies in both treatment groups with baseline brain metastases were similar, supporting the comparison. The
direct comparison of the two treatment options showed patients on larotrectinib gaining an additional year of OS
compared with entrectinib in this group. Improvements in patients with brain metastases are continuously being
made using systemic therapies, and these results signal that larotrectinib may provide substantial benefit for eligible
patients.

The only other published study comparing larotrectinib and entrectinib used similar modeling methods to assess
the long-term comparative effectiveness in NSCLC patients for larotrectinib and entrectinib [15]. This study found
a gain of 4.77 LYs and 3.36 QALYs for larotrectinib in the base case, and even a favorable scenario analysis for
entrectinib found 2.38 LYs and 2.03 QALYs gained for larotrectinib. Similar to the current study, however, the
NSCLC model was also limited to a naive, cross-trial comparison of small samples. Further evidence to support
the use of larotrectinib is limited to case reports given the novelty of larotrectinib and the rarity of NTRK gene
fusions [33,34].

Limitations
There are several limitations to this study. As the clinical trials for larotrectinib and entrectinib were single-armed
studies, our study was a naive, direct (cross-trial) comparison of survival for the two treatments. Patients’ baseline and
clinical characteristics were not randomized, matched or adjusted for, which could have impacted the results. The
median age when simulated patients entered into the models between larotrectinib and entrectinib varied slightly,
which may have contributed to the projected improved survival with larotrectinib. However, given that PFS and
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OS were short across the models, this difference in starting median age likely did not have a significant impact.
Furthermore, sample sizes across all three models were small. Consequently, there is considerable uncertainty about
how the model results will translate to clinical practice outside of phase I and II trials. We attempted to characterize
the uncertainty as much as possible by running OWSA, PSA and sensitivity analyses for entrectinib. Additionally,
we did not evaluate comparative safety differences between the two TRK inhibitors. Due to these limitations, the
results should be considered a first-stage comparison and be interpreted with appropriate caution.

Conclusion
Based on this modeling study that was informed by parametric extrapolations of in-trial survival data, treatment
with larotrectinib led to gains in LYs and QALYs compared with entrectinib in patients with NTRK gene fusion.
Limitations of this study included small samples of patients in each subgroup and a cross-trial comparison. Updated
analysis with larger samples and more mature survival data could help reduce uncertainty in future studies assessing
the comparative effectiveness of larotrectinib and entrectinib.

Summary points

Background
• Larotrectinib and entrectinib are TRK inhibitors that are indicated for multiple tumor types.
• Larotrectinib demonstrated improvements in life expectancy and health utility in patients with TRK

fusion-positive metastatic non-small cell lung cancer compared with entrectinib.
• Larotrectinib also demonstrated improvements in life expectancy and health utility compared with standard of

care in patients with differentiated thyroid cancer, colorectal cancer (CRC) and soft tissue sarcoma (STS).
• No study has evaluated the comparative effectiveness of larotrectinib versus entrectinib in other metastatic

cancers, specifically CRC and STS, and prior brain metastases.
What this study adds
• Larotrectinib clinical trial data and published literature were used to inform simulation modeling of life

expectancy and quality-adjusted life years (QALYs) to assess the comparative effectiveness of larotrectinib against
entrectinib across TRK fusion-positive metastatic CRC, STS and prior brain metastases.

• The modeling results showed larotrectinib is expected to provide additional life-years and QALYs compared with
entrectinib in TRK fusion-positive metastatic CRC, STS and prior brain metastases.

• As the survival data for larotrectinib and entrectinib mature and additional patients are treated, future studies
should reassess the comparative effectiveness.

Impact on clinical practice
• This evidence will help clinicians and decision-makers assess the relative clinical value of larotrectinib and

entrectinib.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/
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