
R E V I EW

mTOR inhibitor use in head and neck squamous cell carcinoma:
A meta-analysis on survival, tumor response, and toxicity

Jaimin Patel MD1 | Shaun A. Nguyen MD1 | Besim Ogretmen PhD1 |

Jorge S. Gutkind PhD2 | Cherie-Ann Nathan MD3 | Terry Day MD1

1Head and Neck Tumor Center, Hollings Cancer Center, Department of Otolaryngology—Head and Neck Surgery, Medical University of South Carolina, Charleston,

South Carolina

2Moores Cancer Center, Department of Pharmacology, University of California San Diego, La Jolla, California

3Head and Neck Surgical Oncology, Feist-Weiller Cancer Cancer, Department of Otolaryngology—Head and Neck Surgery, Lousiana State University Health Center,

Shreveport, Louisiana

Correspondence

Terry Day, Head and Neck Tumor Center,

Hollings Cancer Center, Department of

Otolaryngology—Head and Neck Surgery,

Medical University of South Carolina,

135 Rutledge Avenue, Rm 1133, MSC

550, Charleston, SC 29425.

Email: dayt@musc.edu

Funding information

National Institute of Dental and Craniofacial

Research, Grant/Award Number: R01

DE016572

Abstract

Background: Head and neck squamous cell carcinoma (HNSCC) has been rising in

incidence primarily related to HPV-associated oropharyngeal cancers. Novel molecu-

lar therapeutics are evolving with the mTOR pathway as a new target. Previous stud-

ies have shown variable outcomes with relatively low toxicity. This study reports the

tumor response, survivability, and toxicity of mTOR inhibitors (mTORi) in HNSCC.

Despite expanding research on this pathway, there remains controversy around

mTORi use for treatment of HNSCC.

Materials and methods: Studies were included if: (a) Used mTORi alone or in combi-

nation with other treatment modalities in HNSCC. (b) Site of cancer included were

one of the following: nasopharyngeal, oral cavity, oropharynx, hypopharynx or larynx.

(c) All stages of cancer and treatment stage (neoadjuvant, adjuvant, and palliative)

were included. The rate of adverse events (AEs), tumor response, progression free

survival, and overall survival were meta-analyzed.

Results: From 1299 publications only 11 studies met inclusion criteria with a com-

bined 232 total patients treated. Two studies used mTORi neoadjuvantly, five

adjuvantly, and four in palliative/unresectable/metastatic setting. Monotherapeutic

mTORi resulted in stabilization of disease (52.5%), but partial response was the most

common response when mTORi were combined with chemotherapy and/or radiation

(CRT) (48.1%). Survival rate was the highest in the mTORi combined with CRT.

Hyperglycemia of any grade was the most commonly reported toxicity while grade

3 or less AEs were the most common grade of toxicity.

Conclusion: The use of mTORi as monotherapy in HNSCC has thus far not yielded

significant tumor response, however, in combination with other agents, an improved

partial tumor response is evident that may or may not be associated with the addition
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of mTORi. Although adverse events were common, grade 4/5 AEs were uncommon.

Further prospective, randomized clinical trials are necessary to confirm the direct

roles of these agents in HNSCC tumor response.

Level of evidence: 2a

K E YWORD S

head and neck cancer, head and neck squamous cell carcinoma, mTOR inhibitors, oral cancer,

oropharyngeal cancer, outcomes

1 | INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) comprises of can-

cers in the nasal cavity, nasopharynx, oral cavity, oropharynx, hypo-

pharynx, and larynx. Annually, approximately 600,000 new cases are

reported worldwide, frequently found as locally advanced disease.1,2

Epidemiologic study of cancers reports an increase in the incidence

rate of oral cancer.3 Moreover, oropharyngeal squamous cell carci-

noma (OPSCC) is also on the rise with an association of the high risk

strains of human papilloma virus (HPV) infection.4 Due to the late

diagnosis of these cancers, the morbidity is known to be tremendous

with impact on cosmesis, eating, drinking, speech, swallowing, breath-

ing, and physical and mental treatment related consequences.5 Thus,

treatments have evolved over the past few decades with surgery and

radiation therapy as the mainstay of management to a multimodal

approach including chemotherapy, targeted therapies, and immuno-

therapy.6-8 One promising target is the mammalian target of

rapamycin (mTOR), which is a seronine/threonine kinase involved in

the activation of the oncogenic PI3K/AKT pathway. The hyperactivity

and deregulation of the mTOR pathway has been found to be one of

the most common molecular aberrations in HNSCC making it an opti-

mal target for intervention.9,10

The origins of the mTOR protein can be derived from its name,

“mammalian Target Of Rapamycin.” Rapamycin is an antibiotic discov-

ered almost half a century ago, but became popular in 1999, following

FDA approval for kidney transplant recipients.11 The neoplastic

potential of the PI3K/AKT/mTOR signaling pathway came into ques-

tion as a variety of growth factors including: insulin-like growth factor

(IGF1), vascular endothelial growth factor (VEGF), platelet-derived

growth factor (PDGF), and epidermal growth factor (EGF), facilitate

the activation of their downstream targets through this pathway.12

The pro-oncogenic nature of the PI3K/mTOR/AKT pathway became

evident in various tumors, including HNSCC.13,14 The use of

rapamycin and rapalogs in cancer treatment began with a focus on

identifying biomarkers to predict efficacy of treatment and prognosis

of the patient.15,16 Clinical trials with rapalogs have been investigated

in the treatment of HNSCC.11 There is evidence suggesting the prog-

nostic association between alteration in this pathway for patients with

HNSCC and the resultant poor survival rates.16 However, no study to

date has compared the use of the various agents and efficacy of

mTOR inhibition in HNSCC with a focus on survival, the resultant

response of the tumor and subsequent toxicity profile to the patient.

Therefore, this meta-analysis will summarize the evidence regarding

the use of mTOR inhibitors (mTORi) in HNSCC, and the ensuing sur-

vival rate, tumor response, and toxicity profile to the patient.

2 | METHODS

2.1 | Study design

2.1.1 | Inclusion criteria

This meta-analysis followed the Preferred Reporting Items for

Systemics Reviews and Meta-Analysis (PRISMA) Checklist.17 A meta-

analysis was conducted on clinical trials using mTORi in HNSCC to

quantify the rate of adverse events (AEs), tumor response, progression

free survival (PFS), and overall survival (OS). Studies were included

which met the following inclusion criteria: (a) Used mTORi alone or in

combination with other treatment modalities in HNSCC. (b) Site of

cancer must have included one of the following: nasopharyngeal, oral

cavity, oropharynx, hypopharynx or larynx. (c) All stages of cancer and

treatment stage (neoadjuvant, adjuvant, and palliative) were included.

2.1.2 | Exclusion criteria

Studies not in English were excluded, along with the following rea-

sons: (a) upstream inhibition of the mTOR pathway without explicitly

targeting the mTOR protein; (b) study included patients with cancer

sites other than HNSCC and data was not extractable;

(c) experimental analysis were conducted in vitro or in vivo models;

(d) study did not report survival data, tumor response evaluation

through the “Reporting the Response Evaluation Criteria in Solid

Tumors” (RECIST) score or toxicity profile of the patient through the

“Common Terminology Criteria for Adverse Events” (CTCAE);

(e) published material were review articles, letters, personal opinions,

book chapters, case reports or conference abstracts.

2.2 | Information sources and search terms

Search was conducted on May 6, 2019. The following data sources

were investigated: PubMed, ScienceDirect, and Scopus. The search
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terms included: mTOR inhibitor, mTOR/PI3K inhibitor, mTORC1

inhibitor, mTORC2 inhibitor, HNSCC subsites, and human. All refer-

ences associated with this study were managed by Endnote reference

manager (Thomas Reuters, Virginia).

2.3 | Study selection

After the search query, the articles were screened by two authors

(J.P., S.N.); each independently reviewed the title and abstracts and

removed articles that did not meet the inclusion criteria. Next, the

authors read the sum of the remaining articles and excluded any arti-

cles based on the criteria previously outlined. Any discrepancy was

resolved by the third author if needed.

2.4 | Data collection process and data items

The following information was extracted from the selected studies:

authors, publication date, country, tumor site, HPV status, number of

patients, median age (years), median follow up (months), stage of can-

cer, treatment modality, stage of treatment, median overall survival

(mOS), median progression free survival (mPFS), RECIST data, and

AEs. Articles were critically appraised to assess level of evidence using

the Oxford Center for Evidence-Based Medicine criteria.18 In addition,

potential publication bias was assessed with a funnel plot via the

Sterne and Egger method.19

2.5 | Biostatistics

A meta-analysis of proportions was performed using MedCalc 18.10.2

(MedCalc Software bvba, Belgium). Primary outcomes, including rates

of RECIST complete response (CR), partial responses (PR), stable disease

(SD), progressive disease (PD), AEs grades, mOS, and mPFS were evalu-

ated for each respective group (mTOR only, mTOR with combination

chemotherapy and/or radiation and/or upstream inhibitor). Each tech-

nique was weighted according to the number of patients treated. The

program MedCalc lists the proportions (expressed as a percentage),

F IGURE 1 Flow diagram of literature search
adapted from PRISMA flow diagram17

F IGURE 2 Funnel plot of included studies
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with their 95% CIs, found in the individual studies included in the meta-

analysis. The pooled proportion with 95% CI is given both for the fixed

effects model and the random effects model. Each technique was

weighted according to the number of patients treated. MedCalc used a

Freeman-Tukey transformation to calculate the weighted summary pro-

portion under the fixed and random effects model.20,21 Both the fixed

effects model and the random effects model were used in this study. If

there is high heterogeneity (I2 > 50%), then a random effects model is

used; if low heterogeneity, then a fixed effects model is allowable.

Using random effect modeling is more conservative, thus, it is prefera-

ble to assume random effects modeling unless I2 is small. Potential pub-

lication bias was assessed with a funnel plot. Two diagonal lines

represent (pseudo) 95% confidence intervals (effect size ± 1.96 SE)

around the summary effect for each SE on the vertical axis. These show

the expected distribution of studies in the absence of heterogeneity or

selection bias. In the absence of heterogeneity, 95% of the studies

should lie within the funnel defined by these diagonal lines. A P value of

<.05 was considered to indicate a statistically significant difference for

all statistical tests.

3 | RESULTS

3.1 | Study selection

Initially, 1299 citations were identified with 1259 remaining after dupli-

cates were removed. Comprehensive evaluation of the titles and

abstracts removed 1236 citations, leaving 23 remaining articles. A full-

text review excluded 12 articles. The remaining 11 were selected for

analysis.22-32 The PRISMA diagram is shown in Figure 1. According to

funnel plot (Figure 2) and the Egger's test, there was no indication of

publication bias among the set of studies included in this meta-analysis.

3.2 | Study characteristics

Of the included studies, all were prospective in nature, but none were

randomized or controlled; there is one phase zero study, four phase I,

five phase II, and one phase I/II study. A total of 232 patients were

assessed with the largest study comprising 40 patients and the smallest,

TABLE 2 Summary of study methods

Author Prior tx (n) Tx stage P/R/M

Treatment

Modality Route

Dosage

(mg) Interval

MTD

(mg)

Ekshyyan et al None (12) Neoadjuvant (NPT) P Temsirolimus IV 25 3 times a week -

Fury et al (2012) CT (14)

RT (12)

Adjuvant R/M Paclitaxel

Carboplatin

Temsirolimus

IV

IV

IV

80

1.5b

15, 20, 25

Weekly

Weekly

Weekly 25

Bauman et al CT (5)

TKI (2)

None (5)

Palliative (TF) R/M Erlotinib

Temsirolimus

PO

IV

150

15

Daily

Weekly

-

Fury M,

Lee N et al (2013)

Surgery (10)

CT (2)

Adjuvant P/R RT

Cisplatin

Everolimus

-

IV

PO

-

30

2.5,5, 7,10a

-

Weekly

Daily 5

Fury et al (2013) None (18) Adjuvant P Docetaxel

Cisplatin

Everolimus

Pegfilgrastim

IV

IV

PO

SQ

75

75

5, 7.5, 10a

6

Every 21 days

Every 21 days

Weekly

Day 2/21 cycle

7.5

Saba et al CT (14)

Surgery (10)

RT (17)

None (2)

Adjuvant R/M Cetuximab

Carboplatin

Everolimus

IV

IV

PO

400 LD, 250

2b

2.5, 4, 7.5, 10a

Weekly

Weekly

Daily 2.5c

Grunwald et al CT (40) Palliative (TF) R/M Temsirolimus IV 25 Weekly -

Massarelli et al CT (36) Palliative (TF) R/M Erlotinib

Everolimus

PO

PO

150

5

Daily

Daily

-

Geiger et al CT (9) Palliative (TF) R/M Everolimus PO 10 Daily -

Dunn et al None (24)

CT (12)

Adjuvant R/M Paclitaxal

Carboplatin

Temsirolimus

IV

IV

IV

80

1.5b

25

Day 1,8, 21

Day 1,8,21

Day 1,8,21

-

Day et al None (16) Neoadjuvant (NPT) P Rapamycin PO 15 LD, 5 Daily -

Abbreviations: CT, chemotherapy; IV, intravenous; LD, loading dose on day 1; MTD, maximum tolerated dose of mTOR inhibitor; NPT, no prior treatment;

P/R/M, primary/recurrent/metastatic; RT, radiation therapy; SQ, subcutaneous; TF, treatment failure; Tx, treatment; TKI, tyrosine kinase inhibitor PO, oral;

“-”not applicable or available data.
aDosing groups.
bDosing based on area under the curve in mg/ml/min.
cMTD 2.5 mg every other day.
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7 patients. The mean of the median age of patients is 59 years (30-87).

All but one was conducted in the United States, the remainder was

based in Germany.26 The most common cancer subsites were oropha-

ryngeal (45.7%), oral cavity (20.3%), and laryngeal (11.6%). Of patients

tested for HPV status (47.0%), a total of 46 (42.2%) were deemed

HPV+. Two studies used mTORi neoadjuvantly in primary HNSCC

prior to standard of care;30,32 five used mTORi in the adjuvant setting

with chemotherapy and/or radiation therapy (CRT). Of these five,

three treated patients for recurrent and/or metastatic HNSCC

(RMHNSCC),25,29,31 one for primary HNSCC,24 and one for both primary

and recurrent HNSCC.23 Lastly, four used mTORi in a palliative setting

for RMHNSCC.22,26-28 Two of the four studies used a upstream inhibitor

of the mTOR pathway in combination with a direct mTORi.22,27

Notably, there was heterogeneity in the previous treatments received by

the patients with RMHNSCC. All of these patients failed platinum based

chemotherapy prior to receiving mTORi. Summary of the demographics

and methods is reported in Tables 1 and 2. In addition, the mOS, mPFS,

RECIST scores, and CTCAE grades, are summarized in Table 3.

3.3 | Synthesis of results

3.3.1 | mTORi as monotherapy

The phase zero study neoadjuvantly treated primary oral cavity or oro-

pharynx cancer with temsirolimus.32 They recruited 16 patients to their

TABLE 3 Summary of RECIST, CTCAE, mPFS, and mOS

Author RECIST

All adverse
events
(CTCAE)

mOS mPFS
(months) (95% CI) Author RECIST

All adverse
events
(CTCAE)

mOS mPFS
(months) (95% CI)

Bauman et al CR-0

PR-1

SD-0

PD-4

G1-23

G2-17

G3-13

G4-4

G5-1

≤G3-51

mOS: 4 (NR)

mPS: NR

Massarelli et al CR-0

PR-1

SD-11

PD-24

G1-110

G2-59

G3-24

G4-1

G5-NR

≤G3-193

mOS: 10.25 (NR)

mPFS: 2.98 (NR)

Fury M,

Lee N et al

NR G1-NR

G2-NR

G3-NR

G4-0

G5-NR

≥G3-44a

mOS: 92% @ 2 years

(54-99)

mPFS: 85% @ 2 years

(51-96)

Geiger et al CR-0

PR-0

SD-2

PD-5

G1-67

G2-55

G3-16

G4-NR

G5-NR

≤G3-138

mOS: 18 (NR)

mPFS: 6 (NR)

Fury et al (2013) NR G1-NR

G2-NR

G3-30

G4-11

G5-NR

≤G3-235

mOS: 91% @ 2 years

(50.8-98.7)

mPFS: 87.5% @ 2 years

(56.8-96.7)

Dunn et al CR-0

PR-15

SD-19

PD-0

G1-NR

G2-NR

G3-92

G4-4

G5-1b

≤G3-575

mOS: 12.8 (9.8-15.8)

mPFS: 5.9 (4.8-7.1)

Fury et al (2012) CR-0

PR-4

SD-2

PD-NR

G1-NR

G2-NR

G3-26

G4-3

G5-NR

≤G3-141

mOS: 15.7 (6.6-18.5)

mPFS: NR

Ekshyyan et al NR G1-12

G2-3

G3-0

G4-0

G5-0

≤G3-15

NR

Saba et al CR-0

PR-9

SD-0

PD-3

G1-NR

G2-NR

G3-NR

G4-NR

G5-NR

≥G3-40a

mOS: NR

mPFS: 8.15 (NR)

Day et al CR-1

PR-3

SD-12

PD-0

G1-17

G2-6

G3-1

G4-0

G5-NR

≤G3-24

NR

Grunwald et al CR-0

PR-0

SD-19

PD-10

G1-NR

G2-NR

G3-15

G4-4

G5-NR

≤G3-125

mOS: 5.06 (2.53-8.53)

mPFS: 1.86 (1.2-3.77)

Abbreviations: CI, confidence interval; CR, complete response; CTCAE, Common Terminology Criteria for Adverse Events; G, grade (1–5); mOS, median

overall survival; mPFS, median progression free survival; NR, not reported; PD, progressive disease; PR, partial response; RECIST, Response Evaluation

Criteria in Solid Tumors; SD, stable disease.
aAuthor reports ≥grade 3 compared to ≤grade 3.
bAuthor reports one sudden death categorized as grade 5 but not proven to be related to mTOR inhibition.

248 PATEL ET AL.



study, of which 12 (75%) had AEs. These patients most commonly had a

grade 1 or 2 rash. Additionally, 8 patients had a reduction in tumor size,

however, it was not classified by the RECIST criteria. The phase II study

from Germany recruited 40 RMHNSCC patients for palliative therapy

with temsirolimus.26 No objective response was achieved, however

19 (47.5%) patients maintained SD. Thirteen (32.5%) achieved some

form of tumor shrinkage but did not meet criteria for PR. In addition,

10 (25%) patients had PD. Ten (25%) had an early death, and 1 patient

(2.5%) was nonassessable. The mPFS was 1.86 months (95% CI

1.20-3.77) with a mOS of 5.06 months (95%CI 2.53-8.53). The most

common toxicities were fatigue, anemia, nausea, and pneumonia. In

another phase II trial, 9 patients with RMHNSCC were treated with

monotherapy of everolimus.28 Seven (78%) were evaluable for a

response but no objective response was observed. Only two had SD

and the remaining 5 had PD. The mPFS was 1.5 months and the mOS

was 4.5 months. Only grade 3 or less AEs were observed. The combined

phase I/II study utilized rapamycin monotherapy in treatment naive

HNSCC.30 Sixteen patients were recruited to the study, of which one

(6%), had a CR, three (19%) had PD, and 12 (75%) had SD. The most

common AEs were thrombocytopenia and neutropenia with majority

being grade 1 or 2 with one exception of grade 3 hypokalemia.

Analysis of mTORi monotherapy resulted in grade 3 or less AEs in

98.8% (95% CI 96.8-99.7) of the patients. Grade 4 and 5 symptoms

were minimally noted with a rate of 5.38% and 1.1% (95% CI 1.1-11.5,

0.0-4.5) respectively. The rate of SD was 52.5% (95% CI 39.8-64.9),

PR rate was 5.5% (95% CI 0.1-22.9), and PD was 25.2% (95% CI

1.6-63.7). Of note, CR was observed in only 1 patient throughout the

study, therefore it was excluded from analysis. The weighted mPFS

and mOS rate of 1.8 months and 5 months, respectively.

3.3.2 | mTORi with combination CRT

Five studies used mTORi with CRT, of which four were phase I and

one phase II. In 2012, a phase I study of temsirolimus in combination

with paclitaxel, and carboplatin was undertaken with 18 RMHNSCC

patients.31 There were 4 (22%) PR and two (11%) SD. The mOS was

15.7 months (95% CI 6.6-18.5). The most common AEs included pan-

cytopenia, hyperglycemia and fatigue with majority being grade

1 through 3. Additionally, this drug combination produced a maximum

tolerated dose (MTD) of 25 mg of temsirolimus. In 2013, two phase I

studies were performed. One investigated everolimus and cisplatin in

F IGURE 3 Individual treatment group analysis of CTCAE. C/R, chemotherapy/radiation group; UI, upstream inhibitor (EGFR)
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combination with intensity modulated radiation therapy in both pri-

mary and recurrent disease.23 Complete RECIST data was not

reported explicitly in this study. The MTD of everolimus was reported

to be 5 mg daily. The two-year PFS rate was 85% and the two-year

OS rate was 92%. The most common grade 3 or greater AEs were

lymphopenia, mucositis, oral pain, dysphagia, hyperglycemia, and leu-

kopenia. The second study investigated everolimus in combination

with pegfilgrastim and docetaxel plus cisplatin in patients with primary

HNSCC.24 Eighteen patients were recruited for the study. Tumor

response was reported with percentage of shrinkage, but not reported

through the RECIST criteria. The most common AEs were anemia,

thrombocytopenia, hyperglycemia, and fatigue with two incidences of

grade 3 or worse events. The rates of mOS and mPFS at 2 years were

91% and 87.5%, respectively. In 2014, a phase I study of cetuximab,

carboplatin and everolimus was conducted in RMHNSCC.25 Twenty

patients were enrolled but only 13 were included in the final analysis.

Nine of the 13 had a PR and three had PD. The mPFS was

8.15 months. The most common grade 3 or greater AEs reported were

neutropenia, hyperglycemia, anaphylaxis, hypokalemia, and leukope-

nia. The MTD was found to be 2.5 mg of everolimus every other day

in combination with the other drugs. The phase II study combined

temsirolimus with carboplatin and paclitaxel in 36 patients with

RMHNSCC.29 Fifteen patients had a PR and 19 had SD. The mPFS

was 5.9 months (95% CI 4.8-7.1) and the mOS was 12.8 months (95%

CI 9.8-15.8). The toxicity profile was grade 3 or less, with the excep-

tion of one patient who experienced grade 4 toxicity.

Combining mTORi with CRT showed a different toxicity profile

than that of mTORi alone. The rate of grade 4 AEs was 28% (95% CI

5.6 to 59.1). However, the rates of grade 3 or less and grade 5 AEs

were similar at 97.6% (95% CI 94.7-99.4) and 2.5% (95% CI 0.3-9.0)

respectively. The PR and PD rates were 48.1% (95% CI 34.0-62.4) and

7.7% (95% CI 1.7-40.8%). The rate of SD was 21.2% (95% CI

3.5-83.1). The weighted mPFS and mOS of patients on combination

CRT was 6.5 months and 13.8 months respectively.

3.3.3 | mTORi with EGFRi

Upstream inhibition of the EGFR has also been investigated as a com-

bination treatment with mTORi. Two phase II studies with erlotinib

F IGURE 4 RECIST outcome of mTOR monotherapy or combination therapy. C/R, chemotherapy/radiation group; PD, progressive disease;
PR, partial response; SD, stable disease; UI, upstream inhibitor (EGFR)
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and temsirolimus were conducted in a palliative setting.22,27 Bauman

et al recruited 12 patients of which 6 had to withdraw due to toxicity

or death. Since the observed toxicity rate was greater than 30%, the

study was terminated. The mPFS was 1.9 months. Six patients experi-

enced head and neck edema, possibly a side effect of temsirolimus.

The second combination study recruited 36 patients.27 One patient

(3%) had a PR, 11 (31%) had SD, with an overall mPFS at 2.98 months

and mOS at 10.25 months. Only one AE was grade 4, the remainder

were grade 3 or less.

The rate of grade 4 AEs was 15.1% (95% CI 0.0-53.3). Otherwise,

the rates of grade 3 or less AEs occurred at 96.4% (95% CI 84.1-99.9)

and grade 5 occurred at 2.2% (95% CI 0.1-11.0). The PR rate in this

group is 5.5% (95% CI 1.0-15.9), SD rate was 13.7% (95% CI 0.4-53.5)

and rate of PD was 52.4% (95% CI 22.6-81.2). The weighed mPFS

and mOS was 3.2 and 8.7 months, respectively. Forest plots of the

AEs and RECIST criterion are shown in Figures 3 and 4. Additionally,

Table 4 summarizes the rates of AEs based on grades and RECIST out-

comes of each treatment modality, and compares the differences.

4 | DISCUSSION

To our knowledge, this is the first meta-analysis to conduct a head to

head analysis of mTORi in HNSCC as either monotherapy or as com-

bination therapy. Our study excluded CR rate from analysis because

only one study reported a single result for this category. Interestingly,

this study used neoadjuvant rapamycin as monotherapy in primary

HNSCC.30 However, it is difficult to extrapolate this finding and was

considered as an outlier. In the setting of monotherapeutic neo-

adjuvant therapy, the majority of patients (52.5%) achieved SD while

fewer (5.5%) reached PR and 25.2% were found to have PD. This may

be hypothesized as the likely outcome due to the inhibition of the

downstream metabolic targets that the mTOR protein facilitates.7,12

Thus, future studies should consider combination therapy to reach

levels of response that may improve survival and quality of life. In

terms of palliative therapy, the patients maintaining SD may benefit if

the response is durable with no other options, thus, warranting the

need for further investigation. With respect to mOS and mPFS, only

two studies reported these outcomes in this group. This does reduce

the weight of the reported outcome, however both of the studies had

similar mOS and mPFS.26,28 In regards of safety, the rate of severe

grade 4 and 5 AEs were minimal while grade 3 or less AEs occurred at

the greatest rate. Clinicians report that these symptoms were man-

ageable, however, monotherapeutic mTORi are not without risk.

Utilizing the cytostatic potential of mTORi with the cytotoxic

power of CRT, the rate of PR was the highest (48.1%) and the PD rate

(7.7%) was the lowest in the CRT combination group. It is important

to note that only two studies reported RECIST outcomes. These two

studies adjuvantly treated only RMHNSCC with different combination

chemotherapies. They both had greater than 50% of their patients

having PR with one study having zero PD.29 An additional consider-

ation may be that the 7 HPV positive patients in Saba et al study may

incur an additional response benefit from CRT.25,33 The mOS was

reported by only two studies as was the mPFS. The greatest duration

of mOS was reported by Fury et al and Saba et al had to best

mPFS.25,31 Two of the studies reported only grade 3 or greater AEs

making it impossible to stratify grade 4 or 5 events. These studies

were excluded from AEs analysis. Regardless, grade 4 were found to

be highest in this group. This is likely due to each of the three studies

reporting grade 4 events when compared to the other treatment

groups. Additionally, only one grade 5 AE occurred out of the three

studies analyzed. Differences in grade 4 AEs were statistically signifi-

cant (P < .05), while grade 5 events were not. The most common AEs

were hyperglycemia of any grade followed by rash and anemia. Meta-

analysis of mTORi in other cancers have reported similar findings.34-36

Thus, it is of no surprise that CRT had greater rates of severe AEs, as

these treatment modalities are known to be toxic. Of note, consider-

ation must be given to the fact that these findings are not from phase

III studies or with randomized-control groups, warranting caution

when interpreting these findings.

Upstream inhibition of EGFR when combined with mTORi had

the worst results of the three treatment groups. A meta-analysis

investigating the use of EGFRi in HNSCC based on p16 status found

that there was limited benefits from EGFRi in p16 negative patients

and no benefits to p16 positive patients. Additionally, when EGFRi

were combined with chemoradiotherapy, they had no survival bene-

fits regardless of p16 status.37 In our meta-analysis only two studies

combined mTORi with EGFRi. These two had only 31.2% (n = 15)

patients that were p16 positive. This treatment group had the worst

outcomes, specifically PD (52.4%) and SD (21.2%) as well as the dura-

tion of mPFS and mOS. Both studies reported greater than 50% of

their patients having PD, while one study had no patients with SD.22

Bauman et al study had be terminated early due to the toxicity of the

treatment.22 They reported four grade 4 AEs and one grade 5 AEs. Of

note, the reason this treatment group had a lower rate of grade 5 AEs

is because it had less weight when compared to mTORi with CRT.

Therefore, it is difficult to assess if EGFRi are more or less likely to

produce grade 5 AEs when compared to CRT. Overall, one reason

why patients on EGFRi combination therapy had the worst outcomes

is likely due to these patients being treated for palliative care. There-

fore, it is not possible to infer these results to different patient

populations. In addition, we are unable to discern if AEs were related

to specifically mTORi or EGFRi, making it difficult to draw a conclu-

sion on the safety profile of mTORi from these studies.

Molecular targeted therapeutics have allowed for some cancers

such as breast cancer and CLL to be treated as chronic diseases.38,39

As many studies have shown minimal residual disease/positive surgi-

cal margins results in a higher rate of recurrence, mTORi could play a

role as adjuvant therapy in a minimal residual disease model.40-42 Cur-

rently, a number of ongoing investigations with mTORi are underway

in HNSCC (Table 5). Specifically, monotherapy of mTORi is being

explored in a randomized phase II trial with everolimus v/s placebo as

adjuvant therapy for high risk HNSCC patients.43 However, to date

no phase III studies have been published with mTORi in HNSCC.

Future prospective, randomized trials will be important to provide rel-

evant data regarding the role of mTORi as monotherapy and/or in
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combination with other therapies to assess the true significance of

mTORi therapy in HNSCC.

A number of limitations need to be considered for our meta-

analysis. First, there are limited number of studies in each treatment

group, with analysis of summary data. This impedes our ability to

confirm reported data and limits our analysis. Additionally, there is

known heterogeneity amongst the studies due to differences in the

primary cancer, stage of the cancer and spread, treatment stage, pre-

vious treatment failures and responses, patient characteristics, sam-

ple size, and the treatment modality used in combination with mTOR

inhibition. Additionally, there is variability amongst the studies in

terms of the phase of the clinical trial and no study was designed

with a control group. This weakens the clinical findings from our

study. Physiologically, the pharmacodynamics of each mTOR drug

must also be considered as a limitation. Moreover, not all outcomes

are extractable or reported for each analyzed element. RECIST

criteria typically examines one targetory lesion in metastatic disease.

Patients may have improvement in one specific location while the

other locations are deteriorating their overall well-being. In addition,

mechanism by which mTORi treatment inhibits tumor growth/prolif-

eration alone or in combination with CRT in HNSCC patients remain

unclear. It is possible that in addition to attenuation of PI3K/AKT

signaling, alterations of autophagy-mediated cell death might also be

involved in response to mTORi.9,44 Overall, our work is retrospective

with confounders, therefore, a large randomized-control study

would be ideal to eliminate the risk of bias and ascertain the true

impact of mTORi in HNSCC.

5 | CONCLUSION

The use of mTORi has emerged as a novel treatment option in clinical

trials for HNSCC. To date, no prospective, randomized Phase III trials

have been published limiting this study's ability to confirm the direct

role of these agents in HNSCC tumor response or survival. Using

mTORi as monotherapy does not appear to provide significant

response rates, however, in combination with chemotherapy and/or

radiation therapy, there appears to be improved partial response rates

that may or may not be related to the addition of mTORi. The rate of

stable disease may deserve further study if this were to result in dura-

ble response rates in the future as monotherapy or in combination

with other agents. Although adverse events including hyperglycemia

were common, grade 4 and 5 toxicity was uncommon.
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TABLE 5 Summary of clinical trials and conference abstracts of direct mTOR inhibition in HNC

Identification Status Drugs Phase Conditions

NCT01057277 Terminated Everolimus + Cisplatin + RT I IHNSCC

NCT01111058 Unknown Everolimus or Placebo II LAHNSCC

NCT01326468 Withdrawn Temsirolimus + Cetuximab + Cisplatin + RT NA LAHNC

NCT01058408 Terminated Everolimus + Cisplatin + IMRT I LAHNSCC

NCT00858663 Completed Everolimus + Cisplatin + IMRT I HNC

NCT01333085 Completed Everolimus + Carboplatin + paclitaxel I/II IHNSCC

NCT03578432 Recruiting Everolimus + previous RT I HNC

NCT01283334 Completed Everolimus + Carboplatin + Cetuximab I/II RMHNSCC

NCT01172769 Completed Temsirolimus II RHNSCC

NCT00942734 Completed Everolimus + Erlotinib II RHNSCC

NCT01009346 Terminated Everolimus + Cetuximab + Cisplatin + Carboplatin I/II RMHNSCC

NCT00935961 Completed Everolimus + Docetaxel + Cisplatin I LAHNSCC

NCT01313390 Terminated Everolimus + Docetaxel I/II LAMHNSCC

NCT01133678 Active / NR Everolimus or Placebo II LAHNSCC

NCT01016769 Completed Temsirolimus + Paclitaxel + Carboplatin I/II RMHNSCC

NCT01256385 Completed Temsirolimus + Cetuximab II RMHNC

NCT01332279 Withdrawn Everolimus + Erlotinib + RT I RHNC

NCT01051791 Terminated Everolimus II LAHNSCC

NCT01195922 Completed Rapamycin I/II LAHNSCC

NCT00195299 Completed Temsirolimus NA AHNSCC

NCT01009203 Terminated Temsirolimus + Erlotinib II TRHNSCC

NCT01015664 Terminated Temsirolimus + Cisplatin + Cetuximab I/II RMHNSCC

Abbreviations: INHNSCC, inoperable HNSCC; LAHNSCC, locally advanced HNSCC; LAHNC, locally advanced HNC; LAMHNSCC, locally advanced or

metastatic HNSCC; NR, not recruiting; RMHNSCC, recurrent or metastatic HNSCC; RHNSCC, recurrent HNSCC; RMHNC, recurrent or metastatic HNC;

TRHNSCC, therapy resistant HNSCC.
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