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Simple Summary: Clinical trials for new drugs to treat rare diseases are difficult to evaluate due to
the limited patient population available for recruitment. Growth modulation index (GMI) is a very
useful tool in these instances, as this calculation compares the patient’s outcome on the current drug to
the same patient’s outcome on their most recent prior therapy, using the patient as their own control.
GMI is the ratio of progression-free survival on the current therapy to time to progression on the last
prior line of therapy and offers a method to determine if the investigational drug provides a benefit
compared to the patient’s last prior treatment. Using a GMI ≥ 1.33 as the threshold of meaningful
clinical activity, we found that larotrectinib, a tropomyosin receptor kinase (TRK) inhibitor approved
to treat patients with TRK fusion cancer, improves progression-free survival for most patients with
TRK fusion cancer compared with prior therapy.
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Abstract: Randomized controlled basket trials investigating drugs targeting a rare molecular
alteration are challenging. Using patients as their own control overcomes some of these challenges.
Growth modulation index (GMI) is the ratio of progression-free survival (PFS) on the current therapy
to time to progression (TTP) on the last prior line of therapy; GMI ≥ 1.33 is considered a threshold of
meaningful clinical activity. In a retrospective, exploratory analysis among patients with advanced
tropomyosin receptor kinase (TRK) fusion cancer treated with the selective TRK inhibitor larotrectinib
who received ≥1 prior line of therapy for locally advanced/metastatic disease, we determined the
proportion of patients with GMI≥ 1.33; patients who had not progressed by data cut-off were censored
for PFS. Among 72 eligible patients, median GMI was 2.68 (range 0.01–48.75). Forty-seven patients
(65%) had GMI ≥ 1.33; 13/25 patients (52%) with GMI < 1.33 had not yet progressed on larotrectinib.
Kaplan–Meier estimates showed a median GMI of 6.46. The probability of attaining GMI ≥ 1.33 was
0.75 (95% confidence interval (CI), 0.65–0.85). Median TTP on previous treatment was 3.0 months
(95% CI, 2.6–4.4). Median PFS on larotrectinib was not estimable ((NE); 95% CI, NE; hazard ratio,
0.220 (95% CI, 0.146–0.332)). This analysis suggests larotrectinib improves PFS for patients with TRK
fusion cancer compared with prior therapy.

Keywords: growth modulation index; larotrectinib; NTRK gene fusion; tropomyosin receptor kinase;
TRK fusion cancer

1. Introduction

Neurotrophic tyrosine receptor kinase (NTRK) gene fusions are oncogenic drivers in a wide
variety of tumors [1]. Larotrectinib is a specific tropomyosin receptor kinase (TRK) inhibitor that
is approved by the US Food and Drug Administration and European Medicines Agency (EMA)
to treat patients with TRK fusion cancer [2,3]. In three phase I/II clinical trials (adult phase I,
NCT02122913; SCOUT, NCT02637687; NAVIGATE, NCT02576431) evaluating the efficacy and safety
of larotrectinib in patients with TRK fusion cancer, larotrectinib demonstrated tumor-agnostic efficacy
(objective response rate (ORR), 79%) and a favorable safety profile in patients with TRK fusion cancer,
irrespective of age, the NTRK gene, or fusion partner [4,5].

Single-arm studies are common for cancers with rare oncogenic drivers due to the low number
of patients available for recruitment. However, they do not provide comparative data. Studies of
experimental anticancer therapies have traditionally used tumor response outcomes as endpoints,
but measures of tumor progression may be more relevant in the study of novel targeted therapies [6].
While progression-free survival (PFS) is a widely-used measure of tumor growth delay, it can
demonstrate high inter-trial variability due to patient-level prognostic factors even after correction for
these factors [7]. The growth modulation index (GMI) is an innovative measure that can be implemented
in single-arm studies, defined as the ratio of their PFS on the current therapy to the time to progression
(TTP) on the most recent prior line of therapy for individual patients; therefore, patients serve as
their own control. Since TTP typically decreases with each subsequent line of anticancer therapy,
a GMI of >1 would suggest that an investigational therapy is having a positive impact on a tumor’s
natural history. A GMI of ≥1.33 indicates a ≥33% improvement in PFS over the previous line of therapy
and has been proposed as a threshold of meaningful clinical activity [8]. The EMA has endorsed the use
of GMI as an endpoint for truly rare tumors or very narrow indications [9] and several phase II studies
of cytotoxic anticancer treatments have implemented this approach to compare activity with prior
treatment [10–15]. Despite the original proposal of incorporating GMI analysis into the evaluation of
cytostatic therapies, this analysis has been used to enable comparison between multiple therapeutic
regimens for a given individual.

Here, we use GMI to evaluate the intra-patient impact of larotrectinib compared with previous
systemic therapies in patients with TRK fusion cancer.



Cancers 2020, 12, 3246 3 of 10

2. Results

At the time of data cut-off, 72 patients were eligible for analysis, including 53 patients (74%) with
metastatic disease. In the overall dataset of 72 patients, 36 patients (50%) were male. There were 21
pediatric patients (29%) aged < 18 years; 10 (14%) were <5 years old. Overall, 63 patients (88%) had an
Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1. Twelve tumor types were
included in the analysis, with soft tissue sarcoma (n = 26 (36%)) and salivary gland (n = 9 (13%)) being
the most common. Forty-six patients (64%) had received ≥2 prior therapies. TRK fusions involved
NTRK1 (49%), NTRK2 (3%), and NTRK3 (49%). Of the 53 patients with metastatic disease, 22 (42%)
were male and 11 (21%) were pediatric with one patient (2%) < 5 years old. The two most common
tumor types in patients with metastatic disease were soft tissue sarcoma (n = 15; 29%) and lung cancer
(n = 7; 13%). The other baseline characteristics were well balanced with those of the overall analysis set
(Table 1).

Table 1. Patient baseline characteristics.

Characteristic All Patients n = 72 Patients with Metastatic Disease n = 53

Sex, n (%)
Male 36 (50) 22 (42)

Female 36 (50) 31 (58)
Age, years, n (%)

<5 10 (14) 1 (2)
5 to <18 11 (15) 10 (19)
≥18 51 (71) 42 (79)

ECOG performance status, n (%)
0 35 (49) 22 (42)
1 28 (39) 23 (43)
2 9 (13) 8 (15)

Disease setting, n (%)
Locally advanced 19 (26) 0

Metastatic 53 (74) 53 (100)
Tumor type, n (%)

STS: Infantile fibrosarcoma 10 (14) 3 (6)
STS: Other 16 (22) 12 (23)

Salivary gland 9 (13) 4 (8)
Lung cancer 7 (10) 7 (13)
Melanoma 7 (10) 5 (9)

Thyroid cancer 7 (10) 6 (11)
Colon cancer 6 (8) 6 (11)

Gastrointestinal stromal tumor 4 (6) 4 (8)
Cholangiocarcinoma 2 (3) 2 (4)

Appendix cancer 1 (1) 1 (2)
Bone sarcoma 1 (1) 1 (2)
Breast cancer 1 (1) 1 (2)

Pancreatic cancer 1 (1) 1 (2)
Prior lines of treatment for

advanced disease, n (%)
0 0 0
1 26 (36) 13 (25)
2 20 (28) 16 (30)
≥3 26 (36) 24 (45)

NTRKgene fusion, n (%)
NTRK1 35 (49) 29 (55)
NTRK2 2 (3) 2 (4)
NTRK3 35 (49) 22 (42)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; NTRK, neurotrophic tyrosine receptor kinase;
STS, soft tissue sarcoma.
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For all patients (n = 72), median TTP on the previous line of treatment was 3.0 months (95% CI,
2.6–4.4) and median PFS on larotrectinib was not estimable (NE) (95% CI, NE; hazard ratio (HR),
0.220 (95% CI, 0.146–0.332); Figure 1A). The confidence interval reflects the clustering within matched
pairs (TTP and PFS) by using a robust variance estimator [16]. A total of 45 patients were censored
for PFS. Among patients with metastatic disease (n = 53), median TTP on the prior line of treatment
was 4.4 months (95% CI, 2.8–6.1) and median PFS on larotrectinib was 19.3 months (95% CI, 10.9–NE;
HR, 0.228 (95% CI, 0.146–0.357); Figure 1B).
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Figure 1. Kaplan–Meier plot of progression-free survival on larotrectinib (per IRC) and time to
progression on the previous line of therapy (per investigator assessment) for (A) the overall dataset
(locally advanced or metastatic disease (n = 72)) and (B) patients with metastatic disease (n = 53). For TTP,
one patient was censored at 122 months and one patient had progressed at 151 months. Abbreviations:
IRC, independent review committee; PFS, progression-free survival; TTP, time to progression.

In the overall dataset and utilizing individual patient PFS on larotrectinib and prior TTP
on last therapy, the arithmetic median GMI was 2.68 (range 0.01–48.75). In total, 47 patients
(65%) had a GMI of ≥1.33, 42 patients (58%) had a GMI of ≥2, and 19 patients (26%) had a
GMI of ≥5. There were 25 patients (35%) with a GMI of <1.33, and of these, 13 (52%) had not
progressed on larotrectinib at the time of analysis, thus potentially overestimating the proportion
of patients with a GMI of <1.33. Therefore, in an exploratory analysis, we used a non-parametric
method with ranking of the paired PFS/TTP times, in which censored PFS times were handled by a
mid-rank computation [7]. This estimated the probability of attaining a GMI of ≥1.33 for all patients,
including PFS-censored patients, to be 0.75 (95% CI, 0.65–0.85). A GMI waterfall plot demonstrated that
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patients across various tumor types met the GMI threshold of ≥1.33 (Figure 2A). In a parallel analysis,
the Kaplan–Meier estimate indicated that the median GMI was 6.46 (95% CI, 4.67–NE; Figure 2B).Cancers 2020, 12, x 5 of 10 
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Figure 2. (A) Waterfall plot of individual patient growth modulation indices for the overall cohort
(locally advanced or metastatic disease (n = 72)) by tumor type; (B) Kaplan–Meier estimate of
median GMI. GMI was defined as the ratio of progression-free survival on larotrectinib (independent
review committee assessment) to the time to progression (investigator assessment) on the most recent
prior line of therapy. * Patient had not progressed at the time of data cut-off. Abbreviations:
CI, confidence interval; GIST, gastrointestinal stromal tumor; GMI, growth modulation index;
NE, not estimable.

Among patients with metastatic disease (n = 53), arithmetic median GMI was 2.87 (range
0.01–48.75); 35 patients (66%) had a GMI of ≥1.33, 32 patients (60%) had a GMI of ≥2, and 16 patients
(30%) had a GMI of ≥5. The probability of attaining a GMI of ≥1.33 for these patients was 0.68 (95% CI,
0.55–0.80). GMI in patients with metastatic disease was similar in subgroups divided by age, ECOG
performance status, NTRK gene fusion, and number of prior lines of treatment (Table 2).
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Table 2. Growth modulation index by patient subgroup for patients with metastatic disease (n = 53).

Subgroup GMI, n (% of Each Subgroup)
<1 1–1.33 ≥1.33

Sex
Male (n = 22) 4 (18) 2 (9) 16 (73)

Female (n = 31) 11 (35) 1 (3) 19 (61)
Age group

Adult (≥18 years) (n = 42) 14 (33) 2 (5) 26 (62)
Pediatric (<18 years) (n = 11) 1 (9) 1 (9) 9 (82)

ECOGperformance status
0 (n = 22) 5 (23) 2 (9) 15 (68)
1 (n = 23) 9 (39) 1 (4) 13 (57)
2 (n = 8) 1 (13) 0 7 (88)

NTRKgene
NTRK1 (n = 29) 8 (28) 3 (10) 18 (62)
NTRK2 (n = 2) 1 (50) 0 1 (50)

NTRK3 (n = 22) 6 (27) 0 16 (73)
Lines of prior therapy

1 (n = 13) 2 (15) 0 11 (85)
2 (n = 16) 7 (44) 2 (13) 7 (44)
≥3 (n = 24) 6 (25) 1 (4) 17 (71)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; GMI, growth modulation index; NTRK, neurotrophic
tyrosine receptor kinase.

3. Discussion

Efficient trial designs are particularly important in rare malignancies for which randomized
trials are less feasible. In an intra-patient comparison, individual patients serve as their
own control, thus minimizing differences in non-treatment-related variables and allowing comparison
of two treatments. This method also accounts for the molecular heterogeneity of tumors, particularly
when a tumor-agnostic agent is being evaluated. GMI analysis was originally proposed for use in trials
involving cytostatic agents and a number of phase II studies of cytotoxic anticancer treatments have
implemented this approach using a GMI of ≥1.33 as a threshold for meaningful clinical activity [11–15].
We believe that GMI may be more broadly applied in studies investigating targeted therapies in
molecular niches for rare malignancies.

The arithmetic median GMI in our analysis was 2.68, more than double the 1.33 threshold
suggested in the literature to consider a drug as efficacious. Moreover, nearly two-thirds of patients
had a GMI of ≥1.33 and more than one-quarter had a GMI of ≥5. These proportions may be an
underestimation since >60% of patients had not progressed on larotrectinib, meaning that their PFS
will increase with longer follow-up. Since these patients were not censored from the GMI analysis,
we performed a non-parametric analysis adjusting for censoring, which showed a 0.75 probability of a
GMI of ≥1.33 for the overall dataset. Using the Kaplan–Meier product-limit estimator, the median GMI
of 6.46 is more than two times higher than the arithmetic median. Furthermore, we compared TTP
on prior treatment and PFS on larotrectinib using a Kaplan–Meier analysis that censored the patients
who had not progressed on larotrectinib by the data cut-off. These results demonstrated substantially
longer PFS (HR, 0.220) on larotrectinib compared with TTP on the prior line of therapy, confirming the
results of the GMI analysis.

One limitation of this analysis is that patients had to have received at least one prior therapy to
be included in the GMI analysis; therefore, it is possible that the patients with the poorest prognoses
(including those who had died on prior treatment) were excluded. Since PFS on larotrectinib includes
the time from larotrectinib initiation to death from any cause, it could potentially underestimate GMI
by underrepresenting all the patients that would benefit from treatment.

Another limitation of this analysis is that TTP on the most recent prior therapy was based on
retrospective data collected during routine clinical care while PFS on larotrectinib was calculated from



Cancers 2020, 12, 3246 7 of 10

prospective clinical trial data. In addition, not all patients progressed on prior therapy; some patients
experienced treatment failure (i.e., adverse event or lack of clinical benefit) and were enrolled into
a larotrectinib trial due to physician decision. The retrospective TTP assessments may have been
performed on different schedules (leading to potential time-assessment bias) and/or with different
modalities than the standardized imaging conducted in a clinical trial. Furthermore, the date of
progression on the most recent prior therapy was not known for many of the patients, so the date of
progression was either the next nearest month and year of the last day of prior therapy or the start
of larotrectinib. Regardless, either method would lead to an overestimate of the TTP, since the patients
entered the larotrectinib trials due to progression (or failure) on prior therapy and that event would
have occurred prior to the start of larotrectinib. This overestimation of the TTP would therefore result
in a conservative estimate of the GMI. It should be noted that GMI has been debated since it requires
strong correlation between TTP and PFS. This is based on the premise that patients who have relatively
short (or long) TTP on a previous treatment are expected to have relatively short (or long) PFS on a
subsequent treatment. A proposed study design using sequentially measured paired TTP/PFS data as
a statistical framework to demonstrate that a strong positive correlation within an individual would
require a smaller sample size and may be highly efficient [6]. However, the marked improvement
in GMI seen with larotrectinib, especially as the majority of patients were free of progression at the
data cut-off, together with the high ORR and long durability of disease control previously reported [4],
is very promising. Larotrectinib has demonstrated clinically meaningful, tumor-agnostic efficacy and a
favorable safety profile irrespective of age, NTRK gene, or fusion partner, showing great potential as a
targeted therapy [4,5]. Another limit of the GMI assessment is the potential heterogeneity of a tumor
over time that may result in variable tumor cell growth dynamics. Finally, as this was a single-arm
analysis without a comparative control arm, it is possible confounding of time may have occurred.

Notably, the proportion of patients with a GMI of ≥1.33 in our analysis remains far higher than
that reported in the MOSCATO 01 trial (NCT01566019), one of the largest precision medicine studies
to use high-throughput molecular analysis to guide targeted therapy for patients with advanced
solid tumors. In that study, GMI was >1.3 in 33% of the patients treated with a drug matched to their
tumor’s molecular profile [17].

In order to explore which patients could derive more benefit from TRK inhibition, we also assessed
the GMI in subgroups. The proportion of patients with a GMI of ≥1.33 did not differ according
to age, performance status, or number of prior lines of therapy, although it should be noted that these
subgroups had small numbers of patients.

4. Materials and Methods

Patients were enrolled in a phase I trial in adults (NCT02122913), a phase I/II trial in
pediatric patients (SCOUT, NCT02637687), or a phase II trial in adults and adolescents (NAVIGATE,
NCT02576431). Full details are described elsewhere [4].

A retrospective, exploratory analysis of GMI was conducted in patients with non-central
nervous system solid primary tumors with an NTRK gene fusion and measurable disease
who had received at least one prior line of systemic treatment for locally advanced or
metastatic disease and had been treated with larotrectinib and followed up for at least
6 months (Figure 3). Tumor types represented in the efficacy analysis were soft tissue
sarcoma (23%), salivary gland (16%) thyroid (15%), infantile fibrosarcoma (15%), lung (9%),
melanoma (6%), colon (5%), gastrointestinal stromal tumor (3%), bone sarcoma (2%), breast (2%),
cholangiocarcinoma (2%), appendix (1%), congenital mesoblastic nephroma (1%), pancreatic (1%),
and cancer of unknown primary (1%).
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Figure 3. Growth modulation index (GMI) analysis set.

GMI was defined as the ratio of PFS on larotrectinib to TTP on the most recent prior line of therapy
on which the patient had just progressed [8]. PFS was defined as the time from larotrectinib initiation to
radiological progression (Response Evaluation Criteria in Solid Tumors (RECIST) v1.1 per independent
review committee (IRC)), clinical progression, or death from any cause. Censoring rules were applied
for PFS as described in the statistical analysis plan. TTP was defined as the time from the start of the
last prior treatment to radiological progression (RECIST v1.1), treatment failure, or clinical progression.
A subset of patients did not progress on prior therapy but had been deemed to have failed prior therapy
due to a stable disease, an adverse event, or a patient and/or physician decision. Of the 72 patients
involved in the study, 24 patients had failed on prior therapy. For the purposes of these analyses,
treatment failure events were treated as treatment progression events. For purposes of TTP calculation,
incomplete or missing dates of progression on last prior treatment were imputed conservatively to
the next nearest month (for missing days), year of end of prior treatment (for missing months), or the
start of larotrectinib treatment (for missing dates). Waterfall plots were used to illustrate the GMI
of individual patients. The Kaplan–Meier method was used to estimate GMI as well as the PFS and
TTP curves. For the PFS Kaplan–Meier curve, patients who had not progressed by the data cut-off

were censored. Subgroup analyses were performed according to age, sex, ECOG performance status,
tumor type, and lines of prior therapy. Statistical analyses were performed using SAS® version 9.2
(SAS Institute Inc., Cary, NC, USA). The date of data cut-off was July 30, 2018.

All studies were done in accordance with the standard of good clinical practice, the principles
expressed in the Declaration of Helsinki, and all applicable country and local regulations. Protocols were
approved by an institutional review board or independent ethics committee at each investigative site.
All patients (or parents or guardians of minor patients) provided written informed consent before the
initiation of any study-related procedures.

5. Conclusions

The use of growth modulation indices in the assessment of investigational therapies for rare
malignancies allows for the generation of comparative data by using patients as their own control, when
the low number of patients available for recruitment often limits trial designs to single-arm studies.
Moreover, GMI involves measures of tumor progression, which may be more relevant as endpoints
than tumor response outcomes in the study of novel targeted therapies. This intra-patient comparative
analysis suggests that TRK-specific inhibition with larotrectinib improves PFS in patients with TRK
fusion cancer compared with prior therapies.
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