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OBJECTIVES 
1.1. PRIMARY OBJECTIVE 

1.1.1. To determine the maximum tolerated dose (MTD) and dose-limiting toxicities (DLT) of 

combination treatment with sirolimus or everolimus or temsirolimus and vorinostat in patients 

with advanced cancer who have progressed on standard therapy. 

1.2. SECONDARY OBJECTIVES 
1.2.1. Determine preliminary assessment of antitumor efficacy of the combination of sirolimus 

or everolimus or temsirolimus and vorinostat in advanced cancer. 

1.2.2. Define the pharmacokinetic (PK) profile of the combination of sirolimus or everolimus or 

temsirolimus and vorinostat. 

1.2.3. Define the pharmacodynamic (PD) profile of the combination of sirolimus or everolimus 

or temsirolimus and vorinostat. 

 

BACKGROUND 
1.3. ROLES OF THE PIK3-AKT PATHWAY AND HDAC IN CANCER 

The Mammalian Target of Rapamycin (mTOR), a phosphatidylinositol 3-kinase (PI3K)-related 

serine/threonine kinase, plays a central role in regulating cell growth, proliferation, and survival 

through interaction with other proteins such as raptor [forming mTOR complex 1 (mTORC1)] 

and rictor [forming mTOR complex 2 (mTORC2)]. 1  Activation of mTOR via cellular signals, 

including nutrients and growth factors, effects the phosphorylation and activation of p70S6 

kinase (p70S6K).  This results in phosphorylation of S6 ribosomal protein and increased 

translation of mRNAs with a 5’-terminal oligopyrimidine, including mRNAs that encode for 

ribosomal proteins.  Additionally, mTOR directly phosphorylates 4E-BP1 and subsequently 

increases the availability of functional eIF4E. Thus, the translation of mRNAs that are important 

for the control of the cell cycle, such as cyclin D1 and c-Myc, is augmented. 2  PI3K/Akt 

signaling is one of the major cell survival pathways.3 Activation of PI3K/Akt or deletion of its 

repressors (i.e., PTEN) is associated with uncontrolled proliferation and resistance to apoptosis. 
4   mTOR, downstream of PI3K/Akt, is phosphorylated in response to PI3K/Akt activation.  The 

mTOR pathway is constitutively activated in different human cancers, including ovarian, breast, 
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colon and glioblastoma. 5,6 Therefore, mTOR is an attractive target for anticancer therapies.  

Paradoxically, mTOR inhibition, can lead to increased p-AKT through disruption of a p70S6K-

dependent negative feedback loop. This mechanism could be responsible for resistance to 

mTOR inhibitors.  A phase I trial in patients with glioblastoma showed that in a subset of 

patients, sirolimus activated the Akt pathway, accelerating disease progression. 7  Developing 

targeting strategies that can abrogate p-Akt upregulation in response to mTOR inhibition is thus 

a putatively desirable approach for overcoming resistance to this family of drugs.   

 

The regulation of gene transcription is largely determined by the chromatin structure. 8  

Nucleosomes, composed of a protein core of histones spanning over 200 base pairs of DNA, 

constitute the repeating and fundamental organizational units of chromatin.   Posttranslational 

modifications of chromatin histones are key regulators of gene expression.9 These modifications 

include acetylation/deacetylation of lysines in the tails of the core histones controlled by the 

balanced action of histone deacetylases (HDACs) and histone acetyltransferases (HATs).  This 

well-tuned, sensitive balance between the HDAC and HAT enzyme families, are essential for 

maintaining normal cell growth. 10  In addition, HDACs also target nonhistone proteins, such as 

p53, tubulin, transcription factors and others.  Aberrant expression of HDACs has been 

associated with diverse leukemias, lymphomas, and solid tumors. 11  Thus, inhibitors of HDACs 

(HDACi) are potential candidates for restoring the normal homeostatic balance of cellular 

enzymes as a novel approach to target cancer.  Of note, some of these compounds have shown 

direct activity as PI3K inhibitors. 11 Moreover, HDACi induces acetylation of Heat Shock Protein 

90 (Hsp90), thus impairing its function and leading to polyubiquitination and increased 

degradation of some of its client proteins including p-Akt. 12 

 

1.4. SIROLIMUS (Rapamune®) 

1.4.1. Mechanism of action 

Sirolimus is a macrocyclic lactone produced by Streptomyces hygroscopicus, which has 

immunosuppressive, antimicrobial and antitumor properties. 13  Sirolimus binds intracellularly to 

FKBP-12, a member of the immunophilin class of proteins and the resultant complex inhibits the 
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functions of mTOR.  Consequently, sirolimus inhibits S6K and 4EBP1 phosphorylation, 

decreasing the translation of mRNAs critical for the progression of the cell cycle such as cyclin 

D1. 14  As a result, exposure of cancer cells to this drug causes cell cycle arrest and induces 

apoptosis. 13  mTOR signaling plays a key role in hypoxia-triggered angiogenesis.  Sirolimus 

reduces transcription of hypoxia inducible factor (HIF1α) and subsequently leads to decreased 

production of VEGF, thus not surprisingly; sirolimus has demonstrated antiangiogenesis effects 

in preclinical cancer models. 15  

 

1.4.2. Preclinical studies 

 

Efficacy in vitro 

Sirolimus inhibits the proliferation of different tumor cell lines, including rhabdomyosarcoma, 

small cell lung cancer, neuroblastoma, glioblastoma, osteosarcoma, breast cancer, prostate 

cancer, pancreatic cancer, murine melanoma, leukemia, and B-cell lymphoma. 16-20  mTOR 

inhibition leads to blockage in the initiation of cap-dependent translation of mRNAs that encode 

for proteins essential for cell-cycle progression.  This leads to cell cycle arrest in the G1 phase 

in different cell lines. 21  This cytostatic response may lead to apoptosis in the absence of p53 or 

p21. 22  In addition sirolimus may induce p53-independent apoptosis and it has produced 

antiangiogenic effects through the inhibited expression of HIF-1α and VEGF in vitro. 23-25  

Sirolimus demonstrated similar tumor profiles and potency as temsirolimus when both drugs 

were tested in the National Cancer Institute Human Tumor Cell Line Screen.  IC50 values were 

<0.01µM in different cell lines, including human prostate, breast, small-cell lung carcinomas, 

glioblastoma, melanoma and T-cell leukemia. 

 

Efficacy in vivo 

A significant suppression of tumor growth with sirolimus was observed in a mice model of liver 

metastasis. 25  In a highly metastatic model of hepatocarcinoma in nude mice, sirolimus at 

doses of 2 mg/kg prevented tumor growth by downregulating HIF-1a expression and 

suppressing VEGF expression. 26  An elegant study in which a sirolimus-resistant form of mTOR 
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was expressed in head and neck squamous cancer cells (HNSCC), rendering HNSCC 

xenografts resistant to sirolimus, showed that sirolimus inhibited tumor growth by targeting 

cancer cells rather than the stroma. 27 

 

Pharmacokinetic studies 

Pharmacokinetic studies in monkeys, rabbits and rats have shown that sirolimus is rapidly 

absorbed.  Sirolimus has a half-life of >9.5 hours after oral dosing in all animal species tested 

except for a single study with monkeys, which demonstrated a half-life of 5.6 hours.  A 

substantial proportion of the drug is distributed into extravascular tissue, as shown by high 

volumes of distribution ranging from 2.56 L/kg (rabbits) to 10.8 L/kg (rats). 28 

 

Toxicologic studies 

Carcinogenicity studies conducted in rats at doses equal to or lower than the clinical dose of 2 

mg daily did not produce significant findings.  In contrast, however, when the dose of sirolimus 

was increased by 30 to 120 times the 2 mg daily clinical dose, a statistically significant increase 

in malignant lymphoma was effected at all dose levels compared with controls. 

Sirolimus diminished fertility in female and male rats following oral administration at doses 2 or 

10 times the clinical dose of 2 mg daily, respectively.  Reduction of the sperm count in male rats 

was reversible upon cessation of dosing. 29 Overall, these findings show that sirolimus at 

clinically used doses is not expected to impair fertility or be carcinogenic. 

1.4.3. Clinical experience with sirolimus  

 

Clinical activity 

Sirolimus has gained regulatory approval by the US Food & Drug Administration (FDA) for 

prophylaxis of organ rejection in patients 13 years and older receiving renal transplants.  The 

safety and efficacy of  an oral solution of sirolimus for the prevention of organ rejection following 

renal transplantation were assessed in two randomized, double-blind, multicenter, controlled 

trials.  Sirolimus was always administered in combination with cyclosporine and corticosteroids.  

In both studies, the primary efficacy endpoint was the rate of efficacy failure in the first 6 or 12 
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months after transplantation.  Efficacy failure was defined as the first occurrence of an acute 

rejection episode (confirmed by biopsy), graft loss, or death.  The first study compared two dose 

levels of an oral solution of sirolimus (2 or 5 mg, once daily) with azathioprine.  719 patients 

were enrolled in this trial.  The incidence of efficacy failure at 6 months with azathioprine was 

32.3%, while for sirolimus at 2 mg/day or 5 mg/day, the efficacy failure was 18.7% or 16.8% 

with, respectively.  This difference was statistically significant at the <0.025 level. 30  A second 

study randomized 576 patients to sirolimus 2 or 5 mg/day or placebo.  The 12-month efficacy 

failure with placebo was 50%, which was reduced with an oral solution of sirolimus of 2 or 5 

mg/d to 35% (P=0.002) and 31% (P<0.001), respectively. 31  There was no significant difference 

in efficacy between the two dosing-schedules of sirolimus.  

 

The safety and efficacy of sirolimus oral solution and sirolimus tablets for the prevention of 

organ rejection following renal transplantation were clinically equivalent in a randomized, 

multicenter, controlled trial. 32 

 

A dose finding study of sirolimus in patients with solid tumors enrolled 21 patients at doses 

between 2 and 9 mg/d.  The maximum tolerated dose of daily oral sirolimus was 6 mg.  There 

were no objective responses, but 10 patients achieved stable disease and 5 received at least 12 

cycles of drug.  No grade 4 toxicity was documented.  The most common nonhematologic 

adverse events observed in greater than 20% of patients were elevated triglycerides, glucose, 

AST/ALT, cholesterol, rash and mucositis.  Hyperlipidemias responded well to statin treatment.  
33    

 

Pharmacokinetics 

The pharmacokinetics of sirolimus have been studied in healthy subjects, pediatric dialysis 

patients, hepatically-impaired adult patients, adult renal transplant patients and patients with 

advanced solid malignancies. 33  Oral doses of both liquid and solid sirolimus are rapidly, though 

variably, absorbed.  Mean time-to-peak concentrations range from 1 hour in healthy subjects to 

2 hours in renal transplant recipients and patients with solid tumors.  Half-life is upward of 2 1/2 

days.  Metabolism is by the intestinal and hepatic CYP3A4 enzyme family and 91% of the 
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elimination of the drug is via the gastrointestinal tract.  The AUC correlates well with trough and 

peak concentrations.  

 

Pharmacodynamics 

A feasibility study in a subset of patients with renal cell carcinoma treated with temsirolimus, a 

sirolimus analogue, evidenced a linear association between inhibition of p70S6K and time to 

tumor progression (P < 0.04). 34  A phase I study in patients with advanced solid tumors 

assessed the effect of sirolimus on the phosphorylation of p70S6K in skin biopsies and 

peripheral blood mononuclear cells (PBMCs).  No correlation was found between inhibition of 

phospho-P70 in skin or PBMCs and dose received or outcome.  However phospho-S6 

dynamics roughly correlated with dose with increasing doses from 2-, 3- and 6 mg leading to 

less activation levels of phospho-S6 (175%, 88% and 34%, respectively).  Whether increased 

phospho-S6 downregulation translates into improved clinical outcome is not yet known.  An 

exploratory study was done to examine this question. Four paired tumor biopsies were obtained 

at the MTD; two patients who received paired biopsies received treatment for at least 12 

months.  Phospho-S6 levels were decreased in both patients, showing clinical benefit.  Given 

the limitations of a subset analysis, it appears that that phospho-S6 dynamics in tumor correlate 

with clinical outcome.  33  A phase I trial in patients with PTEN-deficient glioblastoma treated 

with sirolimus showed equivalent S6 phosphorylation inhibition in sirolimus-sensitive and 

sirolimus-resistant patients. 7 

1.4.4. Adverse effects of sirolimus 

The safety and efficacy of sirolimus used for preventing organ rejection have been 

demonstrated in two randomized, double-blind, multicenter, controlled trials involving more than 

1000 adult patients.  Typical dosing was 2 mg/day or 5 mg/day.  The safety profiles in both 

studies were similar.  The incidence of adverse reactions in the randomized, double-blind, 

multicenter, placebo-controlled trial in which 219 renal transplant patients received Rapamune 

Oral Solution 2 mg/day, 208 received Rapamune Oral Solution 5 mg/day, and 124 received 

placebo is presented in Table 1.  The study population had a mean age of 46 years (range 15 to 

71 years), the distribution was 67% male, and the composition by race was: White (78%), Black 
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(11%), Asian (3%), Hispanic (2%), and other (5%).  All patients were treated with cyclosporine 

and corticosteroids in addition to sirolimus.  Data (≥ 12 months posttransplant) presented in the 

following table showed the ≥ 20% adverse reactions occurring in one or more Rapamune 

treatment group by dose level.  The safety profile of the tablet did not differ from  the oral 

formulation.  Patients receiving 2 mg of Rapamune Oral Solution per day demonstrated an 

overall better safety profile than patients receiving 5 mg of Rapamune Oral Solution per day. 

 

Table 1. Adverse reactions at a frequency ≥20% in at least one of the Rapamune groups in a 

study of prophylaxis of organ rejection following renal transplantation at ≥12 months 

postransplantation.  

 Rapamune Oral Solution 

Adverse reaction 2 mg/day 

(n=218) 

5 mg/day 

(n=208) 

Placebo 

(n=124) 

Peripheral edema 54 58 48 

Hypertriglyceridemia 45 57 23 

Hypertension 43 46 48 

Hypercholesterolemia 43 46 23 

Creatinine increased 39 40 38 

Constipation 36 38 31 

Abdominal pain 29 36 30 

Diarrhea 25 35 27 

Headache 34 34 31 

Fever 23 34 35 

Anemia 23 33 21 

Thrombocytopenia 14 30 9 

Pain 33 29 25 

Acne 22 22 19 

Rash 10 20 6 

Edema 20 18 15 
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A phase II trial in patients with advanced pancreatic cancer treated with sirolimus at a flat oral 

dose of 5 mg/day was recently completed at Johns Hopkins (I.Garrido-Laguna et al). 35   In that 

trial most adverse events were grade 1 (67%), 9% were grade 3, and there were no grade 4 

adverse events.  The most common grade 3 event was hyperglycemia (10%).  See figure 1. 

 

Figure 1.  Toxicities reported in a phase II trial of Sirolimus in advanced pancreatic cancer. 

 

 
 

 

Pharmacodynamics 

 

Potential drug interactions 

Sirolimus is a substrate for both cytochrome P-450 3A4 (CYP3A4) and p-glycoprotein (P-gp).  

Concomitant use of sirolimus with strong inducers of CYP3A4 and P-gp (rifampin, rifabutin) and 

strong inhibitors (e.g., ketoconazole, voriconazole, itraconazole, erythromycin, telithromycin, 

clarithromycin) should be avoided if possible.  Grapefruit juice inhibits CYP3A4-mediated 
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metabolism of sirolimus and may increase sirolimus concentrations. 

 

Some drugs can act as modulators of CYP3A4 and P-gp and thus may: 

 

-Increase sirolimus blood concentrations: Bromocriptine, cimetidine, cisapride, clotrimazole, 

danazol, diltiazem, fluconazole, HIV-protease inhibitors (e.g., ritonavir, indinavir), 

metoclopramide, nicardipine, trolandomycin, verapamil. 

 

-Decrease sirolimus concentrations: carbamazepine, Phenobarbital, phenytoin, rifapentine, 

St.John’s Wort (Hypericum perforatum). 

 

The concentration of verapamil can increase when given concurrently with sirolimus. 

  

2.3. Everolimus (Afinitor ®) 
 

       2.3.1. Mechanism of action 

Everolimus is an allosteric inhibitor of mTOR, a serine-threonine kinase, downstream of the 

PI3K/AKT pathway. The mTOR pathway is dysregulated in several human cancers.1 Everolimus 

binds to an intracellular protein, FKBP-12, resulting in an inhibitory complex formation with 

mTORC1 and, thus inhibition of mTOR kinase activity. Everolimus reduced the activity of S6 

ribosomal protein kinase (S6K1) and eukaryotic elongation factor 4E- binding protein (4E-BP1), 

downstream effectors of mTOR, involved in protein synthesis. In addition, everolimus inhibited 

the expression of hypoxia-inducible factor (e.g., HIF-1) and reduced the expression of vascular 

endothelial growth factor (VEGF). Two regulators of mTORC1 signaling are the oncogene 

suppressors tuberin-sclerosis complexes 1 and 2 (TSC1, TSC2). Loss or inactivation of either 

TSC1 or TSC2 leads to activation of downstream signaling.  

 

            2.3.2. Preclinical studies 

Inhibition of mTOR by everolimus has been shown to reduce cell proliferation, angiogenesis, 

and glucose uptake in in vitro and/or in vivo studies.34 The effect of everolimus on cell growth 
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was examined by Western blot analysis of caspase-3/PARP cleavage and by FACS analysis of 

DNA fragmentation on BON cells.  Everolimus-induced growth inhibition involves G0/G1 phase 

arrest as well as induction of apoptosis. 35  In an in vitro and in vivo study (cancer cells were 

subcutaneously implanted into nude mouse model), everolimus not only inhibited the growth of 

bladder cancer cells, but also inhibited angiogenesis, which was the predominant mechanism of 

everolimus’ effect on bladder cancer cells.34 Everolimus induced antitumor effects in different 

types of neuroendocrine tumors. Everolimus was also evaluated in an in vitro study in medullary 

thyroid cancer (MTC). In thyroid cancer cell lines (TT and MZ-CRC-1 cells), everolimus induced 

a significant dose-dependent inhibition in cell proliferation. This effect seemed to be related to 

cell cycle arrest in the G0/G1 phase in both cell lines and to the induction of cellular senescence 

in TT cells. 5  

 

         2.3.3. Clinical experience with everolimus  

Everolimus was tested in multiple malignancies, including advanced pancreatic neuroendocrine 

(PNET), carcinoid tumors and renal cell carcinoma (RCC).2,3 Everolimus has been approved by 

Food and Drug Administration (FDA) for the treatment of advanced RCC and PNET. 

Locally Advanced or Metastatic Advanced PNET: A randomized, double-blind, multi-center 

trial of everolimus plus best supportive care (BSC) versus placebo plus BSC was conducted in 

patients with locally advanced or metastatic PNET and disease progression within the past 12 

months.3 Treatment with somatostatin analogs was allowed as part of BSC. The primary 

endpoint for the trial was progression-free survival (PFS) evaluated by RECIST (Response 

Evaluation Criteria in Solid Tumors).36,37 After documented radiological progression, patients 

could be unblinded by the investigator; those randomized to placebo were then able to receive 

everolimus. Other endpoints included safety, objective response rate (ORR), response duration, 

and overall survival (OS). 

Patients were randomized 1:1 to receive either everolimus 10mg/day (n=207) or placebo 

(n=203). Crossover from placebo to open-label everolimus occurred in 73% (148/203) of 

patients. The trial demonstrated a statistically significant improvement in PFS (median 11.0 

months versus 4.6 months), resulting in a 65% risk reduction in investigator-determined PFS 

(HR 0.35; 95%CI: 0.27 to 0.45; p<0.001). PFS improvement was observed across all patient 
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subgroups.  

Locally Advanced or Metastatic Carcinoid Tumors: In a randomized, double-blind, multi-

center trial in 429 patients with carcinoid tumors, everolimus plus depot octreotide was 

compared to placebo plus depot octreotide.4 After documented radiological progression, 

patients could were able to be unblinded by the investigator: those randomized to placebo were 

then able to receive open-label everolimus plus depot octreotide. The study did not meet the 

primary efficacy endpoint (PFS) and the OS interim analysis numerically favored the placebo 

plus depot octreotide arm. Therefore, the use of everolimus in patients with carcinoid tumors 

remains investigational. 

Advanced Renal Cell Carcinoma: An international, multi-center, randomized, double-blind trial 

of everolimus at 10 mg daily was compared to placebo in patients with metastatic RCC whose 

disease had progressed despite prior treatment.2 After documented radiological progression, 

patients were able to be unblinded by the investigator: those randomized to placebo were then 

able to receive open-label everolimus at 10 mg daily. In total, 416 patients were randomized 2:1 

to receive everolimus (n=277) or placebo (n=139). Everolimus was superior to placebo for PFS 

(HR 0.30, 95% CI 0.22-0.40, p<0.0001; median PFS 4.0 vs. 1.9 months).  

Subependymal Giant Cell Astrocytoma (SEGA): An open-label, single-arm trial was 

conducted to evaluate the safety and efficacy of everolimus in patients with SEGA associated 

with tuberous sclerosis (TS).38 Serial radiological evidence of SEGA growth was required for 

entry. Change in SEGA volume at the end of the core 6-month treatment phase was assessed 

via an independent central radiology review. In total, 28 patients received treatment with 

everolimus. Four patients had surgical resection of their SEGA lesions with subsequent re-

growth prior to receiving everolimus treatment. After the core treatment phase, patients could 

continue to receive everolimus treatment as part of an extension treatment phase where SEGA 

volume was assessed every 6 months. The median duration of treatment was 24.4 months 

(range 4.7-37.3 months). At 6 months, 9 out of 28 patients (32%, 95% CI: 16% to 52%), had a ≥ 

50% reduction in the tumor volume of their largest SEGA lesion. Duration of response for these 

9 patients ranged from 97 to 946 days with a median of 266 days. Seven of these 9 patients had 

an ongoing volumetric reduction of ≥ 50% at the data cutoff. Three of 4 patients who had prior 

surgery experienced a ≥ 50% reduction in the tumor volume of their largest SEGA lesion. One 
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of these three patients responded by month 6.  

 

Pharmacodynamics 

Exposure response relationships: markers of protein synthesis show that inhibition of mTOR is 

complete after a 10 mg daily dose.  

 
Pharmacokinetics 

Absorption: in patients with advanced solid tumors, peak everolimus concentrations are reached 

1 to 2 hours after administration of oral doses ranging from 5 mg to 70 mg. Following single 

doses, Cmax is dose-proportional between 5 mg and 10 mg. At doses of 20 mg and higher, the 

increase in Cmax is less than dose-proportional, however, AUC shows dose-proportionality over 

the 5 mg to 70 mg dose range. A steady-state was achieved within 2 weeks following once-daily 

dosing. Food had no apparent effect on the post-absorption phase concentration-time profile.  

Distribution: the amount of everolimus confined to the plasma is approximately 20% at blood 

concentrations observed in cancer patients given everolimus 10 mg/day. Plasma protein binding 

is approximately 74% both in healthy subjects and in patients with moderate hepatic 

impairment.  

Metabolism: everolimus is a substrate of CYP3A4 and PgP. Following oral administration, 

everolimus is the main circulating component in human blood. Six main metabolites of 

everolimus have been detected in human blood, including three monohydroxylated metabolites, 

two hydrolytic ring-opened products, and a phosphatidylcholine conjugate of everolimus. These 

metabolites were also identified in animal species used in toxicity studies, and showed 

approximately 100 times less activity than everolimus itself. In vitro, everolimus competitively 

inhibited the metabolism of CYP3A4 and was a mixed inhibitor of the CYP2D6 substrate 

dextromethorphan. The mean steady-state Cmax following an oral dose of 10 mg daily is more 

than 12-fold below the Ki-values of in vitro inhibition. Therefore, an effect of everolimus on the 

metabolism of CYP3A4 and CYP2D6 substrates is unlikely.  

Excretion: no specific excretion studies have been undertaken in cancer patients. Following the 

administration of a 3 mg single dose of radiolabeled everolimus in patients who were receiving 

cyclosporine, 80% of the radioactivity was recovered from the feces, while 5% was excreted in 
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the urine. The parent substance was not detected in urine or feces. The mean elimination half-

life of everolimus is 28 hours.  

 
Dosage and administration  

Everolimus should be administered orally once daily at the same time every day, either 

consistently with food or consistently without food. Everolimus tablets should be swallowed 

whole with a glass of water. For patients unable to swallow tablets, everolimus tablet(s) should 

be dispersed completely in a glass of water (containing approximately 30 mL) by gently stirring, 

immediately prior to drinking.  Strong CYP3A4 inhibitors should be avoided. 

 
Recommended dose for patient with PNET and RCC 

The recommended dose of everolimus for treatment of advanced PNET and advanced RCC is 

10 mg, to be taken once daily. If dose reduction is required, the suggested dose is 5 mg daily.  

Patients taking a strong 3A4 inducer drug: for adults taking 10 mg PO once daily initially, 

increasing the dose by 5 mg increments up to 20 mg PO once daily should be considered. If the 

strong 3A4 inducer is discontinued, the everolimus dose used prior to the initiation of the strong 

3A4 inducer should be resumed. Dosage adjustment is based on PK data; no clinical data are 

available with this dosage adjustment. 

Patients taking a moderate CYP3A4 and/or P-glycoprotein inhibitor drug: for adults taking 2.5 

mg PO daily, a dose increase to 5 mg PO daily may be considered based on patient tolerance. 

If the moderate inhibitor is discontinued, a 2—3 day washout period should be allowed before 

increasing the everolimus dose; the everolimus dose used before the initiation of the moderate 

CYP3A4 and/or P-glycoprotein inhibitor should then be resumed.  

 
Recommended dose for patient with SEGA  

The initial dose of everolimus is based on body surface area (BSA). For patients with a BSA of 

at least 2.2 m2, give 7.5 mg PO once daily. For BSA of 1.3—2.1 m2, give 5 mg PO once daily. 

For BSA of 0.5—1.2 m2, give 2.5 mg PO once daily. Adjust the dose at 2-week intervals based 

on everolimus trough blood concentrations, tolerability, clinical response, and concomitant drug 

changes. If a dose reduction is needed in a patient receiving 2.5 mg PO daily, consider alternate 

day dosing.  
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If a concomitant strong CYP3A4 inducer is required, double the everolimus dose. Individualize 

subsequent dosing based on therapeutic drug monitoring. If the strong CYP3A4 inducer is 

discontinued, adjust the everolimus dose to the one used before initiation of the CYP3A4 

inducer and assess the everolimus trough concentration approximately 2 weeks later. 

 Patients taking a moderate CYP3A4 and/or P-glycoprotein inhibitor: If a concomitant moderate 

CYP3A4 inhibitor is required, reduce the dose by approximately 50% to maintain trough 

concentrations of 5—10 ng/mL. If dose reduction is needed for patients taking 2.5 mg PO daily, 

consider alternate day dosing. Assess everolimus trough concentrations approximately 2 weeks 

after the addition of a moderate CYP3A4 and/or P-glycoprotein inhibitor. Individualize 

subsequent dosing based on therapeutic drug monitoring. If the moderate inhibitor is 

discontinued, adjust the everolimus dose to the one used before initiation of the moderate 

CYP3A4 and/or P-glycoprotein inhibitor and assess the everolimus trough concentration 

approximately 2 weeks later. Contraindications: hypersensitivity to the active substance, to other 

rapamycin derivatives, or to any of the excipients.  

 
Specific populations  

Hepatic impairment: for advanced PNET and advanced RCC patients with moderate hepatic 

impairment (Child-Pugh class B), a dose reduction is recommended. The impact of severe 

hepatic impairment (Child-Pugh class C) has not been assessed and drug use in this patient 

population is not recommended.  

 

2.3.4. Warnings/Precautions 

Non-infectious Pneumonitis  

Non-infectious pneumonitis was reported in 11-14% of patients treated with everolimus. The 

incidence of grade 3 and 4 non-infectious pneumonitis was 1.6-4.0% and 0.1%, respectively. 

Fatal outcomes have been observed. Patients who develop radiological changes suggestive of 

non-infectious pneumonitis and have few or no symptoms may continue everolimus therapy 

without dose alteration. Imaging appears to overestimate the incidence of clinical pneumonitis. If 

symptoms are moderate, consider interrupting therapy until symptoms improve. The use of 
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corticosteroids may be indicated. In patients with advanced PNET and advanced RCC, 

everolimus may be reintroduced at 5 mg daily. In patients with SEGA, everolimus may be 

reintroduced at a daily dose approximately 50% lower than the dose previously administered. 

For cases where symptoms of non-infectious pneumonitis are severe, discontinue everolimus 

therapy. Corticosteroids may be indicated until clinical symptoms resolve. In patients with 

advanced PNET and advanced RCC, therapy with everolimus may be re-initiated at a reduced 

dose of 5 mg daily depending on the individual clinical circumstances. The development of 

pneumonitis has been reported even at a reduced dose. In patients with SEGA, therapy with 

everolimus may be re-initiated at a daily dose approximately 50% lower than the dose 

previously administered depending on the individual clinical circumstances.  

 

Infections  

Everolimus has immunosuppressive properties and may predispose patients to bacterial, fungal, 

viral, or protozoal infections, including infections with opportunistic pathogens. Localized and 

systemic infections, including pneumonia, mycobacterial infections, other bacterial infections, 

invasive fungal infections, such as aspergillosis or candidiasis, and viral infections including 

reactivation of hepatitis B virus have occurred in patients taking everolimus. Complete treatment 

of pre-existing invasive fungal infections prior to starting treatment with everolimus is 

recommended. While taking everolimus, if a diagnosis of an infection is made, institute 

appropriate treatment promptly and consider interruption or discontinuation of everolimus. If a 

diagnosis of invasive systemic fungal infection is made, discontinue everolimus and treat with 

appropriate antifungal therapy. 

 

Oral ulceration  

Approximately 44%-64% of everolimus-treated patients developed mouth ulcers, stomatitis, or 

oral mucositis, which were mostly CTCAE (Common Terminology Criteria for Adverse Events) 

grade 1 or 2. Grade 3 or 4 stomatitis was reported in 6% of patients with neuroendocrine 

tumors. In the SEGA study, 86% of everolimus-treated patients developed stomatitis, which was 

mostly CTCAE grade 1 or 2.  
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Renal failure events  

Cases of renal failure (including acute renal failure), some with a fatal outcome, have been 

observed in patients treated with everolimus.  

 

Laboratory tests and monitoring  

Renal Function: elevations of serum creatinine and proteinuria have been reported in clinical 

trials.  

Blood glucose and lipids: hyperglycemia, hyperlipidemia, and hypertriglyceridemia have been 

reported in clinical trials.  

Hematologic parameters: decreased hemoglobin, lymphocytes, neutrophils, and platelets have 

been reported in clinical trials. 

Monitoring of renal function, blood glucose and lipid, and complete blood count is recommended 

prior to the start of everolimus therapy and periodically thereafter. 

 

Adverse reactions/toxicities  

The most common adverse reactions (incidence ≥ 30%) were stomatitis, rash, diarrhea, fatigue, 

edema, abdominal pain, nausea, fever, headache, infections, asthenia, cough, upper respiratory 

tract infection, sinusitis, otitis media, and pyrexia. The most common grade 3/4 adverse 

reactions (incidence ≥ 5%) were stomatitis, diarrhea, infections, dyspnea, fatigue, dehydration, 

pneumonitis, abdominal pain, and asthenia. The most common laboratory abnormalities 

(incidence ≥ 50%) were decreased hemoglobin, hyperglycemia, alkaline phosphatase 

increased, hypercholesterolemia, bicarbonate decreased, increased aspartate transaminase 

(AST), hypertriglyceridemia, hyperglycemia, lymphopenia, and increased creatinine. The most 

common grade 3/4 laboratory abnormalities (incidence ≥ 3%) were hyperglycemia, 

lymphopenia, decreased hemoglobin, hypophosphatemia, increased alkaline phosphatase, 

neutropenia, increased aspartate transaminase (AST), potassium decreased, 

thrombocytopenia, hyperglycemia, and hypercholesterolemia. The grade 3 adverse reactions 

were convulsion, infections (single cases of sinusitis, pneumonia, tooth infection, and bronchitis 

viral), and single cases of stomatitis, aspiration, cyclic neutropenia, sleep apnea syndrome, 
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vomiting, dizziness, white blood cell count decreased, and neutrophil count decreased. A grade 

4 convulsion was also reported.  

Deaths due to acute respiratory failure (0.7%), infection (0.7%), and acute renal failure (0.4%) 

were observed. Deaths during double-blind treatment where an AE was the primary cause 

occurred in 7 patients on everolimus and 1 patient on placebo. Causes of death on the 

everolimus arm included one case of each of the following: acute renal failure, acute respiratory 

distress, cardiac arrest, death (cause unknown), hepatic failure, pneumonia, and sepsis. There 

was 1 death due to pulmonary embolism on the placebo arm. After cross-over to open-label 

everolimus, there were 3 additional deaths, one due to hypoglycemia and cardiac arrest in a 

patient with insulinoma, one due to myocardial infarction with congestive heart failure, and the 

other due to sudden death.  

The rates of treatment-emergent adverse events (irrespective of causality) resulting in 

permanent discontinuation were between 14%-20%.  Dose delay or reduction was necessary in 

61% of everolimus patients. The most common adverse reactions (irrespective of causality) 

leading to treatment delay, discontinuation and/or dose reduction were pneumonitis, dyspnea, 

infections, stomatitis.  The most common medical interventions required during everolimus 

treatment were for infections, anemia, and stomatitis.  

Other notable adverse reactions occurring with an incidence of <10% include: gastrointestinal 

disorders: abdominal pain (9%), gastritis 7%), dry mouth (8%), hemorrhoids (5%), dysphagia 

(4%); general disorders and administration site conditions: weight decreased (9%), fatigue (7%), 

chest pain (5%), chills (4%), peripheral edema (4%), impaired wound healing (<1%), respiratory, 

thoracic and mediastinal disorders: pleural effusion (7%), pharyngeal inflammation (7%); 

pharyngolaryngeal pain (4%), rhinorrhea (3%); skin and subcutaneous tissue disorders: hand-

foot syndrome (reported as palmar-plantar erythrodysesthesia syndrome) (5%), nail disorder 

(5%), erythema (4%), onychoclasis (4%), skin lesion (4%), pityriasis rosea (4%), acneiform 

dermatitis (3%); metabolism and nutrition disorders: exacerbation of pre-existing diabetes 

mellitus (2%), new onset of diabetes mellitus (<1%); psychiatric disorders: insomnia (9%), 

anxiety (7%); nervous system disorders: dizziness (7%), somnolence (7%), paresthesia (5%);  

eye disorders: eyelid edema (4%), ocular hyperemia (4%), conjunctivitis (2%); vascular 

disorders: hypertension (4%); renal and urinary disorders: proteinuria (7%), renal failure (3%); 
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cardiac disorders: tachycardia (3%), congestive cardiac failure (1%); musculoskeletal and 

connective tissue disorders: jaw pain (3%); hematologic disorders: hemorrhage (3%).  

Key laboratory abnormalities observed in > 1 patient included elevations in AST concentrations 

(89%), total cholesterol (68%), alanine transaminase (ALT) (46%), triglycerides (43%) 

(hypertriglyceridemia reported as adverse reaction in 11% of patients, increased blood 

triglycerides reported as adverse reaction in 7% of patients), glucose (25%), and creatinine 

(11%), and reductions in white blood cell counts (54%) (reported as adverse reaction in 11% of 

patients), hemoglobin (39%), glucose (32%), and platelet counts (21%). Most of these 

laboratory abnormalities were mild (grade 1). Two cases of decreased neutrophil count and 

decreased blood mmunoglobulin G were reported as adverse reactions. 

 

2.4. Temsirolimus (Torisel ®) 
 

                     2.4.1 Description 

The observed antitumor and immunosuppressive properties of rapamycin analogs are due to 

their ability to disrupt the mTOR-dependent signaling pathway. mTOR, a member of the 

phosphatidylinositide 3’-kinase (PI3K)-related family, is located predominantly in the nuclear 

fraction of both neoplastic and normal cells. mTOR activation triggers resting cells to increase 

the translation of a subset of mRNAs whose proteins are required for cell cycle progression from 

G1 to S phase. mTOR regulates essential signal transduction pathways and is involved in the 

coupling of growth stimuli with cell cycle progression. Experimental data indicate that mTOR 

acts downstream of the PI3K/Akt pathway and is phosphorylated in response to mitogenic 

signals. Early studies reported that mTOR was dedicated to initiating mRNA translation in 

response to favorable nutrient environments. In fact, cells treated with rapamycin undergo 

changes that are strikingly similar to those observed during conditions of starvation. These 

include mTOR inactivation, down regulation of translation, G1 arrest, accumulation of glycogen 

stores and altered transcription patterns. More recent studies have demonstrated that mTOR is 

involved in regulating many aspects of cell growth, including organization of the actin 

cytoskeleton, membrane traffic, protein degradation, protein kinase C (PKC) signaling, ribosome 

biogenesis, and transcription. 
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Temsirolimus reacts with the ubiquitous intracellular FK506-binding protein 12 (FKBP12), 

forming a Temsirolimus/FKBP12 complex that is a potent inhibitor of the highly conserved 

kinase mTOR. Inhibition of mTOR leads to suppression of several downstream signaling 

effectors, including the ribosomal subunit p70S6k and the eukaryotic initiation factor 4 binding 

protein 1 (4E-BP1). These two proteins play key roles in ribosomal biogenesis and cap-

dependent translation, respectively. The extent of phosphorylation of these two downstream 

proteins (p70S6 kinase and 4E-BP1) may therefore serve as indicators of temsirolimus biologic 

activity in vivo. Inhibition of the synthesis of ribosomal proteins and elongation factors, required 

to accelerate the process of cell division, are thought to contribute to the anti-proliferative effects 

of rapamycin analogs. While temsirolimus inhibits the translation of only a subset of mRNAs, 

inhibition of mTOR can lead to a substantial decrease (~15%) in overall protein synthesis. 

 

Pharmacokinetics 

Cytochrome P450 3A4 is the major isozyme responsible for the formation of five temsirolimus 

metabolites.  Sirolimus, an active metabolite of temsirolimus, is the principal metabolite in 

humans following intravenous treatment.  The remainder of the metabolites account for less 

than 10% of radioactivity in the plasma.  In human liver microsomes temsirolimus was an 

inhibitor of CYP2D6 and 3A4.  There was no effect observed in vivo when temsirolimus was 

administered with desipramine (a CYP2D6 substrate), and no effect is anticipated with 

substrates of CYP3A4 metabolism.  Temsirolimus is cleared predominately by the liver and 

elimination of the drug is primarily via the feces. 

 

Clinical pharmacokinetic data are available in patients with cancer receiving temsirolimus both 

IV daily x 5 days every 2 weeks, once weekly schedules, and orally daily × 5 days every 2 

weeks. These data indicate that there is no appreciable drug accumulation between cycles and 

that distribution is extensive. With increasing dose, exposure (AUC) increases in a less than 

proportional fashion. The terminal half-life (t1/2 ) following temsirolimus doses of 25 to 250 mg is 

approximately 15 hours. 
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                      2.4.2. Indications 

                      2.4.2.1. Renal cell carcinoma 

Temsirolimus is used as a single-agent for the treatment of advanced renal cell carcinoma in 

patients. The current indication for temsirolimus is based principally on the results of a multi-

center, randomized, open label clinical trial involving 626 patients with poor prognosis, 

previously untreated, metastatic renal-cell carcinoma. Patients in this study needed at least 

three of six predictors of short term survival.  These predictors included: a serum lactate 

dehydrogenase level of more than 1.5 times the upper limit of normal (ULN) range, a 

hemoglobin level below the lower limit of the normal range, a corrected serum calcium level of 

more that 10 mg/dL, a time from initial diagnosis of renal cell carcinoma to randomization of less 

than one year, a Karnofsky performance score of 60-70, or metastases in multiple organs. Prior 

to therapy, patients were stratified for prior nephrectomy status within three geographic regions 

and were randomly assigned (1:1:1) to receive IFN-á alone (n=207), temsirolimus alone (25mg 

weekly; n=209), or the combination arm (n=210). The median duration of treatment in the 

temsirolimus arm was 17 weeks (range 1-126 weeks). The median duration of treatment on the 

IFN-á was 8 weeks (range 1-124 weeks). Patients who received temsirolimus alone had longer 

overall survival (hazard ratio for death, 0.73; 95% confidence interval [CI], 0.58 to 0.92; 

P=0.008) and progression-free survival (P<0.001) than did patients who received interferon 

alone. Overall survival in the combination-therapy group did not differ significantly from that in 

the interferon group (hazard ratio, 0.96; 95% CI, 0.76 to 1.20; P=0.70). Median overall survival 

times in the interferon group, the temsirolimus group, and the combination-therapy group were 

7.3, 10.9, and 8.4 months, respectively. 

 

To better characterize the relationship between dose and tolerability of temsirolimus, a phase II 

study of the agent in patients with advanced refractory RCC randomly assigned 111 patients to 

flat doses of 25, 75, or 250 mg IV weekly. Overall, there was 1 complete response, 7 PRs, and 

29 minor responses, but results for each dose level group were similar with respect to both 

toxicity and efficacy. This observation, together with the greater number of dose reductions and 

treatment discontinuations at the higher dose levels led investigators to recommend 25 mg IV 

weekly as the optimum dose level for further temsirolimus studies.  
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A phase II study has been reported in patients with metastatic melanoma. 33 patients were 

treated with temsirolimus, 250 mg IV weekly. Only one patient had a partial response, and 

median time to progression was 10 weeks. 

 

                              2.4.3. Adverse Effects of Temsirolimus  

The most common adverse reactions that occur with Temsirolimus are rash, asthenia, 

mucositis, nausea, edema, and anorexia. The most common laboratory abnormalities that occur 

are anemia, hyperglycemia, hyperlipemia, elevated serum alkaline phosphatase, elevated 

serum creatinine, lymphopenia, hypophosphatemia, thrombocytopenia, elevated serum 

aspartate transaminase (AST), and leukopenia.  

Severe adverse reactions (grade 3 or 4) included asthenia, dyspnea, rash, and pain. Rare 

serious adverse reactions associated with temsirolimus included interstitial lung disease, bowel 

perforation, and acute renal failure. Severe laboratory abnormalities (grade 3 or 4) included 

hypertriglyceridemia, anemia, hypophosphatemia, hyperglycemia, lymphopenia, and 

neutropenia.    

 

Hyperglycemia/Glucose Intolerance  

In the phase III trial, 89% of patients receiving temsirolimus had at least one elevated serum 

glucose while on treatment, and 26% of patients reported hyperglycemia as an adverse event.  

This may result in the need for an increase in the dose of, or initiation of insulin and/or oral 

hypoglycemic therapy.  Serum glucose should be tested before and during treatment.  Patients 

should be advised to report excessive thirst or any increase in the volume of urination. 

 

Infections 

Temsirolimus may result in immunosuppression.  Patients should be carefully observed for the 

occurrence of infections, including opportunistic infections.  

 

Interstitial Lung Disease 

Cases of interstitial lung disease, some resulting in death, occurred in patients who received 
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temsirolimus.  Some patients were asymptomatic with infiltrates detected on computed 

tomography scan or chest radiograph.  Others presented with symptoms such as dyspnea, 

cough, hypoxia, and fever.  Some patients required discontinuation of temsirolimus and/or other 

treatment with corticosteroids and/or antibiotics, while some patients continued with treatment 

without additional intervention.  Patients should be advised to report promptly any new or 

worsening respiratory symptoms. 

 

Hyperlipidemia 

The use of temsirolimus is likely to result in increases in serum triglycerides and cholesterol.  In 

the phase III trial, 87% of patients receiving temsirolimus had at least one elevated serum 

cholesterol value and 83% had at least one elevated serum triglyceride value.  This may require 

initiation, or increase in the dose, of lipid-lowering agents. Serum cholesterol and triglycerides 

should be tested before and during treatment with temsirolimus.  

 

Bowel Perforation 

Cases of fatal bowel perforation occurred in patients who received temsirolimus.  These patients 

presented with fever, abdominal pain, metabolic acidosis, bloody stools, diarrhea, and/or acute 

abdomen.  Patients should be advised to report promptly any new or worsening abdominal pain 

or blood in their stools. 

 

Renal Failure 

Cases of rapidly progressive and sometimes fatal acute renal failure not clearly related to 

disease progression occurred in patients who received temsirolimus.  Some of these cases 

were not responsive to dialysis. 

 

Wound Healing Complications 

Use of temsirolimus has been associated with abnormal wound healing.  Therefore, caution 

should be exercised with the use of temsirolimus in the perioperative period. 

 

Intracerebral Hemorrhage 
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Patients with central nervous system tumors (primary CNS tumor or metastasis) and/or 

receiving anticoagulation therapy may be at an increased risk of developing intracerebral 

bleeding (including fatal outcomes) while receiving temsirolimus. 

 

Co-administration of Temsirolimus with Inducers or Inhibitors of CYP3A Metabolism 

Strong inducers of CYP3A4/5 such as dexamethasone, carbamazepine, phenytoin, 

phenobarbital, rifampin, rifabutin, and rifampin may decrease exposure of the active metabolite, 

sirolimus.  If alternative treatment cannot be administered, a dose adjustment should be 

considered.  St. John’s Wort may decrease temsirolimus plasma concentrations unpredictably.  

Patients receiving temsirolimus should not take St. John’s Wort concomitantly. 

 

Strong CYP3A4 inhibitors such as atazanavir, clarithromycin, indinavir, itraconazole, 

ketoconazole, nefazadone, nelfinavir, ritonavir, saquinavir, and telithromycin may increase blood 

concentrations of the active metabolite sirolimus.  If alternative treatments cannot be 

administered, a dose adjustment should be considered. 

 

Vaccinations 

The use of live vaccines and close contact with those who have received live vaccines should 

be avoided during treatment with temsirolimus.  Examples of live vaccines are: intranasal 

influenza, measles, mumps, rubella, oral polio, BCG, yellow fever, varicella, and TY21a typhoid 

vaccines. 

 

Pregnancy 

Temsirolimus is Pregnancy Category D.  Temsirolimus administered daily as an oral formulation 

caused embryo-fetal and intrauterine toxicities in rats and rabbits at human sub-therapeutic 

exposures. Embryo-fetal adverse effects in rats consisted of reduced fetal weight and reduced 

ossifications, and in rabbits included reduced fetal weight, omphalocele, bifurcated sternabrae, 

notched ribs, and incomplete ossifications. 

 

Women of childbearing potential should be advised to avoid becoming pregnant throughout 
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treatment and for 3 months after temsirolimus therapy has stopped.  Men should be counseled 

regarding the effects of temsirolimus on the fetus and sperm prior to starting treatment.  In male 

rats, the following fertility effects were observed:  decreased number of pregnancies, decreased 

sperm concentration and motility, decreased reproductive organ weight, and testicular tubular 

degeneration.   Men with partners of childbearing potential should use reliable contraception 

throughout treatment and are recommended to continue this for 3 months after the last dose of 

temsirolimus. 

 

2.5. VORINOSTAT (Zolinza©) 

2.5.1 Mechanism of action 

Vorinostat (Zolinza ©) is a histone deacetylase inhibitor (HDACi).  18 HDAC enzymes have 

been identified in humans.  HDACs are grouped in three different classes.  Class I includes 

HDAC1, 2, 3 and 8 and plays a role in cell proliferation and death.  Class II are larger molecules 

and include HDAC 4, 5, 7 and 9, and have tissue-specific developmental activity.   Vorinostat 

inhibits class I and II HDACs at nanomolar concentrations (IC50 < 86nM).  The anticancer 

mechanism of action of vorinostat is not fully understood, although the following mechanisms 

have been speculated upon: 1) Accumulation of acetylated histones and non-histone proteins in 

transcription factor complexes, altering gene expression.  2) Acetylation of proteins regulating 

cell proliferation (retinoblastoma) and angiogenesis (HIF-1α) 36,37.  3)  Acetylation of Hsp90 

leading to depletion of several client proteins, including p-AKT, ERK 1/2 in different breast 

cancer cell lines.  38  4) Direct inhibition of PIK3 activity; this seems not to be related to 

acetylation of the protein and might be secondary to modulation of vorinostat-induced gene 

expression. 39  5) Vorinostat induces cell death via both activation of intrinsic and extrinsic 

apoptosis pathways. 40  Of note, the phenotypic response in transformed cells to HDACi 

depends primarily on the cell type.  Vorinostat induces apoptosis in transformed but not in 

normal cells, which might be relevant in terms of avoiding toxicity.  41 

2.5.2 Preclinical studies 
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Efficacy in vitro 

Vorinostat inhibits cell growth in different chondrosarcoma cell lines at concentrations ranging 

from 2-3 µM. In these cell lines vorinostat was able to induce cell death via two different 

mechanisms: 1) Apoptosis (in SW1353 cell lines) and 2) Autophagia (in RCS and OUMS-27). 42  

Vorinostat at concentrations ranging from 2-5 µM induced apoptosis in different breast cancer 

cell lines.  Remarkably the effect was increased when vorinostat was combined with 

trastuzumab.  Preclinical data suggest that vorinostat induces Hsp90 acetylation, leading to 

polyubiquitination and subsequent degradation of its target clients, including Her-2, p-AKT and 

ERK1/2. 38  In head and neck cancer cell lines, vorinostat induced apoptosis both via activation 

of the mitochondrial apoptotic pathway (intrinsic apoptosis pathway) and activation of the Fas 

(extrinsic apoptosis pathway) in a concentration-dependent manner with an IC50 ranging from 

1.35-7.7 µM.  

 

Efficacy in vivo 

Activity of vorinostat in vivo was first evidenced in a CWR22 (prostate cancer cell line) 

xenografts in nude mice.  Vorinostat 50mg/kg/day administered intraperitoneally resulted in a 

97% reduction in the final mean tumor volume compared with controls. 43  Moreover, vorinostat 

administered either parenterally or orally inhibited tumor growth in different tumor models, 

including breast cancer, glioma, lung cancer and leukemia. 44-47 

 

Toxicologic studies 

Carcinogenicity studies have not been performed with vorinostat.  However, vorinostat 

administered in the diet has shown inhibition of development of mammary and lung tumors in 

murine carcinogenic models. 44,46  

 

Vorinostat was mutagenic in vitro in bacterial reverse mutation assays (Ames test), caused 

chromosomal aberrations in vitro in Chinese hamster ovary (CHO) cells, and increased the 

incidence of micronucleated erythrocytes when administered to mice (Mouse Micronucleus 

Assay). 
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Effects on the female reproductive system were identified in an oral fertility study when female 

rats were dosed for 14 days prior to mating through gestational day 7.  Doses of 15, 50 and 150 

mg/kg/day to rats resulted in approximate exposures of 0.15, 0.36 and 0.70 times the expected 

clinical exposure based on AUC measurements.  Dose-dependent increases in corpora lutea 

were noted at a dose ≥15mg/kg/day, which resulted in increased periimplantation losses at ≥50 

mg/kg/day.  At 150 mg/kg/day, there were increases in the incidence of dead fetuses and in 

resorption. 

 

No effects on reproductive performance were observed in male rats (dosed at 20, 50, 150 

mg/kg/day; approximate exposures of 0.15, 0.36 and 0.70 times the expected clinical exposure 

based on AUC measurements), given drug for 70 days prior to mating with untreated females. 

2.5.3 Clinical experience 

 

Clinical activity 

Vorinostat gained FDA approval for the treatment of T-cell cutaneous lymphoma (CTCL).  The 

pivotal trial was an open-label, single arm, multicenter study. 48 The supportive trial was an 

open-label, three arm, nonrandomized, single center study. 49  Eligible CTCL patients were ≥18 

years old, with an ECOG performance status score of 0-2, life expectancy >3 months, and stage 

IB or higher disease.  Patients had to have progressive disease following two systemic 

therapies, one of which must have contained bexarotene.  The starting dose of vorinostat was 

400 mg once daily, preferably taken with food.  The primary study endpoint was objective 

response rate.  Secondary objectives were time to objective response, response duration, time 

to progression, pruritus relief, and safety and tolerability of vorinostat.  Skin disease was 

assessed using the Severity-Weighted Assessment Tool (SWAT).  Abnormal skin not elevated 

from the normal skin was defined as patch; abnormal skin elevated from the normal skin by <5 

mm was defined as plaque; and a plaque elevated >5 mm was considered as tumor.  

Percentages of the total body surface area involved with patch, plaque and tumor were severity-

weighted by multiplying by factors of 1, 2, and 4, respectively and summed to give an overall 

SWAT score.  A clinical complete response (CCR) required a 100% improvement with no 
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evidence of disease.  A partial response (PR) required at least a 50% decrease in SWAT score.  

Progressive disease required at least a 25% increase in SWAT score.  The pivotal trial enrolled 

74 patients.  The response rate was 30%.  This was similar to the response rate to bexarotene 

observed previously in these patients.  The confirmatory study enrolled 33 patients in three 

different cohorts: 400 mg daily, 300 mg twice daily three days a week, or 300 mg twice daily for 

14 days followed by a 7-day rest followed by 200 mg twice daily.  Response rate in the three 

different cohorts were: 31%, 9%, 33.3%. 

  

Pharmacokinetics: 

Absorption: The pharmacokinetics of vorinostat were evaluated in 23 patients with relapsed or 

refractory advanced cancer. 50  Patients received a single 400 mg dose of vorinostat with a high-

fat meal.  Mean ± standard deviation area under the curve (AUC), peak serum concentration 

(Cmax), and median time (range) to maximum concentration (Tmax) were 5.5 ± 1.8 µM●hr, 1.2 

± 0.62 µM and 4 (2-10) hours.  When compared to the fasted state, oral administration of 

vorinostat with a high-fat meal resulted in an increase (33%) in the extent of absorption and a 

modest decrease in the rate of absorption (Tmax, delayed 2.5 hours).  Based on these data, in 

clinical trials of patients with CTCL, vorinostat was taken with food.  Distribution:  Vorinostat is 

approximately 71% bound to human plasma proteins.  Metabolism:  Vorinostat metabolism 

involves glucuronidation and hydrolysis followed by ß-oxidation.  The two resulting metabolites 

(O-glucuronide of vorinostat and 4-anilino-4-oxobutanoic) are pharmacologically inactive.  

Cytochoromes P450 seem not to be relevant in metabolism of vorinostat.  Excretion:  most of 

the drug is eliminated through metabolism.  Renal excretion does not play a role in the 

elimination of vorinostat.  Special populations: gender, race, and age have no apparently 

meaningful effects on vorinostat pharmacokinetics.   Vorinostat was not evaluated in patients < 

18 years of age, patients with hepatic or renal insufficiency. 

 

 

Pharmacodynamics: 

Histone acetylation was measured by Western-Blot or ELISA on histones isolated from PBMCs 

in a phase I trial with vorinostat in patients with advanced solid tumors.  The results showed a 
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trend for increased levels of acetylated histone H3 (AcH3) with higher doses of vorinostat (see 

Figure 2).51 

 

 

Figure 2.  Average histone H3 acetylation by dose group in a phase I trial of vorinostat in 

patients with advanced solid tumors (from W.Kelly et al.) 51 

 
 

2.5.4 Adverse effects of vorinostat 

 

The safety data from 86 CTCL patients treated with vorinostat in the pivotal and confirmatory 

trials are summarized in Table 1.  The median number of days on protocol treatment was 97.5.  

Seventeen (20%) patients received treatment for > 24 weeks.  Adverse events resulted in 

discontinuation of therapy in eight patients.  An additional nine patients (11%) required dose 

reduction.  Table 2 summarizes clinical or laboratory adverse events occurring in ≥ 10% of 

patients. 
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Table 2.  Adverse events secondary to vorinostat reported in at least 10% of patients. 

ADVERSE EVENT 

Vorinostat 400 mg once daily 

All grades Grades 3-4 

N % N % 

Fatigue 45 52.3 3 3.5 

Diarrhea 45 52.3 0 0 

Nausea 35 40.7 3 3.5 

Dysgeusia 24 27.9 0 0 

Thrombocytopenia 22 25.6 5 5.8 

Anorexia 21 24.4 2 23 

Weight decrease 18 20.9 1 1.2 

Muscle spasms 17 19.8 2 2.3 

Alopecia 16 18.6 0 0 

Dry mouth 14 16.3 0 0 

Blood creatinine increase 14 16.3 0 0 

Chills 14 16.3 1 1.2 

Vomiting 13 15.1 1 1.2 

Constipation 13 15.1 0 0 

Dizziness 13 15.1 1 1.2 

Anemia 12 14.0 2 2.3 

Decreased appetite 12 14.0 1 1.2 

Peripheral edema 11 12.8 0 0.0 

Headache 10 11.6 0 0.0 

Pruritus 10 11.6 1 1.2 

Cough 9 10.5 0 0.0 

Upper respiratory infection 9 1.05 0 0.0 

Pyrexia 9 10.5 1 1.2 
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Potential drug interactions: 

 

Coumarin-Derivative Anticoagulants: Prolongation of prothrombin time (PT) and International 

Normalized Ratio (INR) were observed in patients receiving vorinostat concomitantly with a 

coumarin-derivative anticoagulant.  It is recommended that PT and INR be carefully monitored 

in patients being concurrently treated with vorinostat and coumarin derivatives. 

 

Other HDAC inhibitors: Severe thrombocytopenia and gastrointestinal bleeding have been 

reported with concomitant use of vorinostat and other HDAC inhibitors (e.g., valproic acid).  

Platelet counts should be monitored every 2 weeks for the first 2 months. 

 

 

2.6 STUDY DISEASE 
 

This trial will be opened to patients with advanced malignancies.  We are particularly interested 

in enrolling patients with PIK3 mutations or a PTEN deletion. However patients do not need to 

be assessed for these genetic changes to be consented for this trial. 

 

2.7 RATIONALE FOR COMBINING SIROLIMUS OR EVEROLIMUS OR 
TEMSIROLIMUS AND VORINOSTAT 

 

 PIK3-Akt is one of the major signaling pathways in cancer. 3  mTOR functions downstream of 

the PIK3-Akt pathway and is phosphorylated in response to Akt activation.  Of note, there is a 

negative feedback loop through p70S6K that suppresses PIK3-Akt activation through 

degradation of insulin receptor substrates (IRS). 52  Recent reports have shown that mTORC1 

inhibition leads to disruption of this loop and increases Akt phosphorylation. This paradoxical 

PIK3/Akt activation in response to mTOR inhibition might explain resistance to this family of 

drugs.53  Thus combining mTOR inhibitors and PIK3/Akt inhibitors is a rational approach to 

overcome resistance to mTOR inhibition. 
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 Histone deacetylase (HDAC) inhibitors are a new class of targeted anticancer agents.  HDACs 

are enzymes that regulate chromatin structure and function through the catalysis of the removal 

of acetyl modifications from the lysine residues of histones. 54  In addition to its effects upon 

HDACs, vorinostat diminishes the kinase activity of PIK3 in vitro both in Jeko1 cells (Mantle cell 

lymphoma) and in PC3 cells (prostate cancer).  39  Inhibiting PIK3 activity in this manner could 

counteract paradoxical PIK3/Akt activation in response to mTOR inhibition. A recent study 

showed that adding vorinostat to temsirolimus (an analogue ester of sirolimus) dramatically 

suppressed survivin levels and produced greater tumor growth inhibition than single agent 

temsirolimus. 55 Thus, this combination has mechanistic promise that warrants further 

exploration in clinical trials in humans. 
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Figure 3. mTOR activation initiates a feedback inhibition of Akt through p70S6k activation.  

mTOR inhibition with sirolimus abrogates this negative feedback loop and leads to a paradoxical 
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increase in Akt-p.   Vorinostat has shown inhibitory activity on PI3K both in Jeko1 and PC3 cell 

lines.  Thus we hypothesize that addition of vorinostat might impede increased Akt-p in 

response to mTOR inhibition. 

 

2.8 HYPOTHESIS 
 

We hypothesize that vorinostat may reverse paradoxical PIK3 activation in response to mTOR 

inhibition and this may prevent development of resistance to rapalogues.  We expect that the 

combination will be safe and well tolerated.  

 

3. PATIENT SELECTION 
3.1.     ELIGIBILITY CRITERIA 

 

1. Patients must have a histologically-confirmed metastatic or locally advanced cancer that 

has failed to respond to standard therapy, progressed despite standard therapy, or for which 

standard therapy that increases survival by at least three months does not exist.  

 

2. There is no limit on the number of prior treatment regimens. 

  

3. Patients must be off prior cytotoxic chemotherapy for at least three weeks.   For biologic 

or targeted therapy, there should be five half-lives or three weeks, whichever is shorter, 

between their last treatment and the first dose on this trial.  

 

4.  Patients may receive palliative radiation therapy before or during treatment on protocol, 

provided that there is measurable or evaluable disease out of the radiation field.  Patients may 

receive palliative radiation therapy, if needed, 48 hours after last dose of investigational drug. In 

addition patients may be enrolled on trial seven days following palliative radiation.  We will 

closely monitor for the appearance of radiation recall reactions. Hormonal therapy may continue 

in patients who have been on such treatment for three months or longer.    
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5. ECOG performance status 0-3 (Appendix A) 

 

6. Patients must have adequate organ and marrow function, as defined below, within 14 

days (Table 3): 

 

 Table 3.  Adequate organ and marrow function: 

  Laboratory Test  Required value 

Absolute neutrophil count >1,000/μl 

Platelets >50,000/ µL  

total bilirubin  ≤2.0 X institutional upper limits of 

normal (exceptions may apply to benign 

non-malignant indirect 

hyperbilirubinemia such as Gilbert 

syndrome) 

ALT(SGPT) <2.5 X institutional upper limit of normal; 

if liver metastases present, then <5.0 

times normal 

creatinine  

 

≤2.0 mg/dL 

 

 

 

7. As the effect of sirolimus or everolimus or temsirolimus and vorinostat in combination on 

the developing human fetus is not known, women of child-bearing potential and men must agree 

to use adequate contraception (abstinence; hormonal or barrier method of birth control) for the 

study and at least 3 months after completion.   

 

8.    Female patients with child-bearing potential must have a negative serum or urine 

pregnancy test within 7 days of study enrollment.  Nursing mothers should discontinue nursing. 
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9.     Ability to understand and the willingness to sign a written informed consent document. 

 

10.      Measurable or evaluable disease  

 

11.      Patient must be able to swallow pills. 

 

3.2.   EXCLUSION CRITERIA 
 

1. Myocardial infarction within 3 months prior to starting treatment 

 

2. Concomitant use of phenytoin, carbamazepine, barbiturates, rifampin, phenobarbital or 

St. Johns wort, cyclosporine, diltiazem, ketoconazole should be discontinued if possible. The list 

of CYP3A4 inhibitors:  http://medicine.iupui.edu/clinpharm/ddis/clinical-table/ 

 

3. Patient has a known hypersensitivity to the components of study drugs, its analogues, or 

drugs of similar chemical or biologic composition. 

 

5. Patient is pregnant or breastfeeding. 

 

6. Major surgical procedure within 28 days of day 1 of therapy. 

 

7. Use of any other concurrent investigational agents or anticancer agents except for 

hormonal therapy as outlined in inclusion criteria. 

 

4.   PRETREATMENT EVALUATION 
 

Prior to enrolling on study, patients will undergo a thorough evaluation to determine eligibility, 

which will include:  

 

1. A history to include past treatment history, medical history, medications and physical 

http://medicine.iupui.edu/clinpharm/ddis/clinical-table/
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examination within two weeks before starting the protocol drugs. 

 

2. Complete blood count with differential, electrolytes, and liver function tests.  Blood work 

to determine eligibility must be within 14 days of enrolling on study. 

 

3. Imaging and tumor markers as appropriate will be assessed at baseline (within 30 days 

of first dose) and then after two cycles.  Thereafter, assessment will every two to three cycles or 

as clinically indicated   

 

4. Optional investigational PET-CT scan will be done between Days 22 and 29 of Cycle 1.  

 

5. Optional tumor biopsies will be done at baseline and again between Days 22 and 29 of 

Cycle 1.   Patients may have either one or two optional biopsies. 

 

6. Patients must sign an IRB-approved informed consent before treatment. 

 

 

5.  TREATMENT 
 

1. This protocol will utilize a standard 3+3 design.  Study drugs will be escalated per 

schema to maximize the dose of drugs when given concurrently.  Each cycle will last 28 days.  

All patients enrolled at each dose level will be evaluated for dose-limiting toxicities (DLTs) for 

the purpose of determining the MTD.  The dose escalation scheme is shown in Table 4. 

 

Table 4. Dose escalation scheme 
 

A. Sirolimus and vorinostat arm 

Dose Level Sirolimus (mg) orally Vorinostat (mg) orally 

0 (Starting dose 

level) 

All cycles: 1 mg d 1-28 Cycle 1: 100mg d 7-28 

Rest of the cycles: 100 mg d1-28 
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1 All cycles: 2 mg d 1-28 Cycle 1: 100 mg d 7-28 

Rest of the cycles: 100 mg d1-28 

2 All cycles: 2 mg d 1-28 Cycle 1: 200 mg d 7-28 

Rest of the cycles: 100 mg d1-28 

3 All cycles: 3 mg d 1-28 Cycle 1: 200 mg d 7-28 

Rest of the cycles: 200 mg d1-28 

4 All cycles: 3 mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

5 All cycles: 4 mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

5A All cycles: 5mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

6 All cycles: 4 mg d 1-28 Cycle 1: 400 mg d 7-28 

Rest of the cycles: 400 mg d1-28 

7 All cycles: 5 mg d 1-28 Cycle 1: 400 mg d7-28 

Rest of the cycles: 400 mg d1-28 

 

 

B. Everolimus and vorinostat arm 

Dose Level Everolimus (mg) orally Vorinostat (mg) orally 

1 All cycles: 5 mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

2 All cycles: 7.5 mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

3 All cycles: 10mg d 1-28 Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

 

C. Temsirolimus and vorinostat arm 

Dose Level Temsirolimus (mg) IV Vorinostat (mg) orally 
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1 All cycles: 12.5 mg d 1, 

8, 15, 22 

Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

2 All cycles: 20 mg d 1, 8, 

15, 22 

Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

3 All cycles: 25 mg d 1, 8, 

15, 22 

Cycle 1: 300 mg d 7-28 

Rest of the cycles: 300 mg d1-28 

 

At least three patients will be treated at each dose level.  If 0/3 patients exhibits a DLT after 4 

weeks, the next cohort of 3 patients will be treated at the next higher dose level.  If 1/3 patient 

exhibits a DLT related to the study agent(s), the cohort will be expanded to 6 patients.  If 1 of 6 

patients exhibits a DLT deemed to be related to the study agent(s), then the next cohort of 3 

patients will be enrolled at the next higher dose level.  If >=2/3 or >=2/6 patients exhibit a DLT 

related to the study agent(s), the MTD will be considered to have been exceeded and 3 more 

patients will be treated at the next lower dose if there are less than 6 patients already treated at 

that dose. Dose escalations will occur no sooner than 4 weeks after the last patient on the dose 

level has begun therapy to allow for full assessment of DLT.  The MTD is defined as the highest 

dose level in which 6 patients have been treated with less than 2 DLTs.  

 

Table 5. Escalation decision schema 

Number of Patients with 

DLT at a Given Dose Level 
Escalation Decision Rule 

0 out of 3 Enter 3 patients at the next dose level. 

>2 Dose escalation will be stopped.  The maximally tolerated 

dose (MTD) has been exceeded.  Three (3) additional 

patients will be entered at the next lower dose level if only 3 

patients were treated previously at that dose. 

1 out of 3 Enter 3 more patients at this dose level. 

If 0 of these 3 patients experience DLT, proceed to the next 

higher dose level. 
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If 1 or more of these 3 patients experience DLT, then dose 

escalation is stopped, and this dose is declared the 

maximally administered dose.  Three (3) additional patients 

will be entered at the next lower dose level if only 3 patients 

were treated previously at that dose. 

<1 out of 6  If <1 out of 6 at highest dose level below the maximally 

administered dose experience DLT, this dose will be 

declared as the MTD, which is generally the recommended 

phase 2 dose. At least 6 patients must be treated at the 

MTD. 

 

 

 

2. There will be no intra-patient dose escalation, and no patients will be enrolled in the next 

dose level until 3 patients enrolled at the previous dose level have completed at least four 

weeks of therapy.  If a DLT is observed in at least one or more of the first 3 patients of a 6-

patient cohort after one cycle (four weeks), then dose escalation will not proceed until all 6 

patients in the cohort have been assessed for toxicity after one cycle. 

 

3. Patients will continue treatment until their disease worsens, their side effects become too 

severe, or the physician or patient feels it is not in the patient’s best interest to continue.  A 

patient may also be discontinued for an inter-current illness that prevents further administration 

of treatment. 

 

4.  Route, and schedule for each medication are described in section 5.1 

 

5.  If an individual patient experiences any new grade 3 or greater toxicity, treatment will be 

held until recovery to </= grade 1 or to the baseline level.  The drug to which toxicity is attributed 

per the physician may be reduced by up to 50%.  If it is unclear which drug is responsible for 
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toxicity, both drugs will be reduced by up to 50%. Patients requiring dose reductions during the 

first four weeks of therapy will be replaced, as long as any toxicity leading to dose reduction is 

not considered a DLT. These patients may remain on treatment at the discretion of the 

physician. 

 

6. Up to 3 additional patients may be added to a cohort for evaluation of correlative studies 

or to better understand safety. These patients will be considered in the DLT analysis. If patients 

are added to a lower dose level and 33% or more patients in that cohort develop DLT then that 

dose level will be considered to be above the MTD. Specifically, the MTD is defined as the 

highest dose level in which 6 patients have been treated with less than 2 DLTs.   

If patients are added in order to better understand safety, progression to the next dose level will 

not proceed until those patients have been evaluated for four weeks. 

 

7. If a response has been observed in a particular tumor type with the study drug or drug 

combination, then the study may be expanded to include a total of 14 participants with that 

tumor type and those patients will be administered the highest safe dose yet determined.  All 

enrolled participants will be considered in the DLT analysis. If at any time 33% or more or the 

patients develop DLT(s), that dose will be considered to be above the MTD.  For the purpose of 

adding up to 14 additional participants in an expansion cohort, a tumor response is defined as 

one or more of the following: (1) stable disease for more than or equal to 4 months, (2) 

decrease in measurable tumor (sentinel lesions) by more than or equal to 20% by RECIST 

criteria (or at least partial response as per WHO criteria in lymphomas), (3) decrease in tumor 

markers by more than or equal to 25% (for example, a >/= 25% decrease in CA-125 for patients 

with ovarian cancer), or (4) a partial response according to the Choi criteria, i.e., decrease in 

size by 10% or more, or a decrease in the tumor density, as measured in Hounsfield units (HU), 

by more than or equal to 15%.  

 

 

8. If no response was observed at the MTD, up to an additional 14 patients (including all 

histology type) will be enrolled into the expansion cohort to explore preliminary clinical benefit, 
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and to gain insight of biological mechanisms of the regimen. This expansion cohort will continue 

to be monitored for DLTs. If 33% or more patients in that cohort develop DLT then that dose 

level will be considered to be above the MTD. 

 If at any time there are more than 33% of the patients experiencing a DLT, the expansion 

cohort will be terminated. 

 

9.  There will be expansion cohort for 30 patients with advanced Hodgkin lymphoma at the 

recommended phase 2 dose (as high as the MTD) of everolimus and vorinostat with pre-

treatment tumor biopsies, serial on treatment tumor biopsies and post-progression tumor 

biopsies (see the section 6.1.2.). The same toxicity monitoring rule in #8 above will be applied to 

this Hodgkin lymphoma expansion cohort.  

 

5.1.    AGENT ADMINISTRATION 
 

Sirolimus: will be administered orally once daily with food, at doses appropriate for the assigned 

dose level. 

 

Everolimus: will be administered orally once daily with food, at doses appropriate for the 

assigned dose level. 

 

Temsirolimus will be administered weekly as intravenous infusion over 30-60 minutes with 

premedication according to the standard local practice.  

 

Vorinostat: will be administered orally once daily with food as a 100 mg pill at doses appropriate 

for the assigned dose level. 

 

5.2.   DEFINITION OF DOSE-LIMITING TOXICITY 
 

Maximum tolerated dose (MTD) will be defined by dose-limiting toxicities (DLTs) that 1) occur 

during the first four weeks of therapy, 2) are related to the study medications (attributions: 
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possible, probable, and likely) and 3) fulfill one of the following criteria (as graded by the NCI 

Common Terminology Criteria for Adverse Events v 3.0 see Appendix): 

 

Any grade 3-4 non-hematologic toxicity (except for asymptomatic hyperglycemia, 

hypercholesterolemia, hyperlipidemia, alopecia, nausea, rash and vomiting or electrolyte 

imbalances responsive to appropriate regimens). 

 

Hematologic toxicity will be considered DLT if: 

• Neutropenia grade 4 lasting more than 7 days or accompanied by fever 

• Thrombopenia grade 4 lasting more than 7 days or accompanied by bleeding 

• Anemia grade 4 

 

Asymptomatic grade 3 hyperglycemia will be dose limiting only if it cannot be controlled with 

maximal medical therapy within 14 days of onset of the grade 3 toxicity. 

 

Grade 3 diarrhea, nausea, vomiting will only be dose limiting if it persists at that level despite 

maximal medical therapy attempted for a maximum of 14 days. 

  

Grade 3 rash will be dose limiting only if it persists at that level despite maximal medical therapy 

for more than 14 days. 

 

Grade 3 lipase elevations will not be considered dose limiting if the patient is not exhibiting signs 

of clinical pancreatitis.   

 

Neutropenia of grade 3 or higher will be defined as a DLT when the following circumstances are 

met: Duration of 7 days or more accompanied by fever 

 

Patients who have a DLT will be withdrawn from the study unless they have resolution of their 

DLT to baseline or ≤ grade 1.  If the DLT is resolved within the specific time frame, a patient 

may, at the discretion of the investigator, continue receiving treatment at the next lower dose 
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level for the remainder of the trial.  

 

 

5.3.   DURATION OF THERAPY 
 

In the absence of treatment delays due to adverse events, treatment may continue until one of 

the following criteria applies: 

 

Evidence of progressive disease. 

If the patient requests discontinuation. 

If the study drug exhibits unacceptable toxicity, defined as any grade 4 toxicity or recurrent 

grade 3 toxicity that is at least possibly related to drug after maximum dose reduction. 

If a patient becomes pregnant (for those patients able to conceive) or fails to use effective 

double-barrier birth control (for female and male patients). 

The patient develops a concomitant illness that precludes further participation in the trial. 

Noncompliance by the patient. 

 

6.   CORRELATIVE/SPECIAL STUDIES 
 

Pharmacodynamic and immunhistochemistry assays of histone acetylation, p-AKT, phospho-

S6, HIF-1α, LC3 and Beclin 1.   

 

    6.1.1.   Optional tumor biopsies 
Optional biopsies will be obtained at baseline and then between Days 22-29 of Cycle1 (before 

starting vorinostat).  One or two biopsies may be obtained from an individual patient. 

Biopsy specimens will be immediately placed in 10% formalin and then embedded in paraffin 

using standard pathology techniques.  Formalin-fixed paraffin sections (5 µm) will be used for 

immunohistochemical staining of p-AKT, p-S6 and HIF-1α.  Tumor biopsy analysis will be 

correlated with peripheral leukocyte analysis (described below).  The inhibition of these targets 

will be assessed as a percent change from baseline. 
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             6.1.2. Tumor biopsies in the Hodgkin lymphoma cohort 

Pre-, serial post-treatment (obtained on day 8 of cycle 1 after 7 days of everolimus monotherapy 

and on day 28 after day 8-28 administration of the vorinostat and everolimus combination) and 

post-progression tumor biopsies will be obtained from consenting patients for evaluation global 

molecular changes in the tumor and microenviroment. This will be done in conjuction with 

peripheral blood mononuclear cells collection. De-identified samples will be sent to and 

evaluated at the Translational Genomics Research Institute. 

 

  6.2.   Peripheral blood mononuclear cells (PBMCs) and plasma 
Histone acetylation and levels of total and p-AKT, total and p-S6, LC3 and Beclin 1 can be 

selectively detected in PBMCs using antibodies by Western blotting or ELISA.  The inhibition of 

these targets will be assessed as percent change from baseline. Peripheral blood for PBMC and 

plasma will be obtained at the following time points: baseline, Cycle 1/Day 7±1 day prior first 

dose of vorinostat, and then between Days 22-29 of Cycle 1. Two EDTA tubes of peripheral 

blood will be collected (1 tube for PBMC and 1 tube for plasma).   

 

7.   Pharmacokinetics 
Optional pharmacokinetic studies will be carried out in order to understand possible interactions 

between sirolimus and vorinostat.  Sirolimus has a relatively long mean half-life of 62 hours 

(range 46-78 hours) which could be extended to 113 hours in patients with hepatic impairment 

(Child-Pugh class A or B). Pharmacokinetic samples will be taken on Cycle 1/Day 7and Day 27 

± 2 days (this will be coincident with the day that patients begin vorinostat dosing as per 

protocol) at the following time points: pre-dose (prior to both sirolimus and vorinostat dosing); 

and post-dose at 30 minutes (± 10 minutes); 1 hour (± 10 minutes); 2 hours (± 10 minutes); 4 

hours (± 10 minutes); 6 hours (± 1 hour) and 24 hours (± 3 hours). 

 

8.  STUDY CALENDAR 
 

Assessment Tool Baseline Cycle 1 Cycle 2  Cycles 3 and 
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beyond 

Week Week Week 

1 2 3 4 1 2 3 4 1 2 3 4 

Sirolimus  X X X X X X X X X X X X 

Everolimus  X X X X X X X X X X X X 

Temsirolimus   X X X X X X X X X X X X 

Vorinostat 1   X X X X X X X X X X X 

Informed 

consent 

X             

History& 
Physical Exam4 

X     X    X    

CBC& 
differential2 

X X X X  X    X    

Serum 
chemistry2 

X   
 

  X    X    

Serum 
pregnancy test3 

X     X    X    

Imaging5 X         X    

Investigational 
PET/CT 

X    X         

Biomarker 
studies 
(optional)6 

X  X  X         

Biopsies 
(optional) 

X    X         

Biopsies  
(mandatory)7 

X  X  X         

PK (optional)  X  X          
1Vorinostat will not be started until day 7 of Cycle 1 only. 
2Blood work will be done approximately every two weeks. The exact week will be 
determined by physician based on individual patient conditions.   
Includes: liver function tests, creatinine, electrolytes, and kidney function tests. 
3Only if applicable.  Serum pregnancy tests will be performed on appropriate patients 
within two weeks of starting each cycle. 
4History and physical will be done at baseline and up to two weeks before each course 
5Type of imaging studies as appropriate to cancer type, repeated approximately every 8-
12 weeks, as clinically indicated. 
6 Biomarkers studies will be done at baseline, cycle 1/Day 7±1 day, and then between 
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days 22-29 of cycle 1. 
7 Biopsies at screening, on Days 8 and 28 of Cycle 1 are mandatory for lymphoma 
patients only.  
Note: Study calendar will be followed unless patient, medical, or logistical reasons 
intervene 
 

9.   MEASUREMENT OF EFFECT 
 

Patients with measurable disease will be assessed by standard criteria.  For the purposes of 

this study, patients should be re-evaluated every 8 weeks. Response will be evaluated using 

RECIST Version 1.0 for all non-lymphomas. 

 

  9.1. Definitions 
 

9.1.1. Measurable disease 

 

Measurable lesions are defined as those that can be accurately measured in at least one 

dimension (longest diameter to be recorded) with a minimum size of:  

10 mm by CT scan (CT scan slices no greater than 5mm) 

10 mm caliper measurement by clinical exam 

20 mm by chest X-ray 

 

9.1.2. Non measurable disease 

 

All other lesions (or sites of disease), including small lesions (longest diameter < 10mm), or 

lymph nodes < 15mm. As well as: bone lesions, leptomeningeal disease, ascites, 

pleural/pericardial effusions, lymphangitis cutis/pulmonis, inflammatory breast disease, 

abdominal masses (not followed by CT or MRI), and cystic lesions are all non-measurable. 

 

9.1.3 Target lesions 

 

All measurable lesions up to a maximum of 2 lesions per organ and 5 lesions in total 
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representative of all involved organs should be identified as target lesions and recorded and 

measure at baseline.  Target lesions should be selected on the basis of their size (lesions with 

the longest diameter) and their suitability for accurate repeated measurements (either by 

imaging techniques or clinically). A sum of the longest diameter (LD) for all target lesions will be 

calculated and reported as the baseline sum LD. The baseline sum LD will be used as reference 

by which to characterize the objective tumor response. 

 

9.1.4 Non-target lesions 

 

All other lesions (or sites of disease) should be identified as non-target lesions and should also 

be recorded at baseline. Non-target lesions include measurable lesions that exceed the 

maximum numbers per organ or total of all involved organs as well as non-measurable lesions. 

Measurements of these lesions are not required but the presence or absence of each should be 

noted throughout follow-up. 

 

9.2. Guidelines for evaluation of measurable disease 
 

All measurements should be taken and recorded in metric notation using a ruler or calipers. All 

baseline evaluations should be performed as closely as possible to the beginning of treatment.  

 

The same method of assessment and the same technique should be used to characterize each 

identified and reported lesion at baseline and during follow-up. Imaging-based evaluation is 

preferred to evaluation by clinical examination when both methods have been used to assess 

the antitumor effect of a treatment. 

 

Clinical lesions will only be considered measurable when they are superficial (e.g. skin nodules 

and palpable lymph nodes). In the case of skin lesions, documentation by color photography, 

including a ruler to estimate the size of the lesion, is recommended. 
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9.3.    Response criteria 
 

9.3.1. Evaluation of target lesions 

 

Complete Response (CR): Disappearance of all target lesions. 

 

Partial Response (PR): at least a 30% decrease in the sum of the longest diameter (LD) of 

target lesions, taking as reference the baseline sum LD. 

 

Progressive Disease (PD): at least a 20% increase in the sum of the LD of target lesions, taking 

as reference the smallest sum LD recorded since the treatment started or the appearance of 

one or more new lesions. 

 

Stable Disease (SD): neither sufficient shrinkage to qualify for PR nor sufficient increase to 

qualify for PD, taking as reference the smallest sum LD since the treatment started. 

 

 

 

9.3.2  Evaluation of non-target lesions 

 

Complete Response (CR): Disappearance of all non-target lesions and normalization of tumor 

marker level. 

 

Incomplete Response/Stable Disease (SD): Persistence of one or more non-target lesion(s) 

or/and maintenance of tumor marker level above the normal limits. 

 

Progressive Disease (PD): Appearance of one or more new lesions and/or unequivocal 

progression of existing non-target lesions. 

 

Although a clear progression of “non-target” lesions only is exceptional, in such circumstances, 
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the opinion of the treating physician should prevail, and the progression status should be 

confirmed at a later time by the review panel (or study chair). 

 

 

9.3.3. Tumor markers 

 

It is not known what the effect of these molecularly targeted agents is on tumor markers.  We 

will obtain appropriate tumor markers in patients based on their tumor type (e.g. PSA, CEA, CA-

125, and CA 19-9) but will not use these changes in assessment of response or progression. 

 

9.3.4. Response evaluation in lymphomas 

In Lymphomas, response to therapy will be evaluated using standardized CHESON criteria. 

 

 

10. STATISTICAL CONSIDERATIONS 
10.1. Study designs/endpoints 

10.1.1. Primary Objective 

 

The primary objectives of this trial are to determine the maximum tolerated dose (MTD) and 

dose-limiting toxicities (DLT) of combination treatment with sirolimus and vorinostat in patients 

with advanced cancer who have progressed on standard therapy. 

The agents will be administered using the dose levels specified in Table 4 of Section 5.  A 

standard 3+3 design will be used for dose-escalation and MTD determination. The details of the 

dose escalation schema are described in section 5.1 and Table 5.  The MTD is defined as the 

highest dose level in which 6 patients have been treated with less than 2 DLTs in the first cycle 

(4 weeks) of treatment.  

There will be no intra-patient dose escalation during the first four weeks of treatment and no 

patients will be enrolled in the next dose level until three patients enrolled at the previous dose 

level have completed at least four weeks of therapy.  If a DLT is observed in one of the three 
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patients after one cycle, then dose escalation will not proceed until six patients in the cohort 

have been assessed for toxicity after one cycle.   A patient will be replaced if he/she withdrew 

from the study prior 4 weeks of evaluation period due to any reason other than toxicity. 

The proportion of patients with DLTs will be summarized by dose combinations. All AEs will be 

tabulated by dose combination, toxicity type, and degree of severity. 

 

10.1.2. Secondary Objective 

 

The secondary objective of the study is to explore the preliminary clinical efficacy of the 

combination regimen. 

  

Since both agents are targeted therapies, we acknowledge that the study may have limitations 

for detecting tumor shrinkage. The study will explore tumor response or disease stabilization > 4 

cycles defined by RECIST criteria.  The proportion of patients who experience a PR, CR or SD 

will be summarized by dose combination.  

 

Another secondary objective is to define pharmacokinetic (PK) and pharmacodynamic (PD) 

profile of the combination of sirolimus and vorinostat. The three pharmacokinetic parameters, 

peak serum level (Cmax), the trough level (Cmin), and the Area Under the serum concentration 

time Curve (AUC), will be summarized using descriptive statistics for each individual dose 

combination.  

 

The optional PD endpoints (p-AKT, phospho-S6, HIF-1α and H3) will be analyzed in patients 

treated at the MTD.  This includes many correlative studies that will be performed in this 

protocol.  Descriptive statistics, Pearson or Spearman correlation coefficients and graphic 

methods, will be used to explore the association and summarize the observations.  An absolute 

change from baseline will be summarized using descriptive statistics as mean, standard 

deviation, median and range.   
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10.1.3. Sample size accrual rates 

 

Up to 249 patients will be enrolled into this study, at a rate of 4-6 patients per month. There are 

9+3+3=15 proposed dose levels with maximum of 9 patients per dose level, plus an additional 

expansion of (1) 14 patients with a particular histology if responses for that histology have been 

observed (based on early efficacy data we anticipate 5 expansion cohorts) and (2) 14 patients 

with any histology and (3) 30 patients with Hodgkin lymphoma. Expansion cohort for all tumor 

types allows overlapping histology with the other expansion cohorts.  

Patients enrolled in the expansion cohorts will be considered in the DLT analysis. 

 

11.        DATA REPORTING 
 

Adverse Event (AE) – Any untoward or unfavorable medical occurrence in a human subject, 

including any abnormal sign (for example, abnormal physical exam or laboratory finding), 

symptom, or disease, temporally associated with the subject’s participation in the research, 

whether or not considered related to the subject’s participation in the research. 

 

Serious Adverse Event (SAE) – Any AE associated with the subject’s participation in research 

that:   

• results in death;  

• is life-threatening, (places the subject at immediate risk of death from the event as it 

occurred); 

• results in inpatient hospitalization or prolongation of existing hospitalization; 

• results in persistent or significant disability/incapacity;  

• results in a congenital anomaly/birth defect; or 

• based upon appropriate medical judgment, may jeopardize the subject’s health and may 

require medical or surgical intervention to prevent one of the other outcomes listed in 

this definition. 

 

Serious Internal AEs (SIAEs) requiring prompt reporting to the IRB 
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All internal AEs that include all of the following will require prompt reporting to IRB via the Office 

of Protocol Research (OPR):  

• Serious  

• Unexpected 

• Related (definitely, probably, or possibly related) to participation in the research. 

 
Timeline for prompt reporting: 

 

1. Within 1 working day (24 hours) from the time the research team becomes aware of 
the event = Deaths that are unexpected and definitely, probably or possibly related to study 

intervention that occur during and within 30 days after the last day of active study 

intervention.  

 

2. Within 5 working days from the time the research team becomes aware of the event = 
All other serious, unexpected and definitely, probably or possibly related AEs.  

 

SAEs will require prompt reporting from the time protocol specific consent is signed, and 

screening has begun, during the course of study intervention and within 30 days after the last 

day of active study intervention.  

 

Beyond 30 days of study intervention, completion of only those SAEs that, in the judgment of 

the investigator, are related to research will require prompt reporting. 

SIAEs Requiring Documentation on AE Log: 

 

All SIAEs that do not fall under the prompt reporting requirements should be reported during 

continuing review using the Internal SAE Log or database printout. 

 

Note: If a trend or recurring adverse events are seen, the PI should report these events using 

the Internal SAE report Form for prompt reporting.  
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13.      Appendix A 
 

Performance Status Criteria 

 

 
ECOG Performance Status Scale 

 
Karnofsky Performance Scale 

Grade Descriptions Percent Description 

0 
Normal activity.  Fully active, able 
to carry on all pre-disease 
performance without restriction. 

100 Normal, no complaints, no evidence 
of disease. 

90 
Able to carry on normal activity; 
minor signs or symptoms of 
disease. 

1 

Symptoms, but ambulatory.  
Restricted in physically strenuous 
activity, but ambulatory and able 
to carry out work of a light or 
sedentary nature (e.g., light 
housework, office work). 

80 Normal activity with effort; some 
signs or symptoms of disease. 

70 Cares for self, unable to carry on 
normal activity or to do active work. 

2 

In bed <50% of the time.  
Ambulatory and capable of all self-
care, but unable to carry out any 
work activities.  Up and about 
more than 50% of waking hours. 

60 
Requires occasional assistance, but 
is able to care for most of his/her 
needs. 

50 Requires considerable assistance 
and frequent medical care. 

3 

In bed >50% of the time.  Capable 
of only limited self-care, confined 
to bed or chair more than 50% of 
waking hours. 

40 Disabled, requires special care and 
assistance. 

30 Severely disabled, hospitalization 
indicated.  Death not imminent. 

4 

100% bedridden.  Completely 
disabled.  Cannot carry on any 
self-care.  Totally confined to bed 
or chair. 

20 Very sick, hospitalization indicated. 
Death not imminent. 

10 Moribund, fatal processes 
progressing rapidly. 

5 Dead. 0 Dead. 
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