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IMPORTANCE Local failure after chemoradiotherapy (CT-RT) significantly contributes to

mortality in patients with locally advanced non-small cell lung cancer (LA-NSCLC). One
approach to improve local control is through targeted radiosensitization of the tumor.

OBJECTIVE To evaluate the dose-limiting toxic effects, maximally tolerated dose, and
recommended phase 2 dose of the protease inhibitor nelfinavir mesylate, administered
concurrently with CT-RT in patients with LA-NSCLC, and, in the phase 2 portion of the study,
to estimate the objective response rate, local and distant failure rates, and overall survival.

DESIGN, SETTING, AND PARTICIPANTS This prospective, open-label, single-group,
single-institution phase 1/2 trial tested the oral protease inhibitor nelfinavir in combination
with concurrent CT-RT in 35 patients aged 18 to 89 years with biopsy-confirmed unresectable
stage IlIA/IIB LA-NSCLC and a minimum Karnofsky performance status from June 29, 2007,
to February 22, 2012, with an analysis date of May 9, 2017. Median follow-up for all patients
was 6.8 years, with a minimum 5 years of follow-up for all survivors.

INTERVENTIONS Oral nelfinavir mesylate, 625 mg, twice daily or 1250 mg, twice daily was
administered for 7 to 14 days before and during concurrent CT-RT.

MAIN OUTCOMES AND MEASURES Graded toxic effects, overall survival, local failure, distant
failure, objective response rate, and progression-free survival as measured by Response
Evaluation Criteria in Solid Tumors, version 1.1.

RESULTS Thirty-five patients (16 women and 19 men; median age, 60 years [range, 39-79
years]) enrolled and met protocol-specified criteria for adherence, with 5 at a dose of 625 mg
twice daily and 30 at a dose of 1250 mg twice daily. No dose-limiting toxic effects were
observed. No grade 4 or higher nonhematologic toxic effects were observed. Thirty-three of
the 35 patients had evaluable posttreatment computed tomographic scans, with an objective
response rate of 94% (31 of 33; 95% Cl, 86%-100%). The cumulative incidence of local failure
was 39% (95% Cl, 30.5%-47.5%). Median progression-free survival was 11.7 months (95% Cl,
6.2-171 months). Median overall survival for all patients was 41.1 months (95% Cl, 19.0-63.1
months); the 5-year mean (SE) overall survival rate was 37.1% (8.2%).

CONCLUSIONS AND RELEVANCE This study suggests that nelfinavir administered with
concurrent CT-RT is associated with acceptable toxic effects and a promising objective
response rate, local failure, progression-free survival, and overall survival in unresectable
LA-NSCLC. These data suggest that nelfinavir may enhance the efficacy of standard CT-RT in
this disease. Additional testing in the randomized phase 3 setting should be conducted to
establish the improvement associated with nelfinavir with concurrent CT-RT.
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A Phase 1/2 Trial of Nelfinavir With Chemoradiotherapy for Unresectable Stage I11A/I1IB NSCLC

pproximately 50 000 patients are diagnosed annually

with stage IIl non-small cell lung cancer (NSCLC) in the

United States. Median survival for these patients, de-
spite advances in chemotherapy and radiotherapy delivery, re-
mains poor at approximately 28 months.! The current thera-
peutic approach for patients with unresectable stage IIIA
disease is definitive radiotherapy to a dose of 60 Gy given con-
currently with a platin-based regimen.2* One of the reasons
for the poor cure rate in this disease is poor local control with
definitive radiotherapy. Radiographiclocal failure rates range
from 30% to 50% at 2 years.! There is evidence to suggest an
association between improved local control and better over-
all survival (0S). In a meta-analysis of patients receiving con-
current chemoradiotherapy (CT-RT), a 6% locoregional con-
trol benefit translated to a 5% improvement in OS with no
change in the distant failure rate.? Therefore, improving local
control represents a central goal in designing new strategies
to treat NSCLC.

One approach to improve local tumor control is through
concomitant administration of a radiosensitizing drug during
standard radiotherapy.*° Preclinical studies have shown that
a class of protease inhibitors used to treat HIV can radiosen-
sitize tumor cells both in vitro and in vivo.*” The mechanism
for this radiosensitization appears to be mediated, in part,
through inhibition of PI-3 kinase.® Preclinical studies showed
evidence of inhibition of Akt phosphorylation after 3 days of
nelfinavir mesylate.®

Based on these preclinical data, our group initiated a novel
phase 1/2 trial of the HIV protease inhibitor nelfinavir with con-
current CT-RT for unresectable stage IITA/IIIB NSCLC. A 7- to
14-day lead-in period was chosen to ensure inhibition of Akt
phosphorylation prior to initiation of CT-RT. The phase 1 trial
has been previously reported.® The primary objectives of the
phase 2 portion of the trial were to determine the objective re-
sponse rate, local and distant failure rates, and progression-
free survival and OS and to further characterize the safety of
nelfinavir when administered with concurrent CT-RT.

Methods

Eligibility

Patients aged 18 to 89 years with histologically proven, locally
advanced NSCLC (LA-NSCLC) were enrolled in this prospec-
tive trial, conducted from June 29, 2007, to February 22, 2012.
Patients had to have disease that was deemed unresectable at
the multidisciplinary tumor board by the thoracic oncology team
at the University of Pennsylvania and be eligible for definitive
CT-RT. Patients were required to have a Karnofsky perfor-
mance status of 80 to 100 and less than 10% unintended weight
loss in the 6 months prior to enrollment. Patients were re-
quired to have sufficient renal function (serum creatinine level
<1.2mg/dL [to convert to millimoles per liter, multiply by 88.4])
to permit cisplatin-based chemotherapy. All patients under-
went positron emission tomography/computed tomography and
magnetic resonance imaging of the brain for staging within 6
weeks of study entry. Patients who had received prior thoracic
radiotherapy were excluded. The University of Pennsylvania In-
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Key Points

Question Is administration of the oral protease inhibitor nelfinavir
mesylate improve clinical outcomes with concurrent
chemoradiotherapy assoicated with improved clinical outcomes in
locally advanced non-small cell lung cancer?

Findings This phase 1/2 clinical trial found that nelfinavir with
concurrent chemoradiotherapy was well tolerated and had
promising long-term local control and survival in 35 patients with
locally advanced non-small cell lung cancer.

Meaning The addition of the putative radiosensitizer nelfinavir
with concurrent chemoradiotherapy in patients with locally
advanced non-small cell lung cancer may improve clinical efficacy
and outcomes.

stitutional Review Board approved this study. All patients pro-
vided written informed consent.

Trial Design

This is a prospective, open-label, single-arm phase 1/2 trial of
the oral HIV-protease inhibitor nelfinavir in combination with
concurrent CT-RT in stage ITIA/IIIB LA-NSCLC. All patients be-
gan taking daily oral nelfinavir (either 625 mg twice daily or
1250 mg twice daily) 7 to 14 days prior to the start of CT-RT. A
3 + 3 trial design was used for the phase 1 portion of the trial,
with expansion to include 30 patients at the maximally toler-
ated phase 2 dose (6 patients in the escalation phase and 24
evaluable patients in the expansion phase). Nelfinavir was con-
tinued during the complete course of CT-RT (eFigure in the
Supplement). All patients underwent CT-based treatment plan-
ning. The gross tumor volume, clinical target volume, and plan-
ning target volume were defined according to ICRU (Interna-
tional Commission on Radiation Units and Measurements) 50.°
All patients were treated using involved field, 3-dimensional
conformal radiotherapy or intensity-modulated radio-
therapy to 66.6 Gy in 1.8 Gy per fraction with standard nor-
mal tissue constraints.® Standard chemotherapy consisting of
cisplatin and etoposide was administered concurrently with
radiotherapy per the standard Southwest Oncology Group
regimen.'o"!

Assessment of Toxic Effects and Response

Toxic effects were graded by Common Terminology Criteria
for Adverse Events, version 4.0.12 Dose-limiting toxic effects
were defined as any treatment-related, grade 4 hematologic
toxic effect requiring a break in therapy of more than 14 days
or nonhematologic grade 3 or higher toxicity except esopha-
gitis and pneumonitis.!* The maximally tolerated dose was
defined as the highest dose associated with fewer than 2
dose-limiting toxic effects in 6 patients. All patients under-
went computed tomographic imaging of the chest 3 months
after treatment completion for assessment of response and
computed tomographic imaging as per standard of care
every 3 to 6 months thereafter until disease progression or
death. Local failure was defined as radiographic evidence of
relapse or progression within the primary tumor or nodal
regions irradiated. Distant failure was defined as failure in a
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Table 1. Patient Characteristics

No. (%)

Characteristic (N = 35)
Age, median (range), y 60 (39-79)
Sex

Male 19 (54)

Female 16 (46)
Stage

1A 23 (66)

111B 12 (34)
T stage

T1 7 (20)

T2 14 (40)

T3 7 (20)

T4 6(17)

X 1(3)
N stage

NO-N1 309

N2 24 (69)

N3 8(23)
Karnofsky performance status score

80 27 (77)

90 8(23)
Histologic characteristics

Adenocarcinoma 10 (29)

Squamous cell 16 (46)

Poorly differentiated NSCLC NOS 9 (26)

Abbreviations: NOS, not otherwise specified; NSCLC, non-small cell
lung cancer.

nonregional nodal or extrathoracic site. Progression-free sur-
vival was defined as the time from the start of treatment to
disease progression or death. Patients who were progression
free at the time of analysis were censored at the date of the
most recent imaging that documented their progression-free
status. Overall survival was defined as the time from the start
of treatment to death due to any cause or last patient contact
alive. Radiographic response was measured according to
Response Evaluation Criteria in Solid Tumors (RECIST),
version 1.1.1*

Statistical Analysis

Analysis was performed May 9, 2017. Patient characteristics
were summarized by descriptive statistics; continuous vari-
ables were summarized by median and range, while categori-
cal variables were summarized by frequency and percentage.
Toxic effects were graded and tabled by dose level (DL). The
objective response rate (ie, percentage of patients who achieved
complete or partial response) and 95% CIs were estimated. Me-
dian potential follow-up was estimated by the reverse Kaplan-
Meier method. Cumulative incidence of local failure and dis-
tant failure and their 95% CIs were analyzed using cumulative
incidence analysis to account for competing risks. Median pro-
gression-free survival and OS were estimated using the Kaplan-
Meier method with 95% CIs for medians based on the for-
mula of Greenwood."
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The study was designed as a 3 + 3 escalation study with
expansion to include 30 patients at the maximally tolerated
phase 2 dose of nelfinavir (6 patients in the escalation phase
and 24 evaluable patients in the expansion phase) to deter-
mine whether the median OS was increased to 30 months or
more compared with the median OS of 17 months assumed
from historical studies. With 30 patients accrued over 18
months and with 12 months of additional follow-up, there
would be 80% power to detect this increase in median OS, with
A 1-sided 10%, type I error rate. The study tested 2 DLs; since
objective responses were seen at both DLs, the 2 groups were
combined to estimate clinical outcomes with greater preci-
sion. All statistical analyses were performed using the soft-
ware package SPSS (IBM SPSS), STATA (StataCorp LLC), or Mi-
crosoft Excel (Microsoft Corp). All statistics were descriptive
and as such we did not prespecify Pvalues or 1-sided or 2-sided
tests as this was a single-group trial.

. |
Results

Patient Characteristics

A total of 38 patients with biopsy-proven stage IIIA or IIIB
NSCLC were enrolled from June 29, 2007, to February 22,
2012, of whom 35 received nelfinavir and initiated CT-RT
and met the protocol adherence criteria. All 35 patients were
followed up for acute toxic effects; 33 patients who received
nelfinavir and initiated concurrent CT-RT had computed
tomographic scans sufficient for RECIST, version 1.1,
response assessment to therapy. The patient characteristics
of the 35 patients followed up for response assessment are in
Table 1. Median age was 60 years (range, 39-79 years), and
there were 16 women and 19 men. Most patients (23 [66%])
had stage IIIA disease. T stage was T1 or T2 in 21 patients
(60%), T3 in 7 patients (20%), T4 in 6 patients (17%), and TX
in 1 patient (3%). N stage was NO or N1 in 3 patients (9%), N2
in 24 patients (69%), and N3 in 8 patients (23%). The median
Karnofsky performance status was 80 (range, 80-90). Histo-
logic characteristics included adenocarcinoma in 10 patients
(29%), squamous cell carcinoma in 16 patients (46%), and
poorly differentiated NSCLC not otherwise specified in 9
patients (26%).

Dose Escalation

Five patients were enrolled at DL1 (625 mg orally twice daily).
After the first 3 patients were scored as not having dose-
limiting toxic effects, the next 2 patients in the dose cohort
should have been escalated to 1250 mg twice daily (DL2), but
they were found to have inadvertently taken the DL1 dose at
the time of initial pill diary audit (14 days after initiation of
drug). After discussion with the data safety monitoring com-
mittee, it was decided that these 2 patients should continue
at the lower DL; thus, 5 patients were enrolled at DLI1. Thirty
patients, including the 6 patients treated in the phase 1 por-
tion of the trial, were enrolled at DL2 (1250 mg orally twice
daily). All 35 patients were followed up for survival and toxic
effects. Figure 1 shows the CONSORT diagram of all 55 pa-
tients offered enrollment in the trial.
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Figure 1. CONSORT Diagram Table 2. Toxic Effects Data for All 35 Patients Enrolled®
Grade
55 Patients assessed for eligibility
Effect 1-2 3 4
Leukopenia
17 Excluded
N 12 Declined participation during screening period Total 6 12 8
5 Patients were identified as having metastases DL1 1 1 1
on screening studies
DL2 5 11 7
N
38 Enrolled and started study drug ausea
Total 19 4
3 Excluded b 2 g
N 1 Discontinued CT-RT at 50 Gy for esophagitis DL2 17 4
2 Completed treatment but were nonadherent with Vemiki
the study drug 9
Total 10 0
35 Met protocol-specified criteria for adherence DL1 2 0
33 Had evaluable posttreatment CT scan for DL2 8 0
RECIST response
Dyspepsia
T ; Total 17 0
CT indicates computed tomography; CT-RT, chemoradiotherapy; and
RECIST, Response Evaluation Criteria in Solid Tumors. DL 0 0
DL2 17 0
Dysphagia
Treatment Adherence Total 20 3
Protocol-specified adherence criteria included receiving 80% DL1 2 0
or more of the prescribed radiotherapy fractions and 70% or DL2 18 3
more of the prescribed nelfinavir doses. All but 1 patient re-  Dpiarrhea
ceived all radiotherapy treatments. The pill compliance rate Total 19 1
ranged from 71% to 100%, with a median compliance rate of DL1 1 0
97%. All 35 patients received 66.6 Gy in 37 fractions and re- DL2 18 1
ceived their prescribed chemotherapy without dose reduc-  constipation
tions or modifications. Total 23 0
DL1 3 0
Toxic Effects DL2 20 0
The toxic effects associated with each DL of nelfinavir are Dehydration
detailed in Table 2 for the 35 patients analyzed. No dose- Total 15 3
limiting toxic effects were observed. The rate of grade 3 or 4 DLL by 0
toxicities appeared similar for the 2 DLs. Three patients initi- DL2 13 3
ated nelfinavir with concurrent CT-RT but then withdrew from ..
the study: 1 patient at DL1 withdrew owing to anxiety (not drug Total 16 3
related), and a second patient at DL1 elected to withdraw af- okl 0 1
ter 5 weeks of concurrent CT-RT and nelfinavir owing to treat- D) I > 0
ment-related grade 3 esophagitis. A third patient at DL2 was Weight loss
nonadherent with nelfinavir despite weekly coaching. None el = 0
of these 3 patients experienced grade 4 or 5 nonhematologic o 2 0
toxic effects. The 2 nonadherent patients did not experience 5 - 0
any grade 2 or higher esophagitis or pneumonitis and com- Cough
pleted all CT-RT as prescribed. All other patients completed o 14 0
nelfinavir with concurrent CT-RT per protocol. DIk > 0
. . DL 2 12 0
Hematologic Toxic Effects Dyspnes
The primary grade 3 or 4 hematologic toxic effect observed was yT ol 6 . 0
. . ota
leukopenia. Two of 5 patients (40%) at DL1 and 18 of 30 pa- oLL o 0
tients at DL2 (60%) experienced grade 3 or 4 leukopenia. No
. . . . DL2 16 1
patients required dose attenuation of chemotherapy or nelfi- i
navir. There were no episodes of neutropenic fever. atigue
Total 23 3
. . DL1 2 0
Nonhematologic Toxic Effects
There were no nonhematologic grade 4 toxic effects. The pri- bL2 2 3
mary nonhematologic grade 3 toxic effect was esophagitis, seen (continued)
jamaoncology.com JAMA Oncology October2019 Volume5, Number10 1467
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Table 2. Toxic Effects Data for All 35 Patients Enrolled? (continued) Table 2. Toxic Effects Data for All 35 Patients Enrolled?® (continued)
Grade Grade
Effect 1-2 3 4 Effect 1-2 3 4
Headache Hypomagnesemia
Total 8 0 0 Total 6 2 0
DL1 2 0 0 DL1 1 0 0
DL2 6 0 0 DL2 5 2 0
Fever Hyperbilirubinemia
Total 6 0 0 Total 3 0 0
DL1 0 0 0 DLl 0 0 0
DL2 6 0 0 bL2 E u &
Hypotension Alkaline phosphatase
Total 10 3 0 Total 7 0
DL1 2 0 0 DL1 1 0 0
DL2 8 3 0 bL2 6 0 0
] Creatinine
Skin
Total 3 0
Total 30 0 0
DL1 3 0 0 DL1 0 0 0
DL2 3 0 0
DL2 27 0 0 .
- Transaminases
Esophagitis Total
Total 25 4 0 DLL 0 0 0
DL1 2 1 0 DL2
piz 23 3 0 Thrombocytopenia and platelets
RARGITE Total 14 3 2
Total 20 5 0 DL1 1 0 0
DL1 3 0 0 DL2 13 3 2
DL2 17 5 0 Tinnitus
Hyperglycemia Total 6 0 0
Total 20 4 0 DL1 0 0 0
DL1 3 0 0 DL2 6 0
DL2 17 4 0 Dizziness
Hypoglycemia Total 10 0
Total 7 0 0 DL1 2 0 0
DL1 2 0 0 DL2 8 0
DL2 5 0 0 Hemoptysis
Hypoalbuminemia Total 2 0 0
Total 24 0 0 DL1 0 0
DL1 3 0 0 DL2 2 0 0
DL2 21 0 0 Hiccoughs
Hypocalcemia Total 5 0 0
Total 20 0 0 DL 0 v
DL 2 0 0 L2 > 0 Y
DL2 18 0 0 Voice alteration
= Total 12 0 0
Hyperkalemia
DL1 0 0
Total 3 0 0
o s 3 0 DL2 12 0 0
Abdominal pain
oL2 . } 0 0 Totals 5 1 0
Hypokalemia DLL 1 0
Total 10 1 1 DL2 4 1 0
oLl g 0 0 Pneumonitis
ol = 1 1 Total 2 2 0
Hyponatremia DL1 0 0
Total 22 3 0 DL2 2 2 0
DL1 1 1 0
Abbreviation: DL, dose level.
DL2 21 2 0

2 Data are reported as number of patients, 5 patients with DL1 (625 mg orally
(continued) twice daily) and 30 patients with DL2 (1250 mg twice daily).
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Figure 2. Cumulative Incidence Analysis of Outcomes
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A, The local failure rate at 2 years was 26% and at 4 years was 34%. B, The
distant failure rate at 1year was 46% and at 2 years was 54%. C, Median
progression-free survival was 11.7 months. The horizontal dotted line indicates

the median. D, Median overall survival was 41.1 months. The horizontal dotted
line indicates the median.

in 3 of 30 patients at DL 2 (10%) and 1 of 5 patients (20%) at
DLI1. Two of 30 patients (7%) experienced grade 3 or higher
pneumonitis at DL2. All other toxic effects were grade 1 or 2.

Response and Follow-up

The median potential follow-up was 6.8 years. Figure 2A
shows the cumulative incidence of local failure of 39% (95%
CI, 30.5%-47.5%) based on all 35 patients. A total of 13
patients (37%) experienced local failure; 7 patients (20%)
experienced local failure as the site of first failure. The 2-year
local failure rate was 26%, and the 4-year local failure rate
was 34%. The median time to local failure was not reached.
All other patients are alive with local disease control or had
local disease control at the time of death. Figure 2B shows
the cumulative incidence of distant failure of 60% (95% ClI,
51.7%-68.3%) based on all patients. A total of 21 patients
(60%) experienced distant failure; 18 patients (51%) experi-
enced distant failure as the site of first failure. The 1-year dis-
tant failure rate was 46%, and the 2-year distant failure rate
was 54%. The median time to distant failure was 15.8
months. Figure 2C shows progression-free survival, with 27
patients (77%) experiencing local and/or distant disease pro-
gression during the follow-up period. Median progression-
free survival was 11.7 months (95% CI, 6.2-17.1 months) for all

jamaoncology.com

patients. Figure 2D shows OS for all 35 patients. The median
0OS was 41.1 months (95% CI, 19.0-63.1 months). The lower
bound of this 95% CI exceeds the 17-month median OS value
assumed from a historical series. The mean (SE) OS rate was
57.1% (8.4%) at 2 years, 51.4% (8.4%) at 3 years, and 37.1%
(8.2%) at 5 years. A total of 23 patients (66%) have died dur-
ing the study follow-up period.

Figure 3A shows the waterfall plot of the best response rate
of 33 patients who had RECIST-evaluable scans. Of these 33
patients, 31 (94%; 95% CI, 86%-100%) achieved a partial re-
sponse, with the remaining 2 patients having stable disease
(stable disease response rate, 6%). Figure 3B shows the swim-
mer plot of time to progression for all 33 patients with evalu-
able scans, with 8 patients remaining progression free at the
time of last follow-up. No patient had a complete response on
computed tomographic scan.

|
Discussion

The benchmark for clinical outcome in unselected stage IIIA
and I1IB NSCLC treated with concurrent CT-RT until 2017 was
RTOG 0617, amulticenter randomized phase 3 trial of standard-
dose (60 Gy) vs high-dose (74 Gy) CT-RT.! The primary end
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Figure 3. Response to Treatment
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A, Waterfall plot of best response by Response Evaluation Criteria in Solid
Tumors (RECIST) criteria for 33 evaluable patients. The vertical dotted line
indicates partial response. B, Swimmer plot of progression-free survival for

33 evaluable patients.
2 No recurrence or progression of disease at last follow-up.

point of RTOG 0617 was OS, with the governing hypothesis that
dose escalation of radiotherapy would drive an improvement
inlocal control, thereby improving OS. The study crossed a pre-
defined futility boundary at interim analysis; therefore, the
high-dose group was closed. The median OS for patients with
LA-NSCLC receiving standard-dose CT-RT was 28.7 months
(95% CI, 24.1-36.9 months) and was 20.3 months (95% CI, 17.7-
25.0 months) for those who received high-dose radiotherapy.
The 2-year local failure rate was 30.4% in the standard-dose
group and 39.0% in the high-dose group.

A previous study reported the results of a phase 1 clinical
trial of nelfinavir with concurrent CT-RT for patients with
LA-NSCLC.8 Two DLs were tested in the phase 1 portion of the
study: 625 mg orally twice daily and 1250 mg orally twice daily.
Both DLs were well tolerated. The study proceeded to a phase
2 trial at the maximally tolerated dose of nelfinavir, 1250 mg
orally twice daily. The clinical results of the combined phase
1/2 trial are the subject of this article.

Our study shows that administration of oral nelfinavir with
concurrent CT-RT in patients with unresectable LA-NSCLC

JAMA Oncology October 2019 Volume 5, Number 10

yields a promising 2-year local failure rate of 26%. In addi-
tion, we observed a median survival of 41.1 months and me-
dian progression-free survival of 11.7 months in this patient
population. These numbers compare favorably with the his-
torical benchmarks in the standard-dose group in RTOG 0617,
although a randomized phase 3 trial is warranted to confirm
our findings. Finally, we observed that this therapeutic ap-
proach was generally well tolerated, with no significant in-
crease in grade 3 or 4 toxic effects beyond those expected with
standard concurrent CT-RT.

One study has shown that nelfinavir, a protease inhibitor
used in the treatment of HIV, inhibits PI-3 kinase and Akt sig-
naling and sensitizes tumor cells to killing by ionizing radia-
tion in vitro and in vivo.® Another study has also demon-
strated that nelfinavir in animal models improves tumor
perfusion, suggesting that the observed enhancement of
tumor oxygenation is due to increased blood flow to the
tumor bed.'® In addition, PI-3 kinase inhibition has been
demonstrated to have an independent antitumor immune-
augmentation effect through the suppression of myeloid-
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derived suppressor cell activity in the tumor microenviron-
ment and systemic circulation in preclinical metastatic tumor
models.” We hypothesize that it is these properties that drive
the clinical results observed in this study.

There have been several prospective clinical trials exam-
ining the safety and efficacy of nelfinavir with concurrent
radiotherapy in a variety of disease settings, including LA
pancreatic cancer,'®!° LA rectal cancer,?°?! and glioblastoma
multiforme,?? each of which documented good tolerability
and promising clinical efficacy. The initial report of the phase
1 trial of nelfinavir with concurrent CT-RT in patients with
LA-NSCLC? similarly demonstrated excellent tolerability with
promising clinical response rates. Brunner et al'® reported on
6 of 10 patients who were able to achieve complete surgical
resection after induction CT-RT with nelfinavir in LA pancre-
atic cancer. In addition, 1 patient achieved complete tumor
sterilization at the time of surgery. Five of 9 patients achieved
a complete metabolic response as assessed by positron emis-
sion tomography/computed tomography. Alonso-Basanta
et al?? reported a median OS of 13.7 months and median
progression-free survival of 7.2 months with concurrent
nelfinavir and temozolamide in glioblastoma multiforme. In
addition, 3 of 18 patients in their study experienced out-of-
field progression of disease as opposed to the more common
in-field pattern of recurrence in glioblastoma multiforme
after radiotherapy. These data suggest that nelfinavir may
augment tumor response to radiotherapy in the setting of
relatively radioresistant tumors such as pancreatic cancer,
glioblastoma, and NSCLC.

Our overall objective response rate of 94% with a stable
disease response rate of 6% is very promising. A retrospec-
tive series by Werner-Wasik et al?* examining best RECIST re-
sponse to radiotherapy in nonoperative treatment of stage I
to III NSCLC reported a 56% overall response rate and 35%
stable disease rate, with 9% of patients having progressive dis-
ease. Some studies have previously reported that the tumor
volume effect can be mitigated by significant escalation of
radiotherapy dose to as high as 84 Gy in the setting of large-
volume stage II NSCLC.2?* These doses are not always achiev-
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able while meeting accepted dose-volume constraints in the
stage Ill setting; the results of RTOG 0617 further call into ques-
tion the use of dose escalation in LA-NSCLC. These observa-
tions underscore the clinical need for an alternative approach
toimproving tumor response to radiotherapy in LA-NSCLC and
the potential utility of nelfinavir in this setting.

Limitations

This study is a nonrandomized phase 1/2 trial in patients with
stage III NSCLC conducted in a single academic center, which
introduces potential selection bias as well as imbalance of co-
variates when comparisons are made with historical con-
trols. In addition, it is unclear whether this study approach will
be generalizable to a larger, more heterogeneous patient popu-
lation with variability in performance status. Finally, in 2018,
the use of durvalumab in patients with LA-NSCLC after CT-RT
hasbecome the standard of practice in the United States; there-
fore, outcomes in this study need to be put in context. How-
ever, the use of durvalumab in the setting of consolidation
treatment does not preclude further testing of nelfinavir
concurrently with CT-RT either alone or in combination with
checkpoint inhibition.?>:2¢

. |
Conclusions

This single-group phase 1/2 prospective trial of the HIV pro-
tease inhibitor nelfinavir administered with concurrent CT-RT
in unresectable LA-NSCLC successfully met its enrollment tar-
get. This report delineates the long-term outcomes of the larg-
est study to date with nelfinavir and concurrent CT-RT in any
disease setting, to our knowledge, and demonstrated prom-
ising local control and OS in LA-NSCLC with no overt exacer-
bation of toxic effects. As nelfinavir is a US Food and Drug Ad-
ministration-approved oral drug, this treatment approach is
feasible and is potentially a readily exportable platform for daily
clinical use. Additional testing in the randomized phase 3
setting should be conducted before this approach can be ad-
opted more broadly for this study population.
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