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Abstract

Background—AT-101 is a BCL-2 Homolog domain 3 mimetic previously demonstrated to have 

tumoricidal effects in advanced solid organ malignancies. Given the evidence of activity in 

xenograft models, treatment with AT-101 in combination with docetaxel is a therapeutic doublet of 

interest in metastatic head and neck squamous cell carcinoma.

Patients and Methods—Patients included in this trial had unresectable, recurrent, or distantly 

metastatic head and neck squamous cell carcinoma (R/M HNSCC) not amenable to curative 

radiation or surgery. This was an open label randomized, phase II trial in which patients were 

administered AT-101 in addition to docetaxel. The three treatment arms were docetaxel, docetaxel 

plus pulse dose AT-101, and docetaxel plus metronomic dose AT-101. The primary endpoint of 

this trial was overall response rate.

Results—Thirty-five patients were registered and 32 were evaluable for treatment response. 

Doublet therapy with AT-101 and docetaxel was well tolerated with only 2 patients discontinuing 

therapy due to treatment related toxicities. The overall response rate was 11% (4 partial responses) 

with a clinical benefit rate of 74%. Median progression free survival was 4.3 months (range: 0.7–
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13.7) and overall survival was 5.5 months (range: 0.4–24). No significant differences were noted 

between dosing strategies.

Conclusion—Although met with a favorable toxicity profile, the addition of AT-101 to docetaxel 

in R/M HNSCC does not appear to demonstrate evidence of efficacy.
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Introduction

Unresectable recurrent and/or distant metastatic head and neck squamous cell carcinoma 

(R/M HNSCC) is a terminal diagnosis in which the goal of treatment remains palliative. It 

carries a median survival of approximately 10 months with aggressive first line therapy[1]. 

As traditional cytotoxic agents have demonstrated little improvement in survival there has 

been interest in molecularly targeted therapy. Multiple drugs have been studied with limited 

success with the exception of the epidermal growth factor receptor (EGFR) monoclonal 

antibodies cetuximab [1,2] and afatinib[3]. Although a signal of efficacy has been noted with 

the multi-receptor tyrosine kinase inhibitor (TKI) axitinib[4], other TKIs and vascular 

endothelial growth factor (VEGF) directed therapies have demonstrated no evidence of 

clinical benefit. Therefore, advances in targeted therapy in R/M HNSCC are urgently 

needed.

The B-cell Lymphoma 2 (BCL-2) protein is a potent intracellular anti-apoptotic 

regulator[5,6], and facilitates solid tumor progression via cross-talk between tumor cells and 

endothelial cells[7]. BCL-2 is up-regulated by signaling via VEGF[8]. Overexpression of 

BCL-2 also results in increased microvascular development and tumor growth with in vivo 
models, and up-regulates the pro-angiogenic chemokine C-X-C motif Ligand 8 (CXCL8 or 

IL-8). CXCL8 has been shown to increase endothelial cell proliferation and migration[9,10].

The VEGF-BCL2-CXCL8 pathway presents an appealing opportunity for directed therapy 

in head and neck cancers. A significant proportion of HNSCC tumors have elevated BCL-2 

protein expression[11,12], with a 60,000-fold higher expression on endothelial cells of 

HNSCC samples compared with expression in normal oral mucosa endothelial cells[13]. An 

elevated BCL-2 level also portends a worse clinical outcome in HNSCC[14,15], including 

resistance to typical antineoplastic chemotherapy with cisplatin[16].

A number of BCL-2 Homolog domain 3 (BH3) mimetic compounds have been formulated, 

including the molecule AT-101, derived from the cotton plant molecule (-)-gossypol[17]. 

AT-101 was shown to delay tumor progression and treatment failure in xenograft models 

with humanized endothelial cells[18]. AT-101 acted to provide additive anti-tumor and anti-

tumor endothelial cell toxicity with docetaxel. Mathematical modeling of the BCL2 pathway 

suggested that metronomic dosing could provide optimal efficacy[19]. The model-based 

predictions were validated in a series of preclinical studies[18]. Metronomic dosing 

strategies have been evaluated with a number of traditional cytotoxic chemotherapy 
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trials[20–22], but with little depth WHAT DOES WITH LITTLE DEPTH MEAN? 

SUGGEST REPHRASING using molecularly targeted therapies.

(-)-Gossypol and AT-101 has been explored in numerous phase I and II clinical studies. Both 

have been found to be well tolerated with a low incidence of serious adverse effects[23–25]. 

However, phase II trials involving diverse malignancies have yielded conflicting 

results[26,25] [24,27]. No clinical trial has been performed examining efficacy in squamous 

cell carcinomas of the head and neck. Given the known molecular abnormalities of the 

VEGFR-BCL2-CXCL8 pathway in HNSCC, the preclinical data regarding efficacy of 

AT-101, and the suggestion of additive benefit of metronomic dosing, we conducted a single 

institution phase II trial to characterize the efficacy of AT-101 in patients with R/M HNSCC.

Methods

Patient eligibility

This was a phase 2, three-arm, randomized, open label trial approved by the Institutional 

Review Board (IRBMED) of the University of Michigan Comprehensive Cancer Center 

(UMCCC). All patients were provided written informed consent. Patients ≥ 18 years old 

with unresectable R/M HNSCC were eligible. All patients must have received no more than 

two prior lines of systemic chemotherapy for HNSCC in the locally advanced or metastatic 

setting and relapsed or become refractory to therapy. Systemic therapies given in the 

adjuvant setting or with chemoradiotherapy were counted if the patient relapsed a minimum 

of 6 months after the last cycle of chemotherapy or completion of radiation. All patients had 

histologically documented HNSCC, the presence of measurable disease by computed 

tomography (CT) scan, an ECOG performance status of 0–1, and a life expectancy of ≥12 

weeks. Patients had to have adequate hematopoietic, hepatic, and renal function defined as: 

absolute neutrophil count ≥ 1.5x109 cell/ml, platelets ≥100,000 cells/mm3, hemoglobin ≥ 

9.0 g/dL, concentrations of total serum bilirubin within 1 time the upper limit of normal 

(ULN), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) within 2.5x 

institutional upper limits of normal unless there were liver metastases in which case AST 

and ALT within 5.0×ULN, serum creatinine clearance ≥ 60 ml/min). Women of childbearing 

potential must have had a negative serum or urine pregnancy test within 3 days prior to 

treatment initiation.

Eligible patients were required to have no prior treatment with docetaxel in the metastatic 

setting. Patients were excluded if they were unable to take oral medications, had grade 3 or 4 

cardiac disease defined by the New York Heart Association, or symptomatic or greater than 

grade 2 hypercalcemia. Additional exclusion criteria included prior use of gossypol or 

AT-101, uncontrolled intercurrent illness, history of venous thromboembolism, or untreated 

central nervous system (CNS) metastases. Patients with previously known and treated CNS 

metastases were eligible if they were neurologically stable and not requiring steroids at 

enrollment.
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Treatment plan

Patients were initially randomized to one of three arms; Arm A (docetaxel alone), Arm B 

(docetaxel plus pulse dose AT-101), or Arm C (docetaxel plus metronomic AT-101) (Figure 

1). In all three arms, cycle length was 21 days with Docetaxel given on day 1 with a starting 

dose of 75 mg/m2. Arm B (pulse dose AT-101) consisted of AT-101 being administered at a 

dose of 40 mg B.I.D. on days 1–3 and in Arm C (metronomic AT-101) AT-101 was delivered 

as 20 mg daily days 1–14. After two cycles on the allocated arm specific therapy, all patients 

had a planned switch to Arm C (metronomic AT-101 + Docetaxel). Therapy was continued 

for a total of 10, 21-day cycles of treatment or until unacceptable toxicity/disease 

progression occurred.

Pretreatment assessment of enrolled patients included a complete history and physical 

examination, baseline laboratory studies (CBC with differential, comprehensive metabolic 

profile, electrocardiogram (ECG), serum or urine pregnancy test as indicated), and 

radiographic staging studies (CT Neck/Chest and others as clinically warranted). All 

screening assessments were completed within 28 days prior to the start of treatment. A 

correlative analysis of serial tumor tissue specimens was also performed. When available, 

tumor tissue from the last applicable surgery or biopsy was collected and stored for 

correlative analyses. In addition, an optional tissue biopsy was collected after the second 

cycle of chemotherapy to assess the effect of AT-101 on tumor vascularization.

Evaluation of response

Imaging studies for evaluation of response of target radiologic lesions were performed 

starting after three cycles after treatment initiation and continued at 6 week intervals. Target 

lesions were followed on each imaging study and analyzed primarily by following the sum 

of the largest diameter of all target lesions. Secondary radiologic evaluation data points 

included number of lesions, size of largest lesions, and location of target lesions. Radiologic 

response was assessed according to RECIST v1.0. During the first two cycles, if any patients 

were noted to progress in Arms A or B by clinical exam or radiologic imaging, the patients 

were switched to Arm C. Patients in Arm C were taken off trial at any point if there was 

radiographic evidence of tumor progression. When feasible, a repeat biopsy was obtained 

after the second cycle of chemotherapy for the purposes of correlative analyses.

Statistical considerations

The primary objective of this study was estimate the rate of clinical benefit (defined as 

complete response (CR), partial response (PR), or stable disease (SD)) associated with a 

regimen combining docetaxel and AT-101. Based on this endpoint, the trial was designed to 

detect an improvement in the rate of clinical benefit of 50% versus 30% with a target accrual 

of 48 patients. This trial design provided 85% statistical power and 4.7% overall type I error 

rate. Secondary objectives included survival, toxicity, and quality of life. Exploratory 

biological correlates were also performed as a secondary endpoint. Initial randomization to 

one of three arms was performed only to enable exploratory biologic analyses. Response 

endpoints from patients in all three groups were pooled for evaluation of the primary 

objective. On interim analysis after enrollment of 35 patients a lack of improvement in 

survival was noted hence the trial was stopped due to futility.
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Treatment-related adverse events were graded according to the Common Terminology for 

Adverse Events version 4.0 (CTCAE v4). Treatment response was evaluated by Response 

Evaluation Criteria in Solid Tumors (RECIST version 1.0). Best overall response was 

defined as the best response achieved within 30 days of last treatment. 95% confidence 

intervals for disease control rates (overall and by treatment arm) are presented using an exact 

binomial distribution for calculation of the standard error. Overall survival was defined as 

the time from study enrollment to death from any cause. Progression-free survival was 

defined as the time from study enrollment until disease progression or death. Data were 

censored at the last follow-up for patients who were progression-free or alive at the time of 

analysis. Median survival times were computed using the Kaplan-Meier method with 

standard error computed using Greenwood’s formula. Analysis of Variance (ANOVA) was 

used to evaluate changes of (log transformed) biomarkers before and after therapy across 

randomized treatment arms. All analyses were done using SAS 9.4 software.

Results

Patient characteristics

Thirty five patients were enrolled, 13 of whom were treated in Arm A, 11 each in Arms B 

and C. The patient characteristics are summarized in Table 1 and were well balanced 

between the three arms. The median age of enrolled patients was 57 years (range: 34.0–

75.0). The majority of patients were male (n=29, 88%), Caucasian (n=29, 97%), and had 

isolated distant metastases (n=14, 42%). Human papillomavirus (HPV) status was available 

for 27 patients, which demonstrated a slight predominance of HPV negative versus positive 

tumors (16 vs. 11 patients, 47% vs. 31%, respectively). The oropharynx was the most 

common primary site of disease (n=12, 36%). Patients included in this trial were heavily 

pretreated (32 patients with >1 line of therapy in the R/M setting) and 91% were refractory 

to platinum therapy (32 pts).

Toxicity

Treatment with AT-101 containing regimens was tolerated relatively well with only 6% (2 

patients) discontinuing treatment due to toxicity (Table 2). Twenty three percent (12 

patients) of patients required dose modifications, most commonly for hematologic toxicities. 

A mean duration of therapy was 4 cycles (range: 1–8 cycles). Hematologic toxicities were 

the most common treatment related toxicities (Table 3) of which eleven episodes of grade 3–

4 lymphopenia and 5 episodes of grade 3–4 anemia were noted. Although no formal 

statistical analysis could be performed between dosing schedules (Arms A-C), no 

differences in treatment tolerability or toxicities were grossly apparent.

Efficacy

The response rate of the entire study cohort was 11% and an additional 66% achieving stable 

disease (SD) with a rate of clinical benefit (CR, PR, or SD) of 74%. The median progression 

free survival (PFS) was 4.3 months (range: 0.7–13.7) with a median overall survival (OS) of 

5.5 months (range: 0.4–24). The 6 month PFS was 24% (95% Confidence Interval: 9–42). 

No statistical difference in OS and PFS were noted between patients based on HPV status 

although there was a trend towards improved OS in the HPV positive population.
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Due to small sample sizes, formal statistical analysis was not performed between dosing 

schedules. However, patients in Arm A appeared to have a superior median OS and rate of 

clinical benefit when compared to the other arms although a relatively large range of patient 

survival outcomes were noted. Three patients stopped treatment prior to response evaluation 

after cycle 2; two in Arm A, one in Arm B. Of the patients who came off trial in Arm A, one 

was due to unacceptable treatment related toxicity whereas the other was due to intercurrent 

illness. Treatment was stopped in the patient in Arm B due to non-adherence with no 

associated treatment related toxicity.

Correlative studies

Serum correlative studies were performed on patient samples obtained at the time of 

enrollment and at the patient visit closest to 42 days. Samples were gathered for 35 patients 

total in the three treatment arms. Cytokines analyzed included CXCL1 and CXCL8. The log 

change in serum level from baseline was analyzed for CXCL1 and CXCL8. The differences 

between treatment arms were minor and not statistically significant (p = 0.30 and p = 0.15 

for CXCL1 and CXCL8, respectively) (Figures 23).

Discussion

This phase II trial is the first to evaluate the activity of the BH3 mimetic AT-101 in R/M 

HNSCC. This randomized, three arm, phase II trial demonstrates that although AT-101 was 

associated with a tolerable toxicity profile, the combination of AT-101 with docetaxel did 

not provide an incremental clinical benefit when compared to historic controls[28,29].

Given the frequent dysregulation of BCL-2 and p53 in R/M HNSCC[30], therapy with BH3 

mimetics has the potential to inhibit the hedgehog pathway, inhibit angiogenesis, augment 

chemotherapy induced apoptosis, and reverse chemoresistance[16,18,31,32]. Previous in 

vitro studies have demonstrated this activity[33,32,34], including in HNSCC cell lines[18]. 

However, results regarding the clinical efficacy of AT-101 have been mixed with various 

trials showing both efficacy[26,25] and futility[24,27,35] in varying malignancies. Although 

these lines of preclinical and early phase trials demonstrate evidence of activity, median 

overall survival in our study was not significantly different from previous trials examining 

activity of single agent cytotoxic compounds in platinum refractory R/M HNSCC (3.7–6.8 

months)[28,29].

Comparative toxicity assessments using historical controls are difficult since past studies 

with single agent docetaxel in R/M HNSCC have either incorporated different dosing 

schedules[29] or were used as different lines of therapy from what was administered in this 

trial.[36] However, when compared,[36] the addition of AT-101 to docetaxel does not seem 

to result in additional toxicities. The most notable adverse effects were hematologic in 

nature. Although 31% of patients had grade 3–4 lymphopenia, only 2 patients discontinued 

therapy as a result of unacceptable toxicities, demonstrating the feasibility and tolerability of 

this novel doublet regimen.

Various dosing regimens were evaluated in an exploratory analysis for signal of efficacy 

including initial pulse (Arm B) versus metronomic dosing (Arm C). The concept of the 
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superiority of metronomic dosing versus pulse dosing is based on the fact that as malignant 

cells may have varying rates of replication, slow dividing cells may be less affected by high 

dose episodic chemotherapy, whereas the addition of a continuous agent may lead to 

tumoricidal synergy. In addition, this dosing schema could limit the time for malignant cells 

to repair between chemotherapy doses and lead to greater cytotoxic effect[37,38]. Mixed 

data have emerged regarding metronomic dosing which is complicated by its evaluation in 

different tumor types with various chemotherapeutic regimens[21,39,40]. Previous in vitro 

evidence from head and neck cell lines demonstrated more potent activity when AT-101 was 

administered in a metronomic fashion with docetaxel[18] validating mathematical 

models[19]. Although numbers were too small to draw formal comparisons, our data 

suggests that despite preclinical evidence, there is no difference in efficacy between dosing 

regimens. Arm A was noted to have a higher rate of clinical benefit than Arms B and C. 

Similarly, median OS was longer in Arm A but the wide range of survival outcome in each 

arm rendered it difficult to identify the true meaning of this finding. Metronomic dosing has 

been proposed to be a method to lower the rate of side effects compared to pulse dosing; 

however, in our study, no gross differences in toxicity profiles were noted between the three 

dosing regimens.

In conclusion, combined therapy with AT-101 and docetaxel does not provide an incremental 

clinical benefit in R/M HNSCC. Although analysis of dosing regimens was limited due to 

sample size, no apparent benefit was seen with metronomic dosing. The lack of response to 

AT-101 may reflect the dysregulation of multiple cellular pathways and tumor heterogeneity 

in heavily pretreated R/M HNSCC. Future studies regarding the use of AT-101 could 

evaluate the incorporation of this targeted therapy in the management of loco-regionally 

advanced HNSCC as primary therapy.
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Figure 1. Trial Schema
This figure graphically demonstrates the trial schema employed in this Phase II trial.
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Figure 2. Differences in CXCL1 between Groups
This figure illustrates the log change in serum levels of CXCL1 between treatment arms.
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Figure 3. Differences in CXCL8 between Groups
This figure illustrates the log change in serum levels of CXCL8 between treatment arms.
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Table 3
Treatment Related Toxicities

This table demonstrates the numbers of events of major toxicities observed in patients treated with docetaxel 

and AT-101 for HNSCC

Grade 1–2

TOXICITY Overall Arm A (Docetaxel) Arm B (Pulse Dose AT-101) Arm C (Metronomic AT-101)

Anemia 39 17 14 8

Lymphopenia 33 9 15 9

Fatigue 15 7 5 3

Thrombocytopenia 7 4 1 2

Alopecia 4 2 1 1

Nausea 3 0 3 0

Neutropenia 2 2 0 0

Grade 3–4

TOXICITY Overall Arm A (Docetaxel) Arm B (Pulse Dose AT-101) Arm C (Metronomic AT-101)

Lymphopenia 11 4 4 3

Anemia 5 4 1 0

Nausea 2 1 1 0

Vomiting 1 0 1 0

Peripheral Edema 1 0 1 0

Hypoxia 1 0 0 1

Neutropenia 4 3 1 0
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