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Abstract

BACKGROUND—Desmoid tumors (also referred to as aggressive fibromatosis) are connective
tissue neoplasms that can arise in any anatomical location and infiltrate the mesentery,
neurovascular structures, and visceral organs. There is no standard of care.

METHODS—In this double-blind, phase 3 trial, we randomly assigned 87 patients with
progressive, symptomatic, or recurrent desmoid tumors to receive either sorafenib (400-mg tablet
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once daily) or matching placebo. Crossover to the sorafenib group was permitted for patients in
the placebo group who had disease progression. The primary end point was investigator-assessed
progression-free survival; rates of objective response and adverse events were also evaluated.

RESULTS—With a median follow-up of 27.2 months, the 2-year progression-free survival rate
was 81% (95% confidence interval [Cl], 69 to 96) in the sorafenib group and 36% (95% ClI, 22 to
57) in the placebo group (hazard ratio for progression or death, 0.13; 95% ClI, 0.05 to 0.31;
P<0.001). Before crossover, the objective response rate was 33% (95% Cl, 20 to 48) in the
sorafenib group and 20% (95% ClI, 8 to 38) in the placebo group. The median time to an objective
response among patients who had a response was 9.6 months (interquartile range, 6.6 to 16.7) in
the sorafenib group and 13.3 months (interquartile range, 11.2 to 31.1) in the placebo group. The
objective responses are ongoing. Among patients who received sorafenib, the most frequently
reported adverse events were grade 1 or 2 events of rash (73%), fatigue (67%), hypertension
(55%), and diarrhea (51%).

CONCLUSIONS—Among patients with progressive, refractory, or symptomatic desmoid
tumors, sorafenib significantly prolonged progression-free survival and induced durable responses.
(Funded by the National Cancer Institute and others; ClinicalTrials.gov number, NCT02066181.)

Desmoid tumors (also called aggressive fibromatosis) are rare, locally aggressive neoplasms
that arise from connective tissues.! The annual incidence of the condition is estimated to be
1000 patients in the United States, and the prevalence may be higher. Desmoid tumors
typically affect young adults in their 20s and 30s, but they can occur in children,
adolescents, and older adults. Most desmoid tumors are sporadic (>90%) and harbor
CTNBBI mutations; a minority of tumors are associated with germline APC mutations and
Gardner’s syndrome.24 Common primary sites affected by these tumors include the
abdominal wall, mesentery, and neurovascular bundle of the extremities. Desmoid tumors do
not metastasize and pose a low risk of death (except in Gardner’s syndrome), but they confer
substantial complications. Patients may be asymptomatic or may present with severe pain,
swelling, deformity, loss of range of motion, bowel obstruction or perforation, or
compromise of vital organs.® Additional associated complications in young adults include
long-term opioid use, social isolation, insomnia, anxiety, depression, and interruption of
education and employment.®

Although a number of agents have activity against desmoid tumors, no accepted standard of
care exists for systemic treatment of the tumors.” Beyond a few prospective trials, most
relevant clinical data have been derived from case series and retrospective analyses.
Interpretation of the data is challenging, given the unpredictable natural history of the
condition. Desmoid tumors can show rapid growth followed by periods of stabilization,
spontaneous regression, or subsequent growth phases.? Spontaneous regression is reported in
up to 20% of patients.8 An up-front watch-and-wait strategy is increasingly advocated for
many patients."11 Surgery has been the standard of care for primary treatment, but the risk
of local recurrence remains unacceptably high (>40%). Local (radiation therapy) or systemic
treatments are usually indicated in patients who have disease-related symptoms or
progressive disease. Systemic treatment options include hormonal blockade, cytotoxic
chemotherapy, and tyrosine kinase inhibitors; the response rates associated with these
treatments vary (0 to 40%).12-19 For example, in small prospective studies, imatinib has been
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found to have limited activity (6 to 11%), and no predictive biomarkers of benefit were
found.20

In a retrospective analysis, sorafenib, an oral multitargeted receptor tyrosine kinase inhibitor,
at a starting dose of 400 mg once daily was shown to have acceptable safety and was
associated with a response rate of 25%, as evaluated with Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1, as well as with improvements in quality of life.2! The
retrospective study also highlighted that RECIST may underestimate efficacy and that a
better criterion may be magnetic resonance imaging (MRI) T,-weighted signal intensity, an
imaging biomarker that signifies a biologic transformation from a cellular tumor to a
collagenous scar.22 This hypothesis prompted us to conduct a randomized, double-blind,
placebo-controlled, phase 3 trial to evaluate the safety and efficacy of sorafenib in the
treatment of desmoid tumors.

METHODS

PATIENTS

We enrolled patients 18 years of age or older with a histologically documented desmoid
tumor (aggressive fibromatosis) if they had measurable disease and radiographic progression
(of 210%) in maximum unidimensional measurement within the previous 6 months,
recurrent or primary disease that was deemed inoperable or as requiring extensive surgery, or
symptomatic disease. An additional entry criterion was an absence of previous sorafenib
exposure; no minimum or maximum number of previous systemic treatments was stipulated.
The complete entry and crossover eligibility criteria, including baseline laboratory values,
are provided in the protocol, available with the full text of this article at NEJM.org.

TRIAL OVERSIGHT

The trial was conducted in accordance with the Declaration of Helsinki, Good Clinical
Practice guidelines, and federal and local policy on bioethics and human biologic specimens.
Each participating institution obtained approval from a local or central institutional review
board. All the patients signed informed consent forms in accordance with federal and
institutional guidelines. The trial was designed by the first author and monitored by the
Alliance Data and Safety Monitoring Board for the evaluation of safety and the primary end
point.

This trial was funded by the National Cancer Institute and was conducted by the Alliance
Clinical Trials in Oncology Group and the National Clinical Trials Network (Table S1 in the
Supplementary Appendix, available at NEJM.org). Sorafenib was provided by the National
Cancer Institute through a research collaboration with Bayer Pharmaceuticals.

All the data were collected, subjected to quality-assurance measures, and analyzed by the
Alliance Statistics and Data Center. Archival tumor tissue for central pathological review,
biopsy specimens (optional), and MRI scans were de-identified with regard to patient health
information and, after completion of quality-assurance measures, were sent for central
pathological review and correlative studies. The authors attest to the accuracy and
completeness of the data and for the adherence of the trial to the protocol. The first draft of
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the manuscript was written by the principal investigators (the first and second authors); all
the authors reviewed the manuscript. No one who is not an author contributed to the writing
of the manuscript.

TRIAL DESIGN AND TREATMENT

In this investigator-initiated, double-blind, placebo-controlled, phase 3 trial, patients were
randomly assigned (in a 2:1 ratio) to receive either sorafenib (at a starting dose of 400 mg
once daily) or placebo. Desmoid tumors were imaged by means of computed tomography
(CT) or MRI at baseline and every 8 weeks. Efficacy was assessed at local institutions with
the use of RECIST, version 1.1.23 Administration of sorafenib or placebo continued until
disease progression, unacceptable side effects, or withdrawal of consent. At disease
progression, the patients were told whether they had been receiving sorafenib or placebo,
and those who had been receiving placebo were eligible to cross over to the sorafenib group
if they still met the trial entry criteria. Dose interruptions (of up to 28 days) and one dose
reduction (to 200 mg once daily) were permitted and described in the trial protocol.

END POINTS AND ASSESSMENTS

The primary end point was progression-free survival, as determined by the treating
physicians in accordance with RECIST, version 1.1. This end point was defined as the time
from randomization to progressive disease (radiographic, clinical, or both) or death, and data
were censored at the most recent disease assessment. A modification of the traditional
intention-to-treat principle was used for the analysis of the primary end point, in which
patients with an incorrect histologic diagnosis were excluded. The secondary end points
were toxic effects, the rate of radiographic response, and overall survival. Ineligible patients
who received a trial agent were included in the assessment of toxic effects, in which the
Common Terminology Criteria for Adverse Events (CTCAE), version 4.03, were used.

At enrollment, patients were given the option of consenting to undergo tumor biopsies and
surveys with patient-reported outcome questionnaires at baseline and while taking the trial
regimen. Exploratory end points included assessment of pain with the use of the Brief Pain
Inventory and assessment of 11 side effects with the patient-reported outcomes version of
the CTCAE (PRO-CTCAE, version 1.0) before crossover. Exploratory imaging end points
included a comparison of RECIST measurements with total tumor volume and MRI T»-
weighted signal intensity in patients.

STATISTICAL ANALYSIS

We calculated that a sample of 75 patients, each with 12 months of follow-up, would provide
90% power at a one-sided significance level of 0.025 (with the use of a stratified log-rank
test) to detect a median progression-free survival that was 9 months longer with sorafenib
than with placebo (with an expected median progression-free survival of 6 months among
patients receiving placebo) and a hazard ratio of 0.4 for progression or death in the sorefenib
group relative to the placebo group. Enrollment was estimated at 4 patients per month, for an
anticipated duration of 21 months to complete enrollment. The final analysis was to occur at
the time that 52 patients had had disease progression or had died. Sorafenib was to be
declared as superior with regard to progression-free survival if the onesided P value
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associated with the stratified log-rank test statistic was less than 0.025. A preplanned,
nonbinding futility analysis was performed when 24 (45%) of the 52 required events had
been observed.

Kaplan—Meier methods and Cox proportionalhazards modeling were used to estimate the
distributions of time-to-event variables and hazard ratios (including confidence intervals),
respectively, accounting for stratification factors.2425> Summary statistics, frequency tables,
and parametric and nonparametric statistical tests were used, as applicable. The maximum
PRO-CTCAE score for each item during the intervention with accounting for baseline PRO-
CTCAE score was tabulated for each trial group, and the difference between the groups in
the proportion of patients with a score of at least 1 and, separately, with a score of at least 3
was computed with exact 95% confidence intervals.26 All P values and confidence intervals
are two-sided and unadjusted for multiplicity. All the observed data were included in the
analysis without imputation for missing data. All the analyses were performed with the use
of SAS software, version 9.4 (SAS Institute). The data-lock date was January 31, 2018.

PATIENTS, ENROLLMENT, AND TREATMENT

EFFICACY

From March 21, 2014, to January 6, 2016, a total of 87 patients were enrolled across 24
sites; 50 patients were randomly assigned to the sorafenib group and 37 to the placebo group
(Fig. 1). A systems computer algorithm error was detected after 70 patients (38 in the
sorafenib group and 32 in the placebo group) had been enrolled. The randomization ratio
was approximately 1.6 to 1.7:1 (sorafenib:placebo) instead of the prespecified 2:1 ratio. This
error was shared with the data and safety monitoring board, institutional review boards,
treating physicians, and patients (in October 2015), with correction for the remainder of
enrollment.

The characteristics of the patients at baseline were well balanced between the two trial
groups (Table 1).27 A larger percentage of female than male patients were enrolled (69%),
and the median age of the patients was 37 years (interquartile range, 28 to 50), findings
consistent with the natural history of desmoid tumors; 80% of the patients reported their race
as white. The median dose of sorafenib that was administered across the entire trial was 400
mg daily. Dose interruptions occurred in 65% of the patients in the sorafenib group (32 of
49) and 34% of the patients in the placebo group (12 of 35), and dose reductions due to toxic
effects occurred in 31% (15 of 49) and 11% (4 of 35), respectively. At data cutoff, 19
patients (39%) who had initially been assigned to the sorafenib group continued to take the
drug. At the time of the interim analysis, the data and safety monitoring board also requested
an efficacy analysis, and subsequently the trial was halted and unblinded.

Of the 87 patients who underwent randomization, 84 (97%) were included in the analysis of
primary and secondary end points, with a median follow-up of 27.2 months (interquartile
range, 22.0 to 31.7) among the 83 surviving patients. Although the median progression-free
survival has not yet been reached, the estimates of the progression-free survival rates at 1
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year were 89% (95% confidence interval [CI], 80 to 99) in the sorafenib group and 46%
(95% Cl, 32 to 67) in the placebo group, and the estimates at 2 years were 81% (95% Cl, 69
to 96) and 36% (95% Cl, 22 to 57), respectively. The results for progression-free survival
favored sorafenib, with an 87% lower risk of progression or death in the sorafenib group
than in the placebo group (hazard ratio for disease progression or death, 0.13; 95% CI, 0.05
to 0.31; P<0.001) (Fig. 2). Overall, 33% of the patients in the trial (28 of 84) had disease
progression: 12% of the patients (6 of 49) in the sorafenib group and 63% of the patients (22
of 35) in the placebo group. Clinical deterioration in the absence of radiographic evidence
was the sole indicator of progression in 11 of the 28 patients with progression (39%; 9
patients in the placebo group and 2 in the sorafenib group).

The overall rate of objective response was 33% (95% CI, 20 to 48) in the sorafenib group
(16 patients [1 with a complete response and 15 with partial responses] of 49) and 20%
(95% Cl, 8 to 37) in the placebo group (7 patients [all of whom had a partial response] of
35) (Fig. 3A, and Fig. S1 in the Supplementary Appendix). The mean best percentage
change in the sum of the target lesions (RECIST) was —26% (range, =100 to 7) in the
sorafenib group and -12% (range, —85 to 32) in the placebo group. The median time to a
RECIST-defined response among patients who had a response was 9.6 months (interquartile
range, 6.6 to 16.7) in the sorafenib group and 13.3 months (interquartile range, 11.2 to 31.1)
in the placebo group (Fig. 3B). The earliest RECIST-defined partial response occurred at 2.2
months in sorafenib group and at 8.8 months in the placebo group.

In the exploratory imaging analysis, 498 MRI scans were obtained from 55 patients. We
selected a training set of 11 patients who were treated at a single institution (Memorial Sloan
Kettering Cancer Center), and we analyzed 167 MRI scans for changes in tumor dimension
(according to RECIST) and compared this value with the changes in total tumor volume and
To-weighted signal intensity. As shown in Figure S2 in the Supplementary Appendix,
changes in T,-weighted signal intensity and volumetric measurements may be better
measures of treatment effect than RECIST. This is particularly evident when the best
response according to RECIST is stable disease.

A total of 85 patients (49 in the sorafenib group and 36 in the placebo group) were included
in the assessment of safety with the use of CTCAE, version 4.0. A summary of the most
common adverse events is provided in Table 2. Adverse events led to a significantly higher
rate of discontinuation of the trial regimen in the sorafenib group than in the placebo group
(20% vs. no patients). The most common reason for dose reduction in the sorafenib group
was skin disorders. Grade 3 adverse events that were attributed to the trial regimen by the
investigators occurred in 29% of patients in the sorafenib group and 14% of patients in the
placebo group. Grade 4 events that were associated with sorafenib included
thrombocytopenia (2%) and anemia (2%). One patient in the sorafenib group died from
disease-related bowel perforation. A list of the side effects reported by the patients with the
use of PRO-CTCAE is provided in Table S4 and Figure S3 in the Supplementary Appendix.
The proportions of patients with nausea, diarrhea, rash, and hand—foot syndrome were
higher in the sorafenib group than in the placebo group.
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CROSSOVER

In the placebo group, 27 patients met the eligibility criteria for open-label sorafenib
treatment (20 at disease progression and 7 when the data and safety monitoring board
released results), and 12 patients continue to take sorafenib; however, the data remain
immature. The toxic effects among the patients receiving open-label sorafenib were similar
to those among the patients who were initially randomly assigned to receive sorafenib and
are listed in Table S7 in the Supplementary Appendix.

DISCUSSION

This randomized trial provides data on the efficacy of sorafenib in patients with progressive
or symptomatic desmoid tumors. Other agents that are used to treat these tumors include
anthracyclines (e.g., pegylated liposomal doxorubicin), vinca alkaloids, and pazopanib. On
the basis of the predictable toxic-effects profile and substantial progression-free survival
advantage conferred by sorafenib, the drug has antitumor activity as first-line therapy or as
subsequent therapy for desmoid tumors.

For a locally infiltrative tumor, the prevention of further worsening or compromise of vital
structures is a clinically meaningful end point. In that context, among patients with
progressive, symptomatic, or recurrent desmoid tumors, the rate of progression-free survival
with sorafenib at 1 year was 89%. Patients treated with sorafenib had an 87% lower risk of
disease progression or death than those who received placebo. To balance the efficacy of the
drug against the long-term drug-related toxic effects, we chose a starting dose of sorafenib
(one 400-mg tablet daily) that was lower than the dose used in other types of cancer and
permitted dose interruptions and reductions.> The modest toxicity of sorafenib was
confirmed in both clinicianreported and patient-reported assessments of adverse events.
Consistent with previous literature, the rates of adverse events that were based on clinician
reporting were substantially lower than those that were based on patient reporting.28 Many
of these differences were due to the ability to detect more lower-grade mild-to-moderate side
effects with the use of the patient-reported PRO-CTCAE. Accordingly, we surmised that the
high rate of withdrawal from the trial due to adverse events (20%) suggests that even greater
dose flexibility may be necessary to balance toxicity and benefit.

This trial highlights the importance of randomization in the conduct of clinical trials.
Spontaneous regression was once considered to be anecdotal and rare (occurring in <5% of
patients), but more recent retrospective, nonrandomized studies have shown higher rates of
spontaneous remission.89 Our prospective trial, in which desmoid tumors in patients who
were taking placebo were evaluated, provides evidence in support of an initial period of
observation in patients with newly diagnosed desmoid tumors, given that 20% of the patients
in the placebo group had disease regression. In this trial, late responses were observed in the
sorafenib group, and response rates may increase with further data maturation.

A final important clinical issue to note regards the feasibility and challenges of conducting
clinical trials in very rare cancers. Rare cancers are defined as those with an incidence of
less than 15 cases per 100,000 persons per year. Although individually uncommon, rare
cancers account for 25% of all cancers and are associated with poor survival.2%:30 The main
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challenges in the design and execution of this phase 3 trial were the incidence of the cancer
(0.3 cases per 100,000 persons per year), the lack of consensus on the standard of care, the
lack of predictive biomarkers for the selection of patients, and the lack of validated,
desmoid-specific patient-reported outcome measures. The unreliability of historical data on
treatment and natural history (e.g., the rate of spontaneous regression) was an additional
design challenge. All potential trial designs (e.g., frequentist or Bayesian) should be
considered on the basis of not only their statistical properties but also their feasibility with
regard to late events or logistic support for realtime data entry. The trial conducted was an
international collaboration among U.S. and Canadian National Cancer Institutes, cooperative
research groups, patient advocacy groups, and physician outreach groups, an endeavor that
facilitated the enrollment of 87 patients in 17 months.29:31

A limitation of this trial is that it was not designed to directly compare the primary or
secondary end points with meaningful improvements in pain palliation, functionality, or
quality of life. The use of pain-palliation questionnaires was optional, and limited results
were available. In our exploratory analysis, we were unable to use the Brief Pain Inventory
to discern any difference between the groups (data not shown), contrary to previous reports.
Symptoms that affect patients with desmoid tumors are wide-ranging, and since this trial
was conducted, a prospective, desmoid tumor—specific, patient-reported outcome tool has
been developed for future trials.5 Beyond the traditional end points that are used in clinical
trials, incorporating an evaluation of the patient experience is critical.32

The ability to use RECIST-defined responses to correlate with treatment effect and survival
among patients with solid tumors is debated. Data from our exploratory analysis suggested
that there is anatomical and mathematical discordance among assessments that are based on
unidimensional measurement (RECIST), tumor volume, and T,-weighted signal intensity;
therefore, RECIST — the current regulatory metric — may underestimate treatment effects.
This phenomenon is observed in other sarcomas, such as tenosynovial giant-cell tumors and
gastrointestinal stromal tumors, in which tumor volume and density are better predictors of
treatment effect than RECIST measurements.33:34 Similarly, data have suggested that tumor
volume or MRI Tp-weighted signal intensity — namely, a shift from a cellular mass to a
collagenous scar — may be additional imaging biomarkers that can potentially be used to
assess treatment effects on desmoid tumors.22:35 The appropriate duration of sorafenib
treatment and its cost and benefit relative to those of existing therapies remain unknown.
Finally, the mechanism of action of sorafenib in desmoid tumors3 is not known.
Investigations into changes in gene expression and protein phosphorylation of receptor
tyrosine kinases (e.g., platelet-derived growth factor receptor, fibroblast growth factor
receptor, and transforming growth factor beta receptor) and the Wnt signaling pathway are
ongoing in the 25 sets of paired biopsy specimens we obtained.

In conclusion, in this trial, therapy with sorafenib appeared to be effective in slowing disease
progression in patients with desmoid tumors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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87 Patients underwent randomization

37 Were assigned to receive placebo
30 Consented to provide data on
patient-reported outcomes

50 Were assigned to receive sorafenib
37 Consented to provide data on
patient-reported outcomes

1 Withdrew before initiation
of trial regimen

1 Withdrew before initiation
of trial regimen

36 Received placebo and were included
in safety analysis

49 Received sorafenib and were included
in safety analysis

1 Was found to be ineligible
after starting treatment owing
to incorrect histologic diagnosis

36 Were included in efficacy and safety

49 Were included in primary and secondary

analyses

35 Were included in primary and secondary

outcome analyses

28 Were included in analysis of patient-

reported outcomes

outcome analysis

36 Were included in analysis of patient-

reported outcomes

disease

regimen

unmasked

36 Discontinued placebo
23 Had disease progression
1 Had other, complicating

1 Withdrew after starting ~—

1 Had other reasons
10 Had trial-group assignment

30 Discontinued sorafenib
11 Withdrew after starting
regimen
10 Had adverse events
5 Had disease progression
3 Had other reasons
1 Underwent alternative
therapy

0 Were receiving placebo at data lock

31 Were receiving sorafenib at data lock
19 Were receiving initially assigned regimen
12 Crossed over from placebo

Figure 1.

Randomization and Follow-up among the Patients in the Trial.
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No.of No.of Median Progression-free
Patients Events Survival (95% Cl)

mo
Sorafenib 49 7 NE (NE-NE)
Placebo 35 22 11.3 (5.7-NE)
Hazard ratio for progression or death, 0.13 (95% Cl, 0.05-0.31)
P<0.001

1 Sorafenib

Placebo

Patients without Event (%)
w
o
I

30
204
104
0 T T T T T T T T T T T 1
0 3 6 9 12 15 18 21 24 27 30 33 36
Months
No. at Risk
Sorafenib 49 46 41 36 32 29 23 22 17 14 8 4 3
Placebo 35 28 20 18 15 12 11 10 7 3 3 2 2

Figure 2. Kaplan—Meier Estimates of the Duration of Progression-free Survival at the Time of

the Last Assessment.

Response Evaluation Criteria in Solid Tumors (RECIST), version 1.1, were used by the

investigators to identify disease progression. Data from patients who did not have

progression or who had died were censored and marked by a tick. NE denotes not estimable.
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A Changes from Baseline in Tumor Size
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Figure 3. Tumor Responses and Clinical Outcomes.
Panel A shows waterfall plots of percentage changes from baseline in tumor size as assessed

by investigators according to RECIST, version 1.1. Each bar represents one patient.
Horizontal dashed lines indicate the changes in tumor size that would represent a partial
response (30% decrease) or progressive disease (20% increase). One patient in the sorafenib
group had a complete response, defined as total disappearance of tumor. Panel B shows
swimmer plots of the duration of response and clinical outcomes among patients during the
trial. “Progression nonmeasure” denotes clinical progression without radiographic
progression (20% growth). One patient in the sorafenib group died from disease-related
intestinal perforation. Duration of response was calculated as the time between the first
objective response and disease progression; data from patients with ongoing responses were
censored at the most recent disease assessment. Time to response during the time of the
blinded trial intervention was calculated from the start of the intervention to the date of the
first objective response or to the most recent disease assessment (for patients without a
response). Time to progression was the time to disease progression or to the most recent
assessment if the patient did not have disease progression.

N Engl J Med. Author manuscript; available in PMC 2019 June 20.



Page 16

Gounder et al.

Uy J2IUaY el pue Sansnels souel||y ayr Aq payuswajdwi pue padojaasp wyiLiobe uonedo||e J1weuAp e uo paseq sem uoneziwopuey "dn-mojjo} Jayung ofiapun Jou pip pue uswibal [eLi ay) sreniul jou
pIp OYM 3SOY} pUe JoWN) PIowssp e BuiAey 10U Se UOITeZILIOpUR] J3YR PAIYIIUSPI 848M OUM 9SO JO uondadxa syl Ylim Uoijeziwopuel Juamuapun oym sjuaned |e papnjoul uonendod 1eain-01-uonusiul ay |
¥

(z€) o1
(8¢) 6T
(88) v

(9v) 8v/zz
(¥3) 8v/92

(9v) €2
(9e) 81
(em) 9
®v
(¥9) ¢
(82) vT

(ze) o1
(o) et
(ev) 12
¥e) LT

(e61-2T) 78
(0g) aT
(02) s¢

(89) ¥€
(z2-871) L&

(05=N)
qluajelos

09) T /UOITE[EIS3 JO UOIINPOLUI D11001eU Ured JO UOIISPISUOD PUE £ 31095 Ured JSIOM |dE UM 9SeasIp oljewojdwAS

(ev) o1

uoneZIWOopUEJ 8104aq Syuow 9 ulyum Buibewi oiydelboipel Aq pa1oaiap uoissaifold

(92) 82 Aipigiow pareroosse ybiy Ajqeidasseun yum Asabans aiinbal 01 J0 8]ge1dasaiun aqg 0} paulLIaIep aseasiq

(67) LE/8T
(19) 2€/6T

(6v) 8T
(tv) a1
(8¢
(8¢
(6v) 8T
(ev) 9T

(ev) 9T
2) 6
(88) ¥T
(8¢) vT

(§92-92) 9L
(TY) 5T
(69) 2z

(02) 92
(£9-T2) L€

(Le=N)
0gade|d

k?é 'OU — BII811ID UOISN|OUl el
alInday
pasoubelp AjmeN
(9%) "ou [e10)/°0u — SnJels aseasiq
(9%) "ou — uonoasai [ea1bIns snoinsid
(%) "ou — Adelay) o1WaISAS SnoiAaId
(%) "ou — AdeJayy uoneipel snoiAsid
JeulLopgeeIXa pUe [eUILLOPJe Yylog
[eulwopgeex3
[eulwopqy
(%) "ou — aus Jowny Arewid
u@ov '0U — 9seasIp [eullopgeeu|
0T-L
9-¢€
0
.ﬂ.gv "OU — UOIeZIWOopUEI Je 3103S ured 1S10M |dg
w9 — (sbuel) uolreziwopues Je suoisa| 1961e] Jo wns UeIpajA|
T
0
J (%) "ou — 81095 shyels-aouewlopad 90O3
(%) "ou — xas afeway
JK — (abueu) abe ueipan

onsIIsIORIRYD

Author Manuscript

, ‘uoneziwopuey Je sjuslled sy} Jo sasLsloeIeyD [ealulfd pue diydesbowsq

‘TalqeL

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 June 20.

in

available

1

N Engl J Med. Author manuscript



Page 17

Gounder et al.

*01300.eU PI0IdO MaU B JO UOIIIPPE 3Y1 10 SIII0JJBU JO SN JUALIND B} Ul 3SeaIoUl 0408
UBY} 2J0W B 0 S1300JBU JO UOIIPPE 3U} 4O UOITRISPISU0D pue sBnip Alojewiwejjuliiue [eploJalsuou yym ured |01U00 0} AJjigeul Ue Se paulyap Sem UOITR[eIss J0 UOIINPO.IUL 9130dJeu ured Jo coze%_m:oo\\

“lewdy 3y ut uorredionaed oy 91qiBija aq 0} BLIBIIO 331U 953U} JO BUO 1SB3| 1 193W 0} Py siuaied

b

. (au1Bew uea noA se peq se ured) gT—(ured ou) Q :sINoY 7z 1Se| 8y} Ul 1 SHOM SH 1e ured INoA saqrIasap 15aq Jeys Jagunu auo ay Butjasia Aq ured InoA ayes ases|d,, Sem uonsanb ured 1S10Mm |dg m;._.%
"UOIIeZIWIOPURI 1B 10108} UOITRIHIIRIIS B SeM J11SLIa10eIReYd 8y ._.ﬂ

"Ureap S$a1edIpul G 40 81095 ® ‘Aljigesip Jajealb Bunedipul $8109s Jaybiy yim ‘ajeds julod-G e uo passasse ale $a109s snjeis-aouewlopad (9093) dnoio ABojoouQ aanesadoo) Esmm.m_aN

‘Buipunod o asnesaq 00T .10} Jou Aew safielusdlad "UOIBZILIOPURI JO sWi} 8y} Je $o1ISLI8laeIeyd 8yl 4o Aue ul sdnolb syl usamiag (G0'0>d) Sadualaylp Juediiubis

0U 8JaM 843y | "UONBZIWOPUE. 3104aq SABp 8Z Ulym Juaited ayl Aq paiajdwod (1dg) A101uaAu| ured Ja1ig ayp Jo wall ured 1SIOM U} JO SN 3Y) YJIM Passasse ‘Uolieziwopuel Jo awi ayl Je ured Jo [ans]

pue UoI3eI0| [edlWOoleue 0} HUIPI0IJE PaIYIIENS SEM UOITRZILIOPURY "SIUBW|[0JUS MaU 10} Butoueleq usym uswifal paubisse [eniul ay) se uswibal 19A0sS0.d s Jualied e paziufiodal A[39a1100ul suswibal [eL
10 syuswubisse ayy Buialiep welboid ay] "pajjosus usaq pey (dnosb ogaded ayi ul zg pue dnob qiuajelos ayl ul gg) siuaited 0/ Jale palyiloal pue pajoslap sem uawibal [erl) ay) Jo Juawubisse ay) ul 10418

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

PMC 2019 June 20.

in

available

1

N Engl J Med. Author manuscript



Page 18

Gounder et al.

Author Manuscript

0 @®¢ @1 (eno e1Ws0A|hiadAH
0 ©1 e (e 9 unoa 19jere|d Ul asesdsq
0 (1984 0 1)L [9A3] 3SeJajSUBIOUIWE BUIUB[R U] 3SBSI0U]
©1 (O)F4 @1 (om) 8 elwauy
() (9 @1 (02) 01 Bumwon
0 (19 0 (@) 11 SNISOoNW [eI0
0 v 0 (211 uonednsuod
0 (s2)6 0 (Te) ST BIXBIOUY
Ty (s2) 6 @1 (Te) ST ured [eurwopqy
0 (s2) 6 @1 (se) L1 elbjeyuy
0 @®¢ 0 (2€) 81 e10ado)y
0 (ee) et @1 (ze) 81 elbjeAN
©1 (6¢) v1 0 (6v) v2 easneN
0 (ee) 2t 0 (19) s¢ eayLeIq
0 (68) v1 ()87 (s9) L2 uolsusHadAH
©1 (19) 2e (OF (29) g€ anbiyed
0 0 0 #1) L smunid
0 1) 5 @1 1) 1 #43L30— S13pIOSIP BNSSI SNOBLEINIQNS JO UINS
0 (1 0 #1) L rejndedojnoepy
0 0 0 (219 WIOJIBUIY
0 (19 (zn) 9 (6Y) vz Jrejmsndojnded
0 (ev) a1 WD L (e1) 9 13PIOSIP UDYS JO ysel Auy
ysey
0 (z2) 8 @71 (69) v¢ 3WOIpUAS eisapsasApoiyikia Jejuejd—rewed
| %0T 80UapIoul Lim uawiiBal jewn Jo 1di1voas Buunp suang
(s2) 6 (69) 52 (2v) €2 (es) 9z 1UBAB 8SIBAPE AUy
(yueo.4ed) s1ueired Jo Joquinu
ylogopeln zJ0T8peld pJI0gapedD 4o T apelo
(9 =N) (67 =N) Juang
ogaoe|d qlusyelos

,uswiBay el paubissy Ajfeniu| 03 Buip109y asned AUy JO SIUBAT 8SI9APY JO 90USPIaU|

‘¢ slqeL

Author Manuscript

Author Manuscript Author Manuscript

N Engl J Med. Author manuscript; available in PMC 2019 June 20.



Page 19

Gounder et al.

Author Manuscript

‘Buidwiesd pue ured papnjoul A106a1ed siyy ul ﬂ:m>m_%

‘ured pue ‘enrioddns sniuspeapiy ‘Uem Jejueld ‘Buljjams ‘snjjed papnjoul A1obared siyy Uil sjusang

't

"Pa1IN220 SIUBAS G apelB a0 ou ‘Bnip ayy 03 parejal Usag aney 0} 10U SsioeBiisanul
a1 Aq paBpnl sem ey (81gel SIy1 Ul UMoys Jou) uonelopiad [amoq parejal-aseastp Wwoly paip dnolb giuaselos sy ul Jusiied suQ ‘umoys a1e dnoib [eLi Jayns ul 1aybiy 10 90T JO 8UBPIdUI U PRy Jey) SIUBAT

g

*A1a4es JO JUBWISSaSSe 8y} Ul papnjoul alam sjuaiied Gg ||V “Paiinado 1 Yoty Je apeld 1saybiy sy 1e ‘8ouo pajunod alom

juaiied a|buIS e Ul JUBAS BWES 8y} JO S39UB1INIJ0 ajdnnw ‘poriad Juswiealy ayy Burinp jusiied ualb e 1oy A10631ed Yyoes ul A11JaAss winwixew ayl 198148 pariodal SJUans 8yl €0y UOISIaA ‘(3D 1D) Siusng

9SI8APY 40} BLIB)ID ABojouIwia] uowwo) ayj 03 Buipodde papelh a1aMm SJUBAS 8SISAPY "UMOUS aJe (JaA0SS01D 8104aq) uawibal [ers) paubisse Ajjenul ay3 Buiel sem juaned ayj a|1ym palindao Jeyl Sjusng
o

Z 10 T apeao

0 v 0 Q¢
0 (19 0 (O)F
0 (Mo 0 @®v
0 ©T 0 (om) s
0 (C)F 0 (om) s
(et (®¢ 0 (ons
0 ®¢ @1 (om) s
0 ©r 0 (zm) 9
(yusoed) s1uaired Jo Jequinu
¥ 10 ¢ spedo ¢ 10 T /pedo {10 € spelo
(9e=N) (67 =N)
0gade|d gluajelos

§19U10 — S19pIOSIP ANSSI-9A1NIBULIOD [€13]aXSOINISNIA
1UNOJ []89-91YM Ul 8583199

ayoepesH

ups Aig

1uno9 [Iydoinau Ul ases1d8q

|8A8] UIGNJI[IG POOIQ Ul 8Se8IdU|

|8A3] aseJajsueIIOUIWE S)eliedse Ul asealou|

Ayredoinau Aiosuas Jesaydiiad

Jusng

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2019 June 20.

in

available

1

N Engl J Med. Author manuscript



	Abstract
	METHODS
	PATIENTS
	TRIAL OVERSIGHT
	TRIAL DESIGN AND TREATMENT
	END POINTS AND ASSESSMENTS
	STATISTICAL ANALYSIS

	RESULTS
	PATIENTS, ENROLLMENT, AND TREATMENT
	EFFICACY
	SAFETY
	CROSSOVER

	DISCUSSION
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.

