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Phase 1 Trial of Nelfinavir Added to Standard Cisplatin 
Chemotherapy With Concurrent Pelvic Radiation for Locally 

Advanced Cervical Cancer
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BACKGROUND: Nelfinavir (NFV), an HIV-1 protease inhibitor, has been shown to sensitize cancer cells to chemoradiation (CRT). The 

objectives of this phase 1 trial were to evaluate safety and identify the recommended phase 2 dose of NFV added to concurrent CRT 

for locally advanced cervical cancer. METHODS: Two dose levels of NFV were evaluated: 875 mg orally twice daily (dose level 1 [DL1]) 

and 1250 mg twice daily (DL2). NFV was initiated 7 days before CRT and continued through CRT completion. Toxicity, radiographic 

responses, and pathologic responses were evaluated. Serial tumor biopsies (baseline, after NFV monotherapy, on NFV + CRT, and post-

treatment) were evaluated by immunohistochemistry, NanoString, and reverse-phase-protein-array analyses. RESULTS: NFV sensitized 

cervical cancer cells to radiation, increasing apoptosis and tumor suppression in vivo. Patients (n = 13) with International Federation of 

Gynecology and Obstetrics stage IIA through IVA squamous cell cervical carcinoma were enrolled, including 7 patients at DL1 and 6 

patients at DL2. At DL1, expansion to 6 patients was required after a patient developed a dose-limiting toxicity, whereas no dose-limiting 

toxicities occurred at DL2. Therefore, DL2 was established as the recommended phase 2 dose. All patients at DL2 completed CRT, and 1 

of 6 experienced grade 3 or 4 anemia, nausea, and diarrhea. One recurrence was noted at DL2, with disease outside the radiation field. 

Ten of 11 evaluable patients remained without evidence of disease at a median follow-up of 50 months. NFV significantly decreased 

phosphorylated Akt levels in tumors. Cell cycle and cancer pathways also were reduced by NFV and CRT. CONCLUSIONS: NFV with 

CRT is well tolerated. The response rate is promising compared with historic controls in this patient population and warrants further in-

vestigation. Cancer 2021;127:2279-2293. © 2021 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer 

Society. This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which 

permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications 

or adaptations are made. 
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INTRODUCTION
Cervical cancer is the second most common malignancy in women worldwide, and it remains a leading cause of 
cancer-related deaths for women in developing countries.1,2 Advanced-stage cervical cancer disproportionately affects 
women of low socioeconomic backgrounds and of non-white race. Despite treatment with current standard-of-care 
cisplatin-based chemoradiation (CRT), up to 40% of these cancers will recur, leading to death from disease.3 Human 
papillomavirus (HPV) is the etiologic agent of cervical cancer in 99.9% of cases worldwide.4,5

Nelfinavir (NFV), an orally administered human immunodeficiency virus 1 (HIV-1) protease inhibitor, has been 
shown to radiosensitize HPV-related head and neck squamous cell carcinomas (HNSCCs) as well as non–HPV-related 
pancreatic cancers in both in vivo and in vitro models.6-8 In clinical trials, NFV increased the radiosensitivity of HNSCC 
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and pancreatic cancers.9,10 NFV has also been shown 
to induce autophagy, leading to apoptosis as monother-
apy in HPV-related cervical cancer cells and in- vivo.11 
NFV is an inhibitor of the PI3K/Akt signaling pathway, 
which has been implicated in both carcinogenesis and in 
resistance to radiation therapy in HPV-related cancers, 
including cervical cancer.6,12-14 Therefore, NFV is a ratio-
nal targeted agent to combine with radiation for cervical 
cancer treatment.

NFV received approval from the US Food and Drug 
Administration (FDA) in 1997 for the treatment of adults 
and children with HIV infection and has over a decade of 
safety and pharmacokinetic data with minimal toxicity.15 
The most common side effect is mild diarrhea (grade ≤2) 
in up to 70% of patients.10,16 NFV is now off-patent, 
making it a potentially cost-effective option for the treat-
ment of cancer. In a phase 1 trial in locally advanced pan-
creatic cancer, NFV was added to the standard regimen of 
cisplatin, gemcitabine, and radiation; there was a 20% in-
crease in the response rate (50% vs 30%) compared with 
historic controls,10 and 1250 mg twice daily was defined 
as the recommended phase 2 dose (RP2D). NFV has also 
been combined with standard CRT followed by surgery 
in a phase 1 trial for locally advanced rectal cancer that 
defined 750 mg twice daily as the recommended dose.17 
A phase 1/2 trial evaluated NFV 1250 mg twice daily in 
combination with cisplatin-based CRT for unresectable 
stage IIIA/IIIB non-small-cell lung cancer, and there was 
a significant increase in median overall survival to 41.1 
months (95% CI, 19.0-63.1 months) compared with 17 
months in historic controls.18,19 NFV has not yet been ex-
plored in clinical trials for the radiosensitization of locally 
advanced cervical cancer.

The current study was a 2-institution phase 1 trial 
with the objectives of determining the safety, recom-
mended RP2D, and genomic and proteomic effects of 
adding NFV to standard, concurrent CRT in locally 
advanced cervical cancer. Briefly, we demonstrated that 
NFV sensitizes cervical cancer cells and xenografts to 
CRT. We identified that the standard dose of NFV at 
1250 mg twice daily was tolerable with combination 
CRT and is the RP2D for further studies in locally ad-
vanced cervical cancer. Biomarker studies indicated that 
phosphorylated Akt (pAkt) protein expression may be 
a biomarker for target engagement in preliminary stud-
ies. Cell cycle and apoptosis pathways were significantly 
affected by NFV in combination with CRT, but not by 
NFV alone.

MATERIALS AND METHODS

Preclinical Studies
Cell cycle and apoptosis assay

HeLa and Caski cells were maintained in RPMI media. 
Cells were plated and treated with NFV at increasing con-
centrations (10, 15, 20, and 25 µM) or vehicle control 
(methanol) for 48 hours and subjected to fluorescence-
activated cell sorting (FACS) analysis using propidium 
iodide. Annexin V labeling with flow cytometric analysis 
was used to determine apoptosis after treatment for 72 
hours. Results represent the mean ± SD of experiments 
performed in triplicate. Two-way analyses of variance 
were used for statistical analysis, and the post-hoc Tukey 
honestly significant difference test was used for between-
group analyses.

Clonogenic survival assay

Cultures in log growth were counted and plated as a single-
cell suspension in 60-mm dishes. Cells were treated with 
15 µM NFV irradiated with an X-RAD 320iX Irradiator 
at a dose rate of 2.72 grays (Gy) per minute for 16 hours. 
Media containing NFV was removed 4 to 6 hours after 
radiation. Colonies were stained and counted 10 to 14 
days after irradiation. The surviving fraction was calcu-
lated as follows: (number of colonies formed)/(number of 
cells plated × plating efficiency).

Tumor generation in mice and drug treatment

Female Ncr-nu/nu mice were obtained from Charles 
River Laboratories and housed in the animal facilities of 
the University of Pennsylvania. All experiments were car-
ried out in accordance with the University Institutional 
Animal Care and Use Committee guidelines. Tumors 
were initiated in the flanks of mice aged 5 to 7 weeks by 
subcutaneous injection of 1 × 106 HeLa cells suspended 
in 100 µL of Matrigel (BD Collaborative Research). From 
5 to 10 mice were used per group. Tumors were palpable 
between 5 and 7 days post-inoculation. Then, 10 mg/kg 
of NFV or vehicle control was administered intravenously 
for 3 doses: 2 days, 1 day, and 2 hours before irradia-
tion. Tumor growth was recorded 3 times weekly using 
a digital caliper, and tumor volume was calculated using 
the formula (L × W2)/2, where L is the tumor length and 
W is the tumor width. Mice were killed when the tumor 
volume reached 1700 mm3 or if they showed any sign of 
significant distress. Differences in response were analyzed 
using a 2-way analysis of variance to perform comparisons 
between treatment groups.
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Clinical Trial
Eligibility

Patients with previously untreated, histologically con-
firmed, primary, locally advanced squamous cell cervical 
carcinoma (stage IIA, IIB, IIIA, IIIB, or IVA according 
to the 2009 International Federation of Gynecology and 
Obstetrics staging system) were eligible for the study.20 
Patients were required to have adequate bone marrow, 
renal, and hepatic function; an Eastern Cooperative 
Oncology Group performance status ≤2; and have seron-
egative HIV status. Patients who had positive para-aortic 
lymph nodes on pretreatment imaging (either computed 
tomography [CT] or [18F]fluorodeoxyglucose positron 
emission tomography/CT) were excluded. Patients with 
a history of prior chemotherapy, pelvic or abdominal ra-
diation, and those taking medications that are substrates 
of CYP3A4 and CYP2C19 were excluded. The institu-
tional review boards at the University of Miami and the 
University of Pennsylvania approved this study, and all 
patients signed informed consent. The principal investi-
gator (F.S.) for the trial changed institutions between the 
enrollment of the 2 dose level cohorts; therefore, the pa-
tients who received dose level 1 (DL1) were enrolled at 
the University of Miami, and those who received DL2 
were enrolled at the University of Pennsylvania.

Trial design

The trial design is summarized in Figure 1. Patients began 
taking oral NFV twice daily at a starting dose 875 mg 
(dose level 1; DL1) 7 days before the initiation of CRT. 
NFV was continued at the prescribed dose level during 

the approximately 7-week course of cisplatin and pelvic 
external-beam radiation therapy (PEBRT) with endocavi-
tary brachytherapy. The NFV dose was escalated to 1250 
mg twice daily (dose level 2; DL2) according to the standard 
dose-escalation design, as recommended by the National 
Cancer Institute and the Investigational Drug Steering 
Committee’s Task Force on Clinical Trial Design.21

The intended PEBRT dose was from 45 to 50 Gy in 
25 to 28 fractions to the planning tumor volume delivered 
once daily during the business week. Patients received low-
dose-rate or high-dose-rate brachytherapy at the discretion 
of the radiation oncologist. Patients who were treated with 
low-dose-rate brachytherapy received 1 administration of 
brachytherapy, with a 40-Gy dose delivered to anatomic 
point A, with the option of a second application at the 
discretion of the radiation oncology. Patients who were 
treated with high-dose-rate brachytherapy received from 
24 to 28 Gy to anatomic point A in 4 or 5 applications. 
Patients who required extended-field radiation therapy 
were excluded. All external-beam and brachytherapy radi-
ation plans were reviewed for quality assurance according 
to institutional practice. Standard chemotherapy, consist-
ing of cisplatin 40 mg/m2, was administered once weekly 
for 6 cycles as concurrent therapy with radiation.

Toxicity evaluation

Dose-limiting toxicities (DLTs) were defined using 
the National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.02, as any 
treatment-related grade 3 or 4 non-hematologic tox-
icity, grade 4 neutropenia lasting >7 days, grade 3 or 

Figure 1.  The phase 1 clinical trial design for nelfinavir (NFV) with chemoradiation in cervical cancer is illustrated. (A) Patients were 
enrolled at the time they were diagnosed with stage IB to IVA cervical cancer. Patients received 1 week of NFV pretreatment before 
the initiation of 7 to 9 weeks of standard-of-care chemoradiation with cisplatin and combined external-beam radiotherapy (EBRT) 
and brachytherapy (XRT). Patients were evaluated for toxicity throughout treatment and at each follow-up visit for 1 year. Imaging 
was performed at baseline and at 3, 6, and 12 months after treatment. Tumor biopsies were obtained (A) at baseline, (B) after 1 week 
of NFV pretreatment, (C1) at 4 weeks or (C2) 6 weeks after the initiation of chemoradiation, and (D) 3 months after treatment. Gy/
fx indicates grays per fraction.
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4 neutropenia associated with fever, grade 4 thrombo-
cytopenia, grade 3 thrombocytopenia in the setting of 
bleeding that required transfusion, any toxicity that 
resulted in a delay of PEBRT for >1 week, or any tox-
icity resulting in the delay of NFV and/or cisplatin 
for >2 weeks. Patients were monitored for toxicities 
weekly during the 8 weeks of treatment and then every 
3 months for 1 year. DLTs were evaluated starting the 
week of NFV monotherapy and weekly during CRT in 
combination with chemotherapy.

Measurement of response

All patients underwent CT or magnetic resonance imag-
ing of the chest, abdomen, and pelvis before treatment 
initiation and at 3, 6, and 12 months post-treatment 
for response assessment. Further imaging follow-up was 
conducted every 6 to 12 months, according to insti-
tutional practice. All CT scans were scored using the 
revised Response Evaluation Criteria in Solid Tumors 
(RECIST) guidelines (version 1.1).22 Changes in the 
greatest dimension (unidimensional measurement) of 
the tumor lesions and in the shortest dimension in the 
case of malignant lymph nodes were recorded using 
RECIST. Patients who had measurable disease at base-
line, had received at least 1 cycle of chemotherapy, and 
had their disease re-evaluated were considered evaluable 
for response. Measurable disease was defined as tumor 
that could be accurately measured in at least 1 dimen-
sion as ≥10 mm with a CT scan or clinical examina-
tion. Malignant lymph nodes were defined as lymph 
nodes ≥15 mm in the short axis when measured on a 
CT scan. A complete response (CR) was defined as the 
disappearance of all target lesions, a partial response 
(PR) was defined as a decrease ≥30% in the sum of 
the greatest dimensions of target lesions, progressive 
disease (PD) was defined as an increase ≥20% in the 
sum of the greatest dimensions of target lesions, and 
stable disease was defined as neither sufficient shrinkage 
to qualify for a PR nor a sufficient increase to qualify 
for PD. Recurrence-free and overall survival were calcu-
lated using Kaplan-Meier curves. Recurrence-free sur-
vival was defined as the time from treatment initiation 
to recurrence or death from any cause.

Correlative Genomic and Proteomic 
Tumor Studies
Cervical biopsies were performed at 4 time points: be-
fore the initiation of treatment (time point A), after 1 
week of NFV (time point B), at either week 4 (time point 
C1) or week 6 (time point C2) of combined NFV and 
CRT, and 3 months after the completion of treatment 

(time point D). Biopsies were originally obtained at 
week 6 (time point C2) of combined NFV and CRT; 
however, an analysis of the initial biopsies revealed min-
imal to no residual active tumor by week 6. Therefore, 
for the remainder of the trial, an additional biopsy 
was obtained at week 4 (time point C1). Biopsies were 
evaluated for the presence of tumor and expression of 
pAkt Ser473 (Leica Microsystems; catalog no. NCL-
L-pAkt), pS6 Ser235/236 (Cell Signaling; catalog no. 
4858L), p16INK4A (Roche Diagnostics; catalog no. 
9517), CD3 (Leica Microsystems; catalog no. PA0553), 
CD8 (Agilent Dako; catalog no. M7103), and hypoxia-
inducible factor α (HIF1α) (Biocare Medical; catalog 
no. CME349B) by immunohistochemistry (IHC). 
Quantification of pAKT and pS6 activity was per-
formed using ImageJ software and the methodology 
described by Nyugen et al.23 HIF1α expression was 
graded as negative (−), weak positive (+), positive 
(++), or strong positive (+++) using the methodology 
described by Bai et al.24 CD3 and CD8 quantification 
was assessed by counting the number of positive cells 
per 10 high-power fields.

Tumor samples from fresh tumor biopsies that 
demonstrated >80% tumor cells using hematoxylin-
and-eosin (H&E) staining also were evaluated by 
reverse-phase protein array (RPPA) performed by 
the Proteomics Core at The University of Texas MD 
Anderson Cancer Center. In addition, RNA was ex-
tracted from the paraffin-embedded biopsy sam-
ples using the Oncogenomics Core Facility at the 
University of Miami and from fresh tumors using the 
Oncogenomics Core at Wistar Institute for gene ex-
pression analysis. Gene expression was analyzed using 
a custom HPV NanoString panel and the commercially 
available NanoString PanCancer Immune Panel. Data 
from each of the 3 assays were analyzed separately. 
Analyses were performed on quantile-normalized, 
log-scaled NanoString data and normalized log-scaled 
RPPA data. Batch effects between samples collected at 
different sites revealed by principal component analy-
sis were corrected using the ComBat algorithm.25 Pair-
wise group comparisons were performed using paired 
Student t tests, and estimation of the false-discovery 
rate (FDR) to adjust for multiple testing was done using 
the Benjamini-Hochberg algorithm, with significance 
defined as an FDR < 5% threshold unless stated oth-
erwise.26 Gene set enrichment analysis was performed 
with the DAVID algorithm using a combined set of 
features from all platforms as a reference set, and the 
top 10 biologic processes and top 5 Kyoto Encyclopedia 
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Figure 2.  Nelfinavir (NFV) sensitizes cervical cancer cells and xenografts to radiation. (A) HeLa and Caski cells were treated with 
NFV (10, 15, 20, or 25 µM) for 72 hours and subjected to fluorescence-activated cell-sorting analysis with propidium iodide. The results 
represent the mean ± SD of experiments performed in triplicate, with between-group comparison with controls (ctrl) performed 
using a 2-way (ANOVA) with the post-hoc Tukey honestly significant difference (HSD) test (*P < .05, **P < .01, ***P < .001). (B) HeLa 
and Caski cells were exposed to NFV (15, 20, or 25 µM) for 72 hours. Annexin V labeling with flow cytometric analysis was used to 
determine apoptosis. Results represent the mean ± SD of experiments performed in triplicate, with between-group comparison with 
controls performed using a 2-way ANOVA with the post-hoc Tukey HSD test (*P < .05, **P < .01, ***P < .001). (C) HeLa or SiHa cells 
were grown in media containing either control solvent or NFV (15 µM) for 16 hours and then irradiated with 0, 2, 4, or 6 grays (Gy) 
of radiation. The surviving fraction is plotted on a log scale on the y-axis versus the radiation dose (Rad) on the x-axis. Each point 
on the survival curve represents the mean surviving fraction from at least 3 replicate dishes ± SD. (D) Tumor volume curves of mice 
implanted with HeLa cells are shown. HeLa xenografts were grown in nude mice, as detailed in the text (see Materials and Methods). 
There were 4 groups of 10 mice per group (with radiation, without radiation, with NFV, and without NFV). The NFV-treated mice 
received 10 mg/kg NFV intravenously 48, 24, and 2 hours before irradiation. Tumor growth was tracked until their size reached 1500 
mm3, at which time the mice were killed (n = 5-10 mice per group). Data represent the mean as volume ± standard error of the mean 
using a 2-way ANOVA (dimethyl sulfoxide [DMSO]/saline + 10 Gy vs NFV + 10 Gy, P < .01; DMSO/saline + 10 Gy vs NFV + DMSO/
saline, P < .001).
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of Genes and Genomes (KEGG) pathways that passed 
an FDR < 5% threshold were reported unless stated 
otherwise.27

RESULTS

Preclinical Studies
It has been demonstrated that NFV targets the AKT 
pathway, sensitizing cancer cells to radiation.6,7,12 At 
72 hours, NFV treatment significantly induced G1 cell 
cycle arrest in HeLa squamous cervical carcinoma cells 
at 20 μM (77.9% in G1 phase; P = .04) and 25 μM 
(83.7% in G1 phase; P = .004) compared with con-
trols (65.4% in G1 phase) and significantly decreased 
cells entering into S phase in both HeLa cells (4.7% 
in S phase; P = .03) and Caski cells (7.2% in S phase; 
P = .015) at 25 μM compared with controls (14.2% in 
S phase for both cell lines) (Fig. 2A). NFV treatment 
significantly induced apoptosis in HeLa cells at 20 μM 
(41.5% apoptotic cells; P < .0001) and 25 μM (68% 
apoptotic cells; P = .03) compared with controls (3.1% 
apoptotic cells) and also significantly induced apop-
tosis in Caski cells at 25 μM (62.6% apoptotic cells; 
P = .0009) compared with controls (3.7% apoptotic 
cells) after 72 hours of treatment (Fig. 2B). In addi-
tion, NFV treatment (15 μM) for 16 hours sensitized 
HeLa and SiHa cervical squamous cell carcinoma cells 
to x-ray irradiation (Fig. 2C). Pretreatment with NFV 
significantly decreased the initial shoulder of the radia-
tion survival curve, when sublethal DNA damage re-
pair is accumulating but has not resulted in cell death. 
Subsequently, in athymic nude mice with HeLa tumor 
xenografts, pretreatment with NFV (10 mg/kg) before 
x-irradiation resulted in significantly delayed tumor 
growth compared with radiation alone (Fig. 2D). These 
in vitro and in vivo studies provided the preclinical data 
to support the scientific rationale to evaluate whether 
NFV would further sensitize cervical cancer to ra-
diation when added to CRT in patients with cervical 
cancer. A phase 1 study was initiated to first address 
safety and is presented here (Clini​calTr​ials.gov identi-
fier NCT01485731).

Patient Characteristics
Thirteen patients with biopsy-proven, locally advanced 
carcinoma of the cervix were enrolled from January 2012 
to June 2016. Eleven patients completed 6 cycles of cis-
platin (40 mg/kg) with whole-pelvic external-beam ra-
diotherapy and brachytherapy. In total, 7 patients were 
accrued to DL1 because expansion to 6 patients was 

required after a second patient developed DLTs and 1 pa-
tient withdrew from the study. Six patients were enrolled 
at DL2. One patient at DL2 (patient 8) withdrew consent 
before initiating CRT in the setting of active cocaine use 
and paranoia. The remaining 11 patients were followed 
for toxicities and treatment response. One additional pa-
tient at DL2 (patient 12) withdrew from the study after 
5 weeks because of an inability to tolerate treatment, spe-
cifically, the inability to swallow NFV tablets and mul-
tiple gastrointestinal complaints, none of which were 
individual criteria for removal from treatment. She was 
still evaluable for toxicity. Patient characteristics are listed 
in Table 1. The mean patient age was 50 years. All patients 
at DL1 had stage IIB squamous cell carcinoma of the cer-
vix, whereas the patients at DL2 were distributed between 
stages IIA (1 patient), IIB (2 patients), IIIB (2 patients), 
and IVA (1 patient).

Toxicities
Twelve patients were evaluable for toxicity in DL1 and 
DL2 (Table 2). At DL1, 6 patients were evaluable for tox-
icity assessment. One patient experienced DLTs (grade 
4 hypokalemia and hypomagnesemia and grade 3 diar-
rhea) because of noncompliance with management of 
nausea and diarrhea. Another patient at DL1 experienced 
grade 3 vomiting for 1 day because of noncompliance 
with antiemetics, which was attributed to chemotherapy 

TABLE 1.  Clinical and Pathologic Patient 
Characteristics for Dose Level 1 and Dose Level 2

Characteristics

No. of Patients (%)

DL1, n = 7 DL 2, n = 6 Overall, n = 13

Age: Median [range], 
Years

50 [27-57] 50.5 [43-65] 50 [28-65]

Race
Black 3 (42.9) 4 (66.7) 7 (53.8)

Non-Hispanic 3 (42.9) 3 (50.0) 6 (46.2)
Hispanic — 1 (16.7) 1 (7.7)

White 4 (57.1) 2 (33.3) 6 (46.2)
Non-Hispanic — 2 (33.3) 2 (15.4)
Hispanic 4 (57.1) — 4 (30.7)

Histology
Squamous cell 7 (100.0) 6 (100.0) 13 (100.0)
Adenocarcinoma — — —

Stage, FIGO 2009
IIA — 1 (16.7) 1 (7.7)
IIB 7 (100.0) 2 (33.3) 9 (69.2)
IIIA — — —
IIIB — 2 (33.3) 2 (15.3)
IVA — 1 (16.7) 1 (7.7)

Positive pelvic lymph 
nodes on CT/PET-CT

4 (57.1) 3 (50.0) 7 (53.8)

Abbreviations: CT, computed tomography; DL1, dose level 1; DL2, dose level 
2; FIGO, International Federation of Gynecology and Obstetrics; PET, positron 
emission tomography.

https://ClinicalTrials.gov
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administration and resolved once she used oral antiemet-
ics as instructed. Grade 4 lymphopenia was observed in 1 
patient and grade 3 lymphopenia was observed in 3 pa-
tients, but these toxicities did not result in treatment de-
lays, and the patients recovered after completion of CRT. 
Another patient experienced grade 3 urinary obstruction 
and grade 3 thromboembolism, which we deemed were 
related not to NFV but to the underlying disease process. 

Grade 3 hypertension was observed in a patient who was 
not compliant with antihypertensive therapy and had 
poorly controlled hypertension before initiation of the 
trial. As stated above, 1 patient at DL1 withdrew study 
consent before the initiation of CRT and thus was not 
eligible for toxicity analysis. All other patients completed 
the treatment course with no significant delays. No pa-
tients required a dose reduction of NFV.

TABLE 2.  Incidence of Treatment-Related Adverse Events During Treatment With Nelfinavir and 
Chemoradiationa

Toxicity During NFV + CRT

Grade 1 Grade 2 G1/G2 Grade 3 Grade 4 G3/G4

DL1 DL2 DL1 DL2 DL1 DL2 DL1 DL2 DL1 DL2 DL1 DL2

Acute hematologic toxicity
Anemia 2 1 4 2 6 3 1 1
Leukopenia 1 1 4 1 5 3 3
Neutropenia 1 1 2 1 3 2 1 1
Lymphopenia 4 1 5
Thrombocytopenia 2 2

Acute nonhematologic 
toxicity
Gastrointestinal

Nausea 3 3 3 1 6 4 1 1
Vomiting 3 2 1 2 4 1 1
Diarrhea 1 2 4 2 5 4 1 1 1 1
Constipation 2 2 1 2 3
Anorexia 1 1 3 4 4 5
Flatulence 4 5 4 5
Dyschezia 2 2
Hematochezia 2 2
Abdominal pain 1 1 1

Metabolic
Hyperglycemia 5 4 1 5 5
Hyponatremia 2 5 2 5
Hypokalemia 1 4 1 2 4 1 1
Hyperkalemia 1 2 1 2 2
Hypercalcemia/

hypocalcemia
2 2 1 1

Hypomagnesemia 2 5 2 4 5 1 1
Hypoalbuminemia 3 3
Elevation of ALT/AST 2 1 2 1
Creatinine elevation 1 1 1 1 2 2

Genitourinary
Cystitis 4 2 6
Vaginal bleeding/

discharge
3 1 2 5 1

Dysuria 4 4
Hematuria 4 4 1 1
Pelvic pain 3 1 1 4 4 5

Constitutional
Fatigue 2 1 2 2 3
Flushing 2 2
Weight loss 2 2

Neuropsychological
Tinnitus 2 3 2 3
Vasomotor symptoms 2 2
Peripheral sensory 

neuropathy
2 3 2 3

Depression/anxiety 2 2
Headache 2 2
Vision changes 2 2

Abbreviations: ALT/AST, alanine and aspartate aminotransferase levels; CRT, chemoradiation; DL1, dose level 1; DL2, dose level 2; G1/G2, grade 1 and 2 toxicities 
combined; G3/G4, grade 3 and 4 toxicities combined; NFV, nelfinavir.
aToxicity was graded at each dose level according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events, version 4.02.
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Of 5 patients who were evaluable for toxicity at 
DL2, 1 experienced grade 3 nausea and ileus, which 
necessitated hospitalization for intravenous hydration, 
bowel rest, and optimization of bowel regimen. Her 
symptoms were subsequently well controlled on oral 
antiemetics and laxatives, and she was able to complete 
treatment without further delay. Another patient expe-
rienced grade 3 diarrhea that improved to grade 0 or 1 
within 24 hours of starting antidiarrheal medication. 
This patient reported difficulty swallowing pills (in-
cluding study drug) and continued to experience mul-
tiple low-grade (grade 1-2) gastrointestinal complaints 
(nausea, occasional vomiting, cramping pain, reflux, 
general malaise), and she ultimately withdrew from the 
study after 5 weeks because of an inability to tolerate 
treatment, although none of her symptoms individually 
met criteria for removal from treatment. She completed 
CRT without NFV and continued to be followed for 
toxicity and response according to the study protocol. 
All other patients completed the treatment course with-
out significant delays. One patient required a dose re-
duction of cisplatin because of impaired renal function 
secondary to obstructive uropathy from her cervical le-
sion. She experienced grade 3 hematuria, which was at-
tributed to tumor invasion into the bladder and to the 
presence of her diverting percutaneous nephrostomy 
tubes. No patients required a dose reduction of NFV. 
Although only 5 of 6 patients enrolled at DL2 were 
eligible for evaluation of response, enrollment to the 
study was terminated at this point because the RP2D 
was identified (primary endpoint) and secondary to the 
lack of funding to continue an additional expansion 
phase.

Response and Follow-Up
Table 3 illustrates treatment by NFV dosing level, radia-
tion dose, disease response at 3 months after completion 
of treatment, and disease status at the end of follow-up for 
the 11 evaluable patients. The median overall follow-up 
was 50 months (range, 14-69 months). Response to treat-
ment was assessed by radiologic (RECIST) and pathologic 
assessments 3 months after the completion of NFV and 
CRT. At DL1, 1 (16%) patient demonstrated a partial 
radiologic response, and 5 patients (83%) demonstrated 
complete radiologic response by RECIST criteria. Four 
patients at DL1 had a biopsy performed at time point D, 
and all 4 demonstrated a complete pathologic response. 
Patients 4 and 7 did not have a biopsy performed at time 
point D, and both demonstrated partial pathologic re-
sponses from biopsies performed during CRT (week 6, T

A
B

L
E

 3
. 

T
re

a
tm

e
n

t 
a
n

d
 R

e
sp

o
n

se
 t

o
 T

h
e
ra

p
y

P
at

ie
nt

 N
o

N
FV

 D
os

e,
 

m
g

S
ta

ge
: 

FI
G

O
 2

00
9

N
FV

 
C

om
p

le
te

d
E

B
R

T 
D

os
e,

 
G

y
B

T 
Ty

p
e

B
T 

D
os

e,
 

G
y

S
iz

e 
of

 
Ta

rg
et

 
Le

si
on

, c
m

R
es

p
on

se
 

b
y 

R
E

C
IS

T

P
at

ho
lo

gi
c 

R
es

p
on

se
 

A
ft

er
 

Tr
ea

tm
en

t
R

ec
ur

re
nc

e:
 

Ye
s/

N
o

Le
ng

th
 o

f 
Fo

llo
w

-U
p

, 
m

o

D
is

ea
se

 
S

ta
tu

s 
at

 
La

st
 C

on
ta

ct

1
87

5 
B

ID
IIB

Ye
s

47
.6

LD
R

24
8.

0
P

R
C

R
N

o
50

N
E

D
2

87
5 

B
ID

IIB
Ye

s
45

LD
R

24
6.

0
C

R
C

R
N

o
51

N
E

D
3

87
5 

B
ID

IIB
Ye

s
41

.4
LD

R
24

6.
0

C
R

C
R

N
o

69
N

E
D

4
87

5 
B

ID
IIB

Ye
s

45
LD

R
28

7.
0

C
R

—


N
o

68
N

E
D

5
87

5 
B

ID
IIB

Ye
s

45
LD

R
27

.9
8.

0
C

R
C

R
N

o
67

N
E

D
6

87
5 

B
ID

IIB
N

o
—


—


—


—


—


—


—


—


—


7

87
5 

B
ID

IIB
Ye

s
45

LD
R

28
N

A
C

R
—


N

o
61

N
E

D
8

12
50

 B
ID

IIB
N

o
—


—


—


—


—


—


N

o
—


—


9

12
50

 B
ID

III
B

Ye
s

39
.6

H
D

R
27

.5
5.

6
C

R
—


N

o
33

N
E

D
10

12
50

 B
ID

IIA
Ye

s
45

 +
 7

.2
H

D
R

27
.5

3.
4

C
R

C
R

N
o

33
N

E
D

11
12

50
 B

ID
III

B
Ye

s
45

 +
 9

H
D

R
27

.5
5.

0
C

R
—


Ye

s
14

D
O

D
12

12
50

 B
ID

IIB
N

o
45

 +
 9

H
D

R
30

3.
5

C
R

—


N
o

25
N

E
D

13
12

50
 B

ID
IV

A
Ye

s
45

S
ye

d
50

.4
6.

5
C

R
C

R
N

o
33

N
E

D

A
b

b
re

vi
at

io
ns

: —
, n

ot
 e

lig
ib

le
/e

va
lu

ab
le

; B
ID

, t
w

ic
e 

d
ai

ly
; B

T,
 b

ra
ch

yt
he

ra
p

y;
 C

R
, c

om
p

le
te

 re
sp

on
se

; D
O

D
, d

ea
d

 o
f d

is
ea

se
; E

B
R

T,
 e

xt
er

na
l-

b
ea

m
 r

ad
ia

tio
n 

th
er

ap
y;

 F
IG

O
, I

nt
er

na
tio

na
l F

ed
er

at
io

n 
of

 G
yn

ec
ol

og
y 

an
d

 
O

b
st

et
ric

s;
 G

y,
 g

ra
ys

; H
D

R
, h

ig
h-

d
os

e 
ra

d
ia

tio
n;

 L
D

R
, l

ow
-d

os
e 

ra
d

ia
tio

n;
 N

A
, n

ot
 a

p
p

lic
ab

le
; N

E
D

, n
o 

ev
id

en
ce

 o
f d

is
ea

se
; N

FV
, n

el
fin

av
ir;

 P
R

, p
ar

tia
l r

es
p

on
se

; R
E

C
IS

T,
 R

es
p

on
se

 E
va

lu
at

io
n 

C
rit

er
ia

 in
 S

ol
id

 T
um

or
s.



Nelfinavir and CRT in Cervical Cancer/Garcia-Soto et al

2287Cancer    July 1, 2021

at time point C2). There were no disease recurrences at 
DL1 at a median follow-up of 64 months (range, 50-69 
months).

At DL2, all patients who were evaluable for response 
demonstrated a CR according to RECIST criteria at 3 
months postcompletion of treatment. Patients 10 and 

Figure 3.  Proteomic and transcriptomic effects with nelfinavir (NFV) treatment alone at time point A versus time point B are 
illustrated. Tumor biopsies obtained (A) at baseline (pretreatment [Pre-tx]) and (B) after 1 week of NFV pretreatment (Post-NFV) 
were evaluated by H&E and p16 staining and with pAKT and pS6 immunohistochemistry (data from patient 13; original magnification 
×40; scale bar = 1 mm). (B) pAKT and pS6 were quantified using ImageJ software for all patients. The mean staining intensity (MSI) 
was evaluated in 10 randomly selected fields within the tumor per slide. Bars represent the aggregate mean MSI for all samples at 
time point A versus time point B. (C) Protein from reverse-phase protein array (RPPA) assay significantly changed (nominal P < 
.05) after NFV treatment alone. (D) Genes from the PanCancer Immune Panel significantly changed (nominal P < .05) after NFV 
treatment alone. (E) Biologic processes and pathways were significantly enriched (false-discovery rate [FDR] < 5% [except *FDR = 
6%]) among genes that were affected by NFV. KEGG indicates Kyoto Encyclopedia of Genes and Genomes.

A

C

D E

B
P < .001
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11 demonstrated partial pathologic responses on biopsy 
while on treatment at time point C; however, no biopsy 
was performed at time point D for either patient. Patient 
12 also demonstrated a partial pathologic response at time 
point C while on treatment, but no biopsy was performed 
at time point D because the patient had withdrawn con-
sent for the trial at that point. Patient 13 demonstrated a 
complete pathologic response at time point C while on 
treatment but did not have a biopsy performed at time 
point D after the completion of therapy. Patient 11 had 
disease identified outside of the radiation field in the 
paraaortic and retrocrural lymph nodes at the first 3-
month scan after the completion of treatment. She was 
treated with carboplatin, paclitaxel, and bevacizumab, 
had disease progression on therapy, and ultimately died of 
disease 14 months after diagnosis. No other recurrences 
have been reported in the DL2 cohort at a median fol-
low-up of 33 months (range, 25-33 months).

Overall, the median follow-up for the combined 
DL1 and DL2 cohorts was 50 months (range, 14-69 
months). The overall and recurrence-free survival rate was 
91% for the combined DL1 and DL2 cohorts. The lo-
coregional control rate was 100%, and no in-field recur-
rences were observed.

Correlative Tumor Studies
Immunohistochemistry

For transcriptomic and proteomic biomarker studies to 
evaluate NFV treatment effects, patients underwent cer-
vical tumor biopsies before treatment (time point A), 
after 1 week of NFV alone (time point B), at 4-6 weeks 
while receiving NFV and CRT (time points C1 and C2), 
and at 3 months (time point D) after the completion of 
treatment (Fig. 2). Cervical tumor biopsies were evalu-
ated by H&E and p16 staining to confirm cervical car-
cinoma and for signaling pathways known to be affected 
by NFV treatment, such as the PI3K/AKT pathway by 
pAKT and downstream effector pS6 staining,6,7 HIF1α 
(a marker for hypoxia24,28), and CD3/CD8 to evaluate 
T-cell infiltration29,30 by IHC (Fig. 3A,B; see Supporting 
Fig. 1). Cervical tumor H&E staining and staining for 
p16, pAKT, and pS6 at time points A and B for patient 
13 are illustrated in Figure 3A as a representative example. 
H&E, p16, CD3, CD8, HIF1α, pAkt, and pS6 analyses 
at time points A, B, C and D are illustrated in Supporting 
Figure 1, and the staining is representative of the patterns 
observed across all patients.

In all patients, H&E staining revealed abundant 
tumor at baseline (time point A) and after 7 days (time 
point B) of treatment with NFV alone (Fig. 3A). Similarly, 

p16 staining was strong and diffuse at these 2 time points 
(A and B), correlating with the presence of tumor. Islands 
of tumor were variously observed in a background of 
stroma and inflammatory infiltrate after 4 or 6 weeks at 
both DL1 and DL2 with both H&E and p16 staining. 
For the patients who had a biopsy performed 3 months 
after treatment, no tumor was observed by H&E or p16 
staining in any sample (see Supporting Fig. 1). IHC for 
pAKT performed on the DL1 samples was unsuccessful 
secondary to technical issues. At DL2, pAKT was strongly 
expressed at baseline (time point A) in tumors from all 
patients; this expression was quantified and is presented 
in aggregate in Figure 3B. After 7 days of treatment with 
NFV (time point B), strong staining of pAKT was again 
observed, but it was significantly decreased in intensity 
from the staining at time point A (Fig. 3B). Similarly, 
strong staining for pS6, a downstream target in the 
AKT pathway, was observed at baseline in the tumor. 
Staining of pS6 was present but significantly decreased 
at time point B (Fig. 3B). At time point C, pAKT and 
pS6 were observed in any remaining tumor cells and were 
more prominent in superficial squamous cell debris and 
infiltrating neutrophils and lymphocytes, but the levels 
decreased significantly overall from pretreatment levels. 
When a biopsy was taken at time point D, both pAKT 
and pS6 staining were observed in superficial squamous 
cell debris and leukocytes. Inflammatory infiltration by 
CD3 and CD8 T cells was observed in the tumor and 
the surrounding stroma at baseline (time point A) and 
persistently throughout treatment (see Supporting Fig. 
1). No clear changes were observed with treatment. In ad-
dition, no clear changes were observed in HIF1α staining 
with treatment across all time points (see Supporting Fig. 
1). In summary, NFV treatment alone appears to have 
significantly decreased pAKT and modestly decreased 
pS6 with further reduction observed with NFV com-
bined with CRT.

Protein and gene expression analysis

To further evaluate treatment effects on tumor tran-
scriptomic and protein expression, we used RPPA, the 
NanoString PanCancer Immune panel, and a NanoString 
custom panel for HPV-targeted transcripts (Custom). 
First, we studied the effect of NFV on gene and protein 
expression between samples collected at baseline before 
treatment (time point A) and after 1 week of NFV treat-
ment (time point B). Although, after correction for mul-
tiple testing, no proteins or genes reflected changes that 
passed the significance threshold, we identified 7 pro-
teins and 41 genes with upregulation or downregulation 
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that passed the nominal P < .05 significance cutoff 
(Fig.  3C,D). Several of these changes were in genes 
and proteins relating to immune function, including 
CD3G, CD3E, CD3D, CD2, CD8B, CD247, CD38, 
and CD27. Similarly, enrichment analysis of these genes 
and proteins revealed significant overrepresentation of 
changes in functions related to the regulation and activa-
tion of immune biologic processes (Fig. 3E), suggesting 
an effect of NFV treatment on the immune system and, 

specifically, on the function of T cells, although treatment 
did not appear to alter the already high levels of T-cell 
infiltration by IHC. This may represent a change in the 
functional status of the lymphocytes present.

Next, we studied changes observed between the 
samples collected at baseline (time point A) and after 
1 week of NFV treatment (time point B) and the sam-
ples collected while patients were receiving NFV with 
CRT at week 4 or week 6 (time points C1 and C2) and 

Figure 4.  The effects of nelfinavir (NFV) in combination with chemoradiation on protein and messenger RNA expression are 
illustrated. (A) Significant changes in the expression of proteins before chemoradiation (baseline and post-NFV alone) versus after 
the initiation of chemoradiation with NFV are revealed on reverse-phase protein array (RPPA) analysis at time points A and B versus 
time points C and D (false-discovery rate [FDR] < 5%). (B) Biologic processes and pathways were significantly enriched (FDR < 5%) 
among genes that were affected by chemotherapy and radiation. FC indicates fold change; KEGG, Kyoto Encyclopedia of Genes 
and Genomes.
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3 months after treatment (time point D). We identi-
fied 7 proteins that were significantly upregulated later 
in the study, whereas 13 were downregulated (FDR < 
5%) (Fig. 4A). In addition, 32 genes that were assayed 
using the NanoString Custom probes were signifi-
cantly upregulated at later time points (FDR < 5%) 
(see Supporting Fig. 3), whereas 50 were significantly 
downregulated (FDR < 5%) (see Supporting Fig. 4). 
None of the NanoString PanCancer Immune probes 
showed significant differences in expression at an FDR 
< 5%. Results of the enrichment analysis (Fig. 4B) 
demonstrated significant alterations in genes involved 
in the regulation of cell cycle, cell death, and apoptosis 
and also demonstrated significant enrichment in genes 
identified in the KEGG Pathways in Cancer, a broad 
network of genes previously identified to have roles in 
tissue invasion and metastasis, sustained angiogenesis, 
evasion of apoptosis, proliferation, genomic instability 
and damage, cell immortality, chemotherapeutic resis-
tance, and insensitivity to antigrowth signaling.31

In summary, there do not appear to be large effects 
from the initial 7 days of NFV treatment on transcript 
and protein expression in cervical tumor biopsies by 
RPPA and NanoString analyses compared with baseline, 
and the mild changes that are observed are primarily im-
mune molecular functions. Larger effects are observed 
after the initiation of CRT, which likely dominates gene 
expression changes in samples collected later in the study. 
Inhibition of cancer and cell cycle pathways is observed at 
these later time points. These studies were limited by the 
small sample size.

DISCUSSION
Despite the treatment of locally advanced cervical cancer 
with standard-of-care cisplatin and radiation, approxi-
mately 40% to 50% of women develop recurrent disease.1 
Our preclinical data demonstrating that NFV sensitizes 
cervical cancer cells to radiation both in vitro and in xeno-
graft mouse models provided the scientific rationale for 
evaluating this regimen in the clinic. We report the safety 
and the RP2D for NFV added to standard-of-care CRT 
in patients with locally advanced squamous cell cervical 
carcinoma.

Overall, the addition of NFV to standard CRT was 
well tolerated. The most common toxicities reported 
were low-grade hematologic (anemia, leukopenia, or 
neutropenia) and gastrointestinal (nausea, vomiting, or 
diarrhea) toxicities. Notably, hematologic and gastroin-
testinal toxicity are the most commonly reported adverse 

events among patients receiving standard-of-care, 
cisplatin-based CRT, with 66% of patients experiencing 
some level of leukopenia (23% of which were grade 3 or 
4) and 72% experiencing gastrointestinal events (12% 
of which were grade 3 or 4).5,32 In the current study, 
high-grade (grade 3 or 4) anemia was experienced by 
9% of patients, high-grade leukopenia was experienced 
by 27%, and high-grade neutropenia was experienced by 
9%. No patient experienced hematologic DLTs. Grade 
3 or 4 gastrointestinal toxicity was limited: high-grade 
nausea was experienced by 9% of patients, high-grade 
vomiting was experienced by 9%, and high-grade di-
arrhea was experienced by 18%. Adding an agent with 
gastrointestinal toxicity (diarrhea) to pelvic radiation, 
which already has notable gastrointestinal toxicity, was a 
concern. However, we observed that diarrhea was easily 
managed by having patients prepared to take antidiar-
rheal agents immediately upon the first sign of diarrhea. 
Patient compliance is critical, as demonstrated in this 
study. One patient did not follow instructions to take 
antidiarrheal medications and developed grade 4 elec-
trolyte imbalances. Once she took the provided loper-
amide, her diarrhea resolved, and she completed study 
treatment without further problems. Interestingly, 42% 
of patients reported low-grade constipation in addition 
to diarrhea. The only other grade 3 or 4 toxicity was 
grade 3 hematuria in 1 patient at DL2, which was deter-
mined to be related to her underlying disease and not to 
treatment. Overall, the addition of NFV to CRT did not 
result in a significant increase in hematologic or nonhe-
matologic toxicities compared with those reported using 
CRT alone.

The RP2D of NFV was determined to be DL2 
(1250 mg twice daily). This is similar to the RP2D de-
termined for NFV in combination with cisplatin, gem-
citabine, and radiation for locally advanced pancreatic 
cancer and for unresectable stage IIIA/IIIB nonsmall cell 
lung cancer.10,18 Notably, NFV 750 mg twice daily was 
previously established by Buijsen et al in combination 
with capecitabine and radiotherapy in locally advanced 
rectal cancer, the only other trial to evaluate NFV in con-
junction with pelvic CRT.17

As discussed above, the addition of NFV to standard-
of-care CRT demonstrated an improvement in disease 
response compared with historic controls in early phase 
trials for various disease sites. The addition of NFV to 
standard cisplatin, gemcitabine, and radiation resulted 
in a 20% increase in the response rate (50% vs 30%) 
compared with historic controls in locally advanced 
pancreatic cancer.10 Buijsen and colleagues reported 
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a pathologic CR rate of 27%, and an additional 36% 
of their patients demonstrated a major pathologic re-
sponse compared with 10% to 33% historically who 
received standard-of-care CRT.17 The addition of NFV 
to cisplatin-based CRT for unresectable stage IIIA/
IIIB non-small cell lung cancer increased median over-
all survival to 41.1 months compared with 17 months 
in historic controls.18,19 Across all disease stages in lo-
cally advanced cervical cancer, historical trials with 
cisplatin-based CRT alone demonstrated a progression-
free survival rate of 67% at 24 months.5 The efficacy 
of NFV added to standard-of-care CRT for locally 
advanced cervical cancer in our phase 1 trial demon-
strated an overall survival and recurrence-free survival 
rate of 91% at a median of 50 months. Only 1 patient 
experienced disease recurrence, which was noted at the 
first posttreatment imaging assessment while on study 
(a recurrence to para-aortic lymph nodes, outside the 
radiation field). These findings are consistent with our 
preclinical data indicating that NFV is a radiosensitizer. 
However, given the small sample size, definitive conclu-
sions about the added effect of NFV to standard CRT 
cannot be drawn. Further investigation of combination 
CRT with or without NFV in a phase 2/3 clinical trial 
is merited given these promising results.

It is critical to identify biomarkers for validating 
target engagement and, ideally, drug response to justify 
the use of targeted therapies in the clinic. Toward this 
goal, the accessibility of the cervix for in-office biopsy 
enabled a unique evaluation of gene and protein expres-
sion at multiple points before and throughout treat-
ment. Cervical tumor biopsies were evaluated by IHC 
as well as by RPPA and NanoString profiling. Because 
biopsies were taken at baseline (time point A), after 1 
week of NFV treatment alone (time point B), during 
NFV and CRT at week 4 or 6 (time points C1 and C2), 
and 3 months after treatment completion (time point 
D), we were able to compare the effects of NFV treat-
ment alone with baseline biopsies (time point A vs time 
point B) (Fig. 3; see Supporting Fig. 2) and to compare 
the profile of tumors before versus after the initiation 
of CRT (time points A and B vs time points C and D) 
(Fig. 4; see Supporting Figs. 3 and 4).

It has been proposed that the downregulation of 
the PI3K-Akt pathway by NFV is mediated by the in-
hibition of proteasome activity, which results in endo-
plasmic reticulum stress, and that the ensuing unfolded 
protein response activates signaling, which results in the 
dephosphorylation of Akt by PP1/GADD34 complexed 
phosphatase.33 As predicted, NFV pretreatment alone 

resulted in the significant downregulation of pAkt and its 
downstream target pS6 on IHC, and this downregulation 
continued to be observed throughout CRT. Although it 
was previously demonstrated that NFV downregulated 
Akt activation in peripheral blood mononuclear cells, to 
our knowledge, this is the first demonstration that NFV 
treatment indeed downregulates the Akt pathway in the 
target tumor in human patients.10 No changes were noted 
in mRNA levels for Akt or S6 using NanoString profiling, 
likely reflecting that the signaling in this pathway is mod-
ulated through protein phosphorylation as opposed to 
transcriptional regulation. Future studies with NFV and 
CRT should consider including IHC staining for pAkt 
and pS6 as a pharmacodynamic biomarker for initial tar-
get engagement.

It also has been demonstrated that NFV downregu-
lates HIF1α, which is induced by hypoxic conditions and 
functions as a key signaling factor to promote hypoxic ad-
aptation and cell survival.28,34 NFV has also been shown 
to increase oxygenation to tumor, which has been pro-
posed as a potential mechanism for the radiosensitizing 
effects of NFV.28,35 However, we did not observe changes 
in HIF1α with NFV or CRT. This likely reflects the sig-
nificant instability of the HIF1α protein, which is rapidly 
degraded within minutes if the hypoxic environment is 
not maintained, potentially precluding an accurate assess-
ment of protein levels in patient-derived biopsies, given 
the inherent delays in fixing and processing clinically ob-
tained fresh biopsies.36

There was a significant infiltration of lymphocytes 
(CD3 and CD8) appreciated in the majority of cervical 
tumors at baseline on IHC. In contrast to other studies, 
which have demonstrated changes in levels of inflamma-
tory infiltrates throughout treatment, our studies showed 
relatively stable levels of CD3 and CD8 T cells within 
the tumor and stroma. Given the limited sample size, we 
cannot draw definite conclusions, but a study by Lippens 
et al demonstrated that a stable or decreasing CD8 score 
was correlated with better cause-specific survival in 
women with cervical carcinoma who received CRT fol-
lowed by hysterectomy.37 There were modest changes in 
markers of immune response, including T-cell activation, 
T-cell receptor signaling, and regulation of lymphocyte 
and leukocyte activation, such as KIR2DS1, KLRG1, 
CD3G, CD3E, CD3D, CD2, CD8B, CD247, CD38, 
and CD27. Functional activation of these immune pop-
ulations was not evaluated but could be considered for 
future studies.

Overall, for the 1335 probes for genes and the 
>300 phosphorylated and total proteins assayed using 
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NanoString profiling and RPPA, modest differences 
in expression between the various time points of the 
study were observable (Figs. 3 and 4). However, there 
did not appear to be a significant effect of initial NFV 
administration (time point B) compared with baseline 
(time point A). These probes evaluated a broad range of 
genes and proteins across a variety of cellular functions, 
including cellular metabolism, cell cycle regulation, cel-
lular adhesion, and biosynthesis. It is possible that it 
takes longer than 1 week for NFV alone to have signif-
icant effects on most gene and protein expression that 
is not directly affected by the unfolded protein response 
or is not directly involved in the targeted PI3K/Akt   
pathway.

The effects of CRT tended to dominate gene and 
protein expression in samples collected later in the study 
(at time points C and D). This was a phase 1 study 
without a comparator group of patients receiving only 
CRT without NFV; therefore, we are unable to draw 
conclusions regarding whether NFV combined with 
CRT altered gene expression beyond the genetic and 
proteomic changes that would be observed with CRT 
alone. Furthermore, although biopsies were taken of 
areas that grossly appeared to be involved with tumor, 
our pathologic findings demonstrated lower than ex-
pected levels of tumor even at 4 to 6 weeks after the 
initiation of CRT (time points C1 and C2). We do note 
a significant decrease in the expression of p16 on RPPA 
after the initiation of CRT, consistent with the decreased 
tumor burden in the later samples identified by H&E 
and p16 staining on pathology. Given these findings, 
the gene and protein profile of samples collected later 
in the study may be more reflective of the remaining 
cervical stroma and inflammatory infiltrate rather than 
of changes in the tumor itself. In future studies, consid-
eration should be given to a biopsy collected earlier in 
the course of CRT to better capture transcriptomic and 
proteomic changes in the tumor itself.

In summary, this phase 1 clinical trial demonstrates 
the safety and tolerability of NFV to standard-of-care, 
cisplatin-based CRT in patients with locally advanced 
squamous cell cervical carcinoma. Clinical outcomes are 
promising compared with historic controls. A random-
ized phase 3 trial, with an NFV dose of 1250 mg twice 
daily, is now ongoing to evaluate the efficacy of NFV 
with CRT in cervical cancer (Clini​calTr​ials.gov identifier 
NCT03256916). Studies evaluating NFV in combina-
tion with CRT are also underway in other disease sites, 
including vulvar cancer (Clini​calTr​ials.gov identifier 
NCT03256916).
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