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ABSTRACT 

Novel antitumor therapies against the PI3K-AKT-mTOR pathway are increasingly used to 

treat cancer, either as single agents or in combination with chemotherapy or other targeted 

therapies. Although these agents are not known to be myelosuppressive, an increased risk 

of infection has been reported with rapamycin analogs. However, the risk of infection with 

new inhibitors of this pathway such as PI3K, AKT, mTORC 1/2 or multi-kinase inhibitors is 

unknown.  

Methods: In this retrospective case-control study, we determined the incidence of infection 

in a group of 432 patients who were treated on 15 phase I clinical trials involving PI3K-AKT-

mTOR pathway inhibitors (cases) vs a group of 100 patients on 10 phase I clinical trials of 

single agent non-PI3K-AKT-mTOR pathway inhibitors (controls) which did not involve 

conventional cytotoxic agents. We also collected data from 42 patients who were treated 

with phase I trials of combinations of PI3K-AKT-mTOR inhibitors and MEK inhibitors and 24 

patients with combinations of PI3K-AKT-mTOR inhibitors and cytotoxic chemotherapies. 

Results: The incidence of all grade infection was significantly higher with all single agent 

PI3K-AKT-mTOR inhibitors compared to the control group (27% vs 8% respectively, OR: 4.26, 

95% CI: 1.9- 9.1, p=0.0001). The incidence of grade 3 and 4 infection was also significantly 

higher with PI3K-AKT-mTOR inhibitors compared to the control group (10.3% vs 3%, OR: 

3.74, 95% CI: 1.1- 12.4, p=0.02). Also the combination of PI3K-AKT-mTOR inhibitors and 

chemotherapy was associated with a significantly higher incidence of all grade (OR: 4.79, 

95% CI: 2.0-11.2, p=0.0001) and high grade (OR: 2.87, 95% CI: 1.0-7.6, p=0.03) infection 

when compared with single agent PI3K-AKT-mTOR inhibitors. 
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Conclusion: Inhibitors of the PI3K-AKT-mTOR pathway can be associated with a higher risk of 

infection. Combinations of PI3K-AKT-mTOR inhibitors and cytotoxic chemotherapy 

significantly increase the risk of infection.  This should be taken into consideration during 

the design and conduct of trials involving PI3K-AKT-mTOR pathway inhibitors, particularly 

when combined with chemotherapy or myelosuppressive agents. 

Keywords: Infection, PI3K inhibitors, AKT inhibitors, mTOR inhibitors, TORC1/2 inhibitors, 

PI3K-AKT-mTOR pathway. 
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TRANSLATIONAL RELEVANCE  

Multiple agents targeting the PI3K-AKT-mTOR pathway are licensed for use in cancer (mTOR 

inhibitors) or are being currently evaluated in clinical trials. The immunosuppressive 

function of m-TOR inhibitors is known and they have been used in transplant medicine.  

However, little is known about the immunosuppressive function of new inhibitors of the 

PI3K-AKT-mTOR pathway. This study shows a significant overall increase in the incidence of 

infection in patients treated with PI3K-AKT-mTOR pathway inhibitors compared to targeted 

agents that do not directly target this pathway, in phase I clinical trials. Combined targeting 

of the PI3K-AKT-mTOR and other signal transduction pathways or chemotherapy further 

increases the risk of infection. Currently, there are well defined algorithms to manage 

neutropenic sepsis. The increased incidence of infections not associated with neutropenia in 

patients treated with PI3K-AKT-mTOR pathway inhibitors calls for awareness and the need 

for development of new guidelines for the treatment of infections in this setting. 
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INTRODUCTION 

The phosphatidylinositol 3-kinase (PI3K)-AKT-mTOR pathway is a critical signaling pathway 

which is frequently altered in human cancer (1). Aberrant activation of this pathway is 

associated with tumor growth, angiogenesis and survival. Mutations of the catalytic isoform 

p110α of the PI3K gene (PIK3CA) are amongst the most frequent mutations in human cancer 

(1). Also, loss of function of the tumor suppressor gene PTEN is frequently seen in human 

tumors and leads to activation of this pathway (2). Additionally, aberrations of RAS and AKT 

may lead to activation of this pathway and make it an attractive target for treating cancer 

(3, 4). Clinical benefit of mTOR inhibition with rapalogs in renal cell carcinoma and other 

cancers has provided robust evidence that this pathway can be successfully targeted for the 

treatment of cancer (5-9). This has led to further clinical development of compounds 

targeting other key components of this pathway such as PI3K, AKT and mTORC 1/2. 

 

While the PI3K-AKT-mTOR pathway is vital to the survival of cancer cells, its importance in 

the homeostatsis of ‘normal’ non-cancer cells cannot be overstated. As well as its role in 

normal cell growth, regulation of blood glucose homeostasis and lipid metabolism (10-14), 

the PI3K-AKT-mTOR pathway plays an important role in regulating the immune system and 

cytokines production by immune cells (15). Emerging data indicate that the inhibition of 

PI3K signaling reduces the generation and suppresses the secretion of pro-inflammatory 

cytokines and leads to an attenuated immune response (15-18). It is known that mTOR 

inhibitors regulate the immune function and are licensed for use in renal transplantation 

(19, 20). Though not classically myelosuppressive, they do have qualitative effects on the 

immune system and have been shown to increase the risk of infection (21, 22). 
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Several novel targeted agents are currently being investigated in phase I clinical trials 

targeting one or more nodes on the PI3K-AKT-mTOR pathway. In addition to clinical trials 

exploring the activity and tolerability of these compounds as single agents in cancer 

therapeutics, these drugs are also being tested in combination with other targeted agents or 

in combination with cytotoxic chemotherapeutics, some at the later phases of development. 

It is anticipated that there will be an increase in the number of such compounds entering 

clinical practice in the next few years. However, these agents are associated with clinically 

relevant toxicities. While some of the toxicities of these agents such as hyperglycemia, rash 

and diarrhea are well recognized and described in the literature (23-28), little is known 

about the possible risk of infection with such drugs, either as single agents or in combination 

with cytotoxic chemotherapy or other targeted therapies. In this study, we therefore sought 

to investigate the risk of infection in patients treated with drugs that inhibit the PI3K-AKT-

mTOR pathway in a phase I setting.  

 

PATIENTS AND METHODS 

This is a retrospective case-control study of 532 patients with metastatic solid cancers 

treated on phase I clinical trials at the Drug Development Unit at the Royal Marsden 

Hospital, United Kingdom between 2008 and 2013. Study subjects consisted of 366 patients 

with advanced metastatic solid cancer who were treated on 12 phase I clinical trials 

involving single agent PI3K-AKT-mTOR inhibitors (cases) and 100 patients with advanced 

metastatic solid cancer who were treated on 10 phase I clinical trials involving single agents 

with mechanisms of action not primarily targeting the PI3K-AKT-mTOR pathway (controls) 

(Table 1). This sample size provided 80% power to detect a difference of at least 15% in the 

Research. 
on July 27, 2020. © 2015 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on February 3, 2015; DOI: 10.1158/1078-0432.CCR-14-2424 

http://clincancerres.aacrjournals.org/


7 
 

rate of infection between the cases and the control group. In addition, we also collected 

data on 42 patients with advanced cancers who were treated on two phase I clinical trials 

involving combinations of PI3K-AKT-mTOR inhibitors and MEK inhibitors (PAMi + MEKi) and 

24 patients who were treated on three phase I clinical trials involving combination of PI3K-

AKT-mTOR inhibitors and cytotoxic chemotherapies (PAMi + chemo) (Table 2). Approval for 

this study was obtained from the Institutional Audit Committee (DDU058). 

 

Patients in the case group consisted of all patients who were treated with PI3K-AKT-mTOR 

inhibitors for which the results of the study either had been published or presented at a 

scientific meeting. In order to reduce the risk of selection bias, for the control group we 

used a sealed envelope method to randomly select 10 phase I clinical trials from a list of 

trials not involving PI3K-AKT-mTOR inhibitors, DNA damaging agents (chemotherapy) or 

DNA repair targeting agents (for example, PARP inhibitors). Subsequently, we randomly 

selected 100 patients from the above 10 trials using the random table number method.  

 

Patient demographics, tumor, drug-related and laboratory data were collected from 

hospital electronic patients’ records, anonymized and entered into a database. Infection 

related data consisted of events with infection–related symptoms for which antibiotics had 

been prescribed at the discretion of the treating physician, with or without a positive 

laboratory culture.  Some patients had been treated with antibiotics due to clinical concerns 

that their symptoms represent an infective event whereas no positive laboratory cultures 

have been available for these patients. Every infective event across all cycles of treatment 
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during the conduct of phase I trials was collected. The source of infection, microbiological 

data, antibiotic types, mode of administration and duration, body temperature, laboratory 

data including neutrophil and lymphocyte counts and CRP were collected where available. 

Tumor and patients’ baseline characteristics were balanced between both study groups 

(Table 1). 

 

The clinical trials of single agent PI3K-AKT-mTOR inhibitors consisted of 12 phase I clinical 

trials including 4 PI3K inhibitors (2 pan-PI3K, 1 PIK3α subunit and 1 PIK3β subunit specific 

inhibitors), 3 AKT inhibitors, 4 mTORC1/2 inhibitors and one dual pan-PI3K-mTORC1/2 

inhibitor. Combination trials included three phase I clinical trials of chemotherapy 

combination (2 AKT inhibitors, one mTORC1/2 inhibitor and chemotherapy) and 2 phase I 

clinical trials of a MEKi combination (1 AKTi and MEKi trial, and 1 PI3Ki and MEKi trial), as 

shown in Table 2. Clinical trials in the control group consisted of 10 randomly selected phase 

I clinical trials with single agent targeted compounds including VEGF, EGFR, MEK, c-MET, 

HDAC, HSP90, Integrin, ROCK and IGFR-1 inhibitors. 

 

Statistics 

Data were entered into an Access database (Microsoft, USA) and exported into SPSS (IBM 

Corp., Version 20.0, Armonk, NY) for data analysis. The Chi-square test and Fisher’s exact 

test were used to describe the difference in incidence of infection between cases and 

controls. Odds ratio and confidence intervals were used to describe the risk of infection 

between cases and controls.  Univariate and multivariate logistic regression tests were used 
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to compare the risk of infection between different inhibitors of the PI3K-AKT-mTOR 

pathway. Multivariate logistic regression models were used for association studies between 

baseline characteristics and the risk of developing an infection. 

 

RESULTS 

Patient characteristics 

Baseline characteristics were compared between cases on single agent PI3K-AKT-mTOR 

pathway inhibitors and controls on single agent targeted therapies not involving the PI3K-

AKT-mTOR pathway and were well balanced between the two groups (Table 1). Study 

subjects in both cohorts reflect the typical phase I patients as previously described from our 

institution (29, 30).  

 

Median age at the time of recruitment to the phase I clinical trials was 56.7 years for the 

cases and 54.3 years for the control group. Baseline characteristics such as number of prior 

lines of chemotherapy, performance status and the Royal Marsden  (RM) prognostic score 

(31) were balanced between cases and controls. Both groups were well balanced for most 

primary cancers except for gynecological and colorectal cancers where these malignancies 

were 10% more prevalent in the case group compared to the control group. Study subjects 

on both cohorts reflects typical phase I patients as previously described from our institution. 

Median duration of time on trials was 84 days for the cases and 109 days for the control 

group.  
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Increased risk of infection with single agent PI3K-AKT-mTOR inhibitors 

In this retrospective case-control study, the incidence of all grade infective events requiring 

antibiotic treatments during the course of their treatment was 27% (99/366 patients) in the 

case group and 8% (8/100 patients) in the control group (Table 3). The risk of all grade 

infective events was significantly higher in patients treated with single agent PI3K-AKT-

mTOR inhibitor trials compared to the control group (OR: 4.26, 95% CI: 1.9- 9.1, p=0.0001). 

We also identified 38 patients (10.3%) in the case group and 3 patients (3%) in the control 

group who had developed grade 3 and 4 infective events requiring hospitalization and 

treatment with intravenous antibiotics during the course of their treatment. Patients on the 

single agent PI3K-AKT-mTOR inhibitor trials also had a higher risk of developing high grade 

infective events compared to the control group (OR: 3.74, 95% CI: 1.1- 12.4, p=0.02). 

Infective events with single agent PI3K-AKT-mTOR inhibitors were not dose-dependent and 

occurred during all cycles of treatment. Data for the timing of occurrence of the first 

infective event were available for 81 patients in the case group, of which 25 patients (30.8%) 

had developed infection during the first cycle, 13 patients (16%) during the second cycle and 

20 patients (25%) during the third cycle of treatment. The incidence of infection was lower 

in subsequent cycles (5 patients (6%) during the 4th cycle, 3 patients (3.7%) during the 5th 

cycle and 13 patients (16%) during all other subsequent cycles).  This indicates that this is 

less likely to be cumulative, however, it is difficult to draw a definite conclusion in this 

retrospective dataset. 
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Increased risk of infection with a combination of ‘PI3K-AKT-mTOR inhibitors and 

chemotherapy’ and ‘PI3K-AKT-mTOR inhibitors and MEK inhibitors’ 

In addition to 366 cases treated with single agent PI3K-AKT-mTOR inhibitors, we also 

collected data from 24 patients on three PI3K-AKT-mTOR inhibitor trials combined with 

chemotherapy, and 42 patients on two trials of PI3K-AKT-mTOR inhibitors combined with 

MEK inhibitors (MEKi). The incidence of all grade infective events was 62.5% (15/24 

patients) in patients treated with PI3K-AKT-mTOR inhibitors and chemotherapy 

combination, and 62% (26/42 patients) in the PI3K-AKT-mTOR inhibitors and MEKi 

combination cohort (Table 3). The risk of all grade infection in patients who received the 

combination of PI3K-AKT-mTOR inhibitors and chemotherapy was significantly higher than 

those who received single agent PI3K-AKT-mTOR inhibitors (OR: 4.79, CI: 2.0-11.2, 

p=0.0001). Also, the risk of all grade infection was significantly higher with the combination 

of PI3K-AKT-mTOR inhibitors and MEKi compared to single agent PI3K-AKT-mTOR inhibitors 

(OR: 4.38, CI: 2.2-8.5, p<0.0001) or single agent MEKi (OR: 4.87, CI: 1.1-20.7, p= 0.03). 

 

The incidence of grade 3 and 4 infective events were 16.6% (4/24 patients) in the PI3K-AKT-

mTOR inhibitors and chemotherapy combination, and 7.1% (3/42 patients) in the PI3K-AKT-

mTOR inhibitors and MEKi combination cohort. The risk of high-grade infective events was 

significantly higher in patients who received the combination of PI3K-AKT-mTOR inhibitors 

and chemotherapy (OR: 2.87, CI: 1.0-7.6, p=0.03). However, this risk was not statistically 

significant in patients on PAMi + MEKi combination trials (OR: 0.66, CI: 0.19-2.2, p=0.5), 

probably due to the small sample size. We did not identify any patients who had high grade 

infection with a single agent MEKi trial. 
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Difference between different classes of single agent PI3K-AKT-mTOR inhibitors 

We performed the Chi-square test, univariate and multivariate logistic regression to 

investigate the difference in the risk of all grade and high grade infection between different 

classes of PI3K-AKT-mTOR pathway inhibitors. The risk of all grade and high grade infection 

with each inhibitor has been shown in Table 4 and the forest plot in Figure 1. There is an 

increased risk of all grade and high grade infection with all inhibitors of the PI3K-AKT-mTOR. 

In univariate and multivariate logistic regression analysis, dual PI3K/mTOR inhibitors were 

associated with significantly higher risk of infection compared to PI3K, AKT or mTOR 

inhibitors.  

 

Types of infections 

Of the 140 patients with infection in the case group (99 patients on single agent PI3K-AKT-

mTOR inhibitors and 41 patients on combination treatments), 138 patients (98.5%) had 

bacterial infections and were started on antibacterial treatments. Only two patients (1.5%) 

had grade 1 viral infection with herpes zoster virus - one patient on single agent mTORC1/2 

inhibitor and one patient on a PI3K-AKT-mTOR inhibitor and MEKi combination trial.  Both 

patients received oral antiviral treatments and responded well to the treatment. We did not 

identify any other patient with viral exacerbations, protozoan, fungal or mycobacterial 

infections in the case group. Similarly, all 8 patients in the control group had bacterial 

infection and responded to antibacterial treatments.  

 

Research. 
on July 27, 2020. © 2015 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on February 3, 2015; DOI: 10.1158/1078-0432.CCR-14-2424 

http://clincancerres.aacrjournals.org/


13 
 

In the case group 101 patients (72%) had one episode of infection and 39 patients (28%) had 

two or more episodes of infection during their treatment. Diagnosis of infection in all 

patients was made by the treating physicians based on infection-related symptoms at the 

time of presentation. All patients received appropriate antimicrobial treatment according to 

the hospital guidelines. Compliance with the local antibiotics policy was 98%. Urinary tract 

infections (38%, 54 patients) and respiratory tract infections (28%, 39 patients) were the 

most common causes of infection followed by gastroenteritis, sepsis, cellulitis, and line 

infections in 47 (33%) of patients.  

 

We also collected microbiological culture data from patients at the time of infection. 

Microbiological culture data was available for 73 patients, of which 49 patients had positive 

and 24 patients had negative cultures. Of 49 patients with positive cultures, 34 patients 

(70%) had positive urine culture, 7 patients (14%) positive wound culture, 6 patients (12%) 

positive blood culture, one patient (2%) positive sputum culture and one patient (2%) 

positive faeces culture. Escherichia coli (48%) and Pseudomonas (22%) were the most grown 

bacteria in the culture followed by other enterococci and pneumococci (28%).  

 

Full blood count data at the time of infection was available for 127 patients; 13 patients had 

presented to their local hospital and their blood count was not available. The average 

neutrophil count at the time of infection for the case group was 6.6 x 109/l (range: 0.03-22.1 

x109/l). Nine patients (6.4%) in the case group were found to have neutropenia.  All 9 

patients but one were on combination of AKTi and chemotherapy. The remaining one 
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patient was on single agent AKTi with a normal baseline neutrophil count. Six out of nine 

patients with neutropenia were admitted and received treatment for neutropenic sepsis 

according to hospital neutropenic sepsis and antibiotic guidelines. One patient died due to 

sepsis but we could not establish the neutrophil counts at the time of infection from the 

admitting local hospital. This patient was on a dose level above the maximum tolerated 

dose of the drug and immediate dose reduction was initiated for the remainder of the 

patients on the respective trial. No patient in the control group was found to have 

neutropenia. 

 

Also, 43 patients (30%) were found to have lymphopenia at the time of presentation with 

infection, while the rest had a normal lymphocyte count. Average lymphocyte counts at the 

time of infection for the case group was 1.2 x 109/l (range: 0.2-3.1 x 109/l). 

 

The respective clinical trial had to be stopped in 6 patients due to grade 3 - 4 infection (3 

patients with urinary tract infection, two patients with sepsis and one patient with 

pneumonia). One patient who had been treated with a dose level above the maximum 

tolerated dose of a dual Pi3K/mTOR inhibitor died as a result of sepsis. 

 

Predictive markers of infection with PI3K-AKT-mTOR inhibitors 

We looked at various baseline characteristics to establish if any clinical or laboratory 

variables at baseline were predictors for developing infection with PI3K-AKT-mTOR 

inhibitors. In univariate logistic regression analyses, age, baseline performance status, 
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albumin, LDH, WCC, neutrophil and lymphocyte counts and history of type 1 or type 2 

diabetes did not significantly predict the risk of infection. The only predictor of infection in 

univariate logistic regression was the number of cycles of treatment (Table 5). This finding 

was also confirmed with the logistic regression model. The number of cycles of treatment 

was also confirmed as a predictor of the risk of infection in the multivariate logistic mixed 

model (OR: 1.109, 95% CI: 1.02-1.19, p=0.008). 

 

DISCUSSION 

mTOR inhibitors have long been used as immune-suppressants in transplant patients and 

infection is a well-described adverse event reported in patients treated with such drugs (19, 

20). There is evidence that rapalogs such as temsirolimus and everolimus are associated 

with an increased risk of infection (22). In a meta-analysis involving 1924 patients with renal 

cell carcinoma treated on phase II and phase III randomized clinical trials involving 

temsirolimus and everolimus compared with 1256 patients on respective control arms, 

Kaymakcalan and colleagues reported a 2-fold increase in the risk of all grade infection and 

2.6-fold increase risk of high grade infection associated with mTOR inhibitors (22). Also, in a 

recent meta-analysis of 10 randomized clinical trials involving 1911 cancer patients on 

temsirolimus and everolimus and 1624 patients on the control arm, Garcia and co-workers 

reported a 1.86-fold increase in the risk of all grade infection and 2.86-fold rise in the risk of 

high grade infection in patients treated with these agents (21).  
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To our knowledge, the risk of infection with novel agents against critical components of this 

pathway such as PI3K, AKT, TORC1/2, or multi-kinase inhibitors, has not been described. 

This is the first study to show that the risk of infection is significantly increased with new 

inhibitors against the PI3K-AKT-mTOR pathway in cancer patients. We show that the risk of 

all grade and high-grade infection with single agent PI3K-AKT-mTOR inhibitors is 3.8 and 5.3 

times higher, respectively, compared to other non-myelosuppressive targeted therapies, 

(p=0.0005 and p=0.005, respectively). We also show that the risk of all grade and high-grade 

infection is even more prominent when these agents are combined with cytotoxic 

chemotherapy compared to single agent PI3K-AKT-mTOR inhibitors (OR: 4.49 and 2.87 

respectively, p=0.0006 and 0.03, respectively). We report that the risk of infection is 

increased with all inhibitors of PI3K-AKT-mTOR pathway, although this risk was significantly 

higher with dual PI3K/mTOR inhibitors compared to PI3K, AKT or mTOR inhibitors.  

 

In this study, we collected data from patients who had developed infective-related 

symptoms during the course of their treatment with PI3K-AKT-mTOR inhibitors. Some 

patients had been treated with antibiotics due to clinical concerns that their symptoms 

could represent an infective event in the absence of positive laboratory cultures to confirm 

the diagnosis of infection. Whilst we excluded patients who had other diagnoses, such as 

drug-induced pneumonitis and rash, we acknowledge that in the absence of positive 

laboratory culture it is difficult to prove that all the infective events captured in this study 

are, in fact, purely due to infection;  disease-related factors could be a contributing reason 

for the infection. Whilst the majority of baseline characteristics were well balanced between 

cases and control groups, it is worth noting that there was a 10% higher prevalence of 

patients with gynecological and colorectal cancer in the case group compared to the control 
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group. Although this slight imbalance is unlikely to explain the significant difference in the 

risk of infection between cases and controls, disease-related causes of infection could be a 

confounding factor to this study.  Also, the PI3K-AKT-mTOR pathway interacts with different 

nodes in signal transduction networks and it is difficult to exclude minor interactions of the 

drugs in the control group with the PI3K-AKT-mTOR pathway.  Short term toxicities (often 28 

days) are often reported in phase I trials with 6-12 patients in pharmacologically relevant 

doses. This often underplays toxicities seen in later phase clinical trials and leads to pool 

data collection from multiple clinical trials of drugs on the same pathway. The findings from 

this study will need to be validated in future phase II and phase III studies but we feel this 

body of work gives a preview of the risk of infection that may occur when larger groups of 

patients are treated with these inhibitors in the next few years.  

 

Although we have not compared the risk of infection between the combination of PI3K-AKT-

mTOR inhibitors and chemotherapy and chemotherapy alone, the rate of all grade infection 

with the PI3K-AKT-mTOR chemotherapy combination (62.5%) is higher than the rate of 

infection known for most cytotoxic agents and highlights the possibility that co-

administration of PI3K-AKT-mTOR inhibitors and chemotherapy may synergistically 

contribute to this increased risk and warrants further investigations in studies with larger 

cohorts. 

 

It is well recognized that mTOR inhibitors such as temsirolimus and everolimus have 

immune-suppressive effects. The mechanism of infection with the new classes of PI3K-AKT-

mTOR inhibitors is not fully understood, however, there is evidence that the PI3K-AKT-mTOR 
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signaling pathway regulates the production of cytokines in innate immune cells (15). 

Further, T-cells are dependent on this signaling pathway for their differentiation, activation, 

maintenance and trafficking (32-34). In our series, only a minority of patients had 

leukopenia and the incidence of neutropenia was rare; therefore, it seems that defects in 

the function of immune response rather than the number of immune cells are the likely 

cause of infection with these drugs.  

 

The potential immunosuppressive effects of PI3K-AKT-mTOR inhibitors need further 

investigations not only in relation to the increased risk of infection with these agents but 

also to investigate if such potential immunosuppression might increase the risk of cancer 

progression. While some recent studies suggest that the risk of developing cancer increases 

in patients who receive immunosuppression after organ transplant (35-37), there is no 

evidence that patients who are on post-transplant immunosuppressive therapy with mTOR 

inhibitors have a higher risk of developing malignancies; there is evidence that  

immunosuppression with mTOR inhibitors in transplant patients reduces the risk of cancer 

when compared with other immunosuppressive agents (38, 39).  

 

The use of antitumor agents targeting the PI3K-AKT-mTOR pathway as a therapeutic 

strategy for treating cancer has increased in the past few years. A number of these agents 

are currently being investigated in later phase clinical trials. Therapeutic strategies using 

these inhibitors include single agent therapy (35%), and combinations with chemotherapy 

(15%), MEK inhibitors (14%) and other agents (36%) (40). Whilst the combination therapy 

Research. 
on July 27, 2020. © 2015 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on February 3, 2015; DOI: 10.1158/1078-0432.CCR-14-2424 

http://clincancerres.aacrjournals.org/


19 
 

strategy is likely to be pursued in future due to enhanced antitumor activity associated with 

the inhibition of multiple signaling pathways, the results from our study highlight the 

important factors that need to be taken into consideration when designing and interpreting 

future trials involving PI3K-AKT-mTOR pathway inhibitors. 

 

Overall, this study suggests that the risk of infection (27% all grade and 10% high grade 

infection) across all PI3K-AKT-mTOR targeting drugs is substantial. Although this is not in the 

range of the incidences observed with chemotherapy (30-70% depending on the type of 

cytotoxic chemotherapy (41, 42)), it does add to the morbidity of patients with advanced 

cancer. In addition, while the high risk of infection with chemotherapy combinations is not 

unexpected, the increased risk of infection (62%) when combined with MEK inhibitors, 

which are not known to increase the risk of infective complications (43-46), is worth noting. 

Finally, although there was a degree of leukopenia in our series of patients (30%), the 

incidence of neutropenia was low (6.4%), suggesting a qualitative rather than quantitative 

effect on the immune system. Although most cancer centers have antibiotic policies, which 

are dependent on neutrophil counts and symptoms, these data suggest an unmet need to 

formulate a ‘non-neutropenic’ antibiotic policy that takes into account the infective risks of 

patients on PI3K-AKT-mTOR pathway inhibitors.  
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Cases Controls 

Study subjects (single agent therapy) 366 100 
Age, Year Median  (Range) 56.7  (22-81) 54.3 (17-88)  
Gender  Male  179  53  

Female  187  47  
BMI, Kg/m2 Median  (Range)  25.9 (16.9-43)  26.8  (18.3- 38)  
Tumor type 
(All cases, single 
agents and 
combinations)  

Lung & 
Mesothelioma  

49 (13%)  11 (11%)  

Breast  34 (9.3%)  11 (11%)  
Colorectal  95 (26%)  16 (16%)  
Gynecological 61 (16.6%)  6 (6%)  
RCC  18 (5%)  3 (3%)  
Prostate  22 (6.8%)  10 (10%)  
Others  87 (23.7%)  43 (43%)  

No of prior lines of 
chemotherapy  

0-2  183 (50%)  52 (52%)  
3-5  148 (40.5%)  36 (36%)  
>6 20 (5.5%) 4 (4%)  
Unknown  15 (4%)  8 (8%)  

Performance Status  0  88 (24%) 26 (26%)  
1  276 (75%)  72 (72%)  
2  2 (0.5%)  2 (2%)  

RM Score*  0  68 (18.5%)  22 (22%)  
1  129 (35%)  30 (30%)  
2  106 (29%)  32 (32%)  
3  52 (14.5%)  16 (16%)  
Unknown  11 (3%)  -  

Time on trial (days)  84  109  

Table 1.  Baseline characteristics in cases and controls

Baseline characteristics such as age at the time of recruitment, primary tumor type, prior 
lines of chemotherapy, performance status were balanced between cases and controls.  

* RM score (reference): Albumin +  No. metastatic sites + LDH 
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Table 2.   Phase I clinical trials in cases and controls
Phase I clinical trials in the case group comprised of 12 phase I trial of single agent PI3K-AKT-mTOR 
inhibitors, 3 trials of combination of PI3K-AKT-mTOR inhibitors and chemotherapy and 2 trials of 
combination of PI3K-AKT-mTOR inhibitors and MEKi. 
 
Clinical trials in the control group comprised of 10 trials with agents not known to predominantly 
inhibit PI3K-AKT-mTOR directly. 
VEGF: Vascular Endothelial Growth Factor; EGFR: Epidermal Growth Factor Receptor; MEK: MAP 
Kinase; HDAC: Histone deacetylase; HSP 90: Heat Shock Protein 90; IGF-1 R: Insulin-like growth factor 
1 Receptor; Rock: Rho-associated Kinase 

Cases Controls 
 

Target 
No. of 
trials 

No. of 
patients Target 

No. of 
trials 

No. of 
patients 

Single agent PI3K 4 80 VEGF 2 22 
mTORC 4 141 EGFR  1 22 
AKT 3 104 MEK  1 12 
Dual 
PI3K/mTORC 
inhibitors 

1 41 c-MET 1 12 

Total 12 366 HDAC 2 11 
 
Combination with chemotherapy 3 24 HSP90 1 11 
 
Combination with MEK inhibitors 

 
2 

 
42 Integrin 1 5 

 Rock 1 4 
IGF-1 R 1 1 

Total 17 432 Total 10 100 
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All grade infection Grade 3/4 infection 

With 
infection 

Without 
infection 

OR 
(95% CI) p 

With 
infection 

Without 
infection 

OR  
(95% CI) p 

Controls 8 (8%) 92 (92%) - - 3 (3%) 97 (97%) - - 

Single agent 
PAMi 99 (27%) 267(73%) 4.26*

(1.9- 9.1) 0.0001 38 (10%) 328 (90%) 3.74* 
(1.1-12.4) 0.02 

PAMi + 
Chemotherapy 16 (62%) 9 (38%) 4.79**

(2.0- 11.2) 0.0001 6 (25%) 18 (75%) 2.87** 
(1.0-7.6) 0.03 

PAMi + MEKi 26 (62%) 16 (38%) 4.38**

(2.2-8.5) <0.0001 3 (7%) 39 (93%) 0.66** 
(0.1-2.2) 0.5 

Table 3.  Incidence and risk of infection between cases and controls and between single agent PI3K-AKT-mTOR 
and combination therapies. 

* Odds ratio calculated between single agent PI3K-AKT-mTOR inhibitors and control group 

** Odds ratio calculated between single agent PI3K-AKT-mTOR inhibitors and PI3K-AKT-mTOR inhibitors 
combination therapies (PAMi+chemotherapy and PAMi+MEKi) 
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All grade infection Grade 3/4 infection 

No Yes OR (95% CI) p No Yes OR (95% CI) p 

Controls  92 (92%)  8 (8%)  - - 98 (98%)  2 (2%)  - - 

mTORCi  105 (74.5%)  36 (25.5%)  3.9 (1.7-8.9)  0.001  128 (90.7% ) 13 (9.3%)  4.9 (1.0-22.5)  0.03  

PI3Ki  62 (79.5%)  16 (20.5%)  2.9 (1.1-7.3)  0.019  70 (89.7%)  8 (10.3%)  5.6 (1.1-27.1)  0.03  

Multi kinase 
PI3K/mTORC
inhibitors 

15 (36.6%)  26 (63.4%)  19.9 (7.6-52.1) <0.0001 30 (73.2%)  11(26.8%)  17.9 (3.7-85.6) 0.0003  

AKTi  85 (80.2%)  21 (19.8%)  2.8 (1.1-6.7)  0.018  100 (94.4%)  6 (5.6%)  2.9 (0.5-14.9)  0.19  

Table 4.  Incidence and risk of infection between different inhibitors of PI3K-AKT-mTOR pathway

Research. 
on July 27, 2020. © 2015 American Association for Cancerclincancerres.aacrjournals.org Downloaded from 

Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited. 
Author Manuscript Published OnlineFirst on February 3, 2015; DOI: 10.1158/1078-0432.CCR-14-2424 

http://clincancerres.aacrjournals.org/


31 
 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5.  Evaluation of baseline characteristics as predictive factor of infection in patients treated with 
single agent PI3K-AKT-mTOR inhibitors 

The only predictive factor of infection with PI3K-AKT-mTOR inhibitors is the number of cycles of 
treatment. Patients who were on the treatment for longer time were more likely to develop infection. 

Infection indicators Odds Ratio P 95% Lower CI. 95% Upper CI. 
Age 1.01 0.524 0.99 1.02 
PS 1.38 0.23 0.81 2.35 
RM Score 0.82 0.127 0.64 1.06 
BMI 1 0.991 0.99 1.01 
Baseline albumin 1 0.878 0.95 1.05 
Baseline LHD 1 0.057 1 1 
Baseline white cell counts 1 0.854 0.94 1.05 
Baseline neutrophils count 0.98 0.702 0.91 1.07 
Baseline lymphocytes count 1.19 0.198 0.92 1.54 
Baseline N/L ratio  0.98 0.617 0.9 1.07 
Number of metastatic sites 0.88 0.633 0.52 1.48 
Number of cycles received 1.0880 0.012 1.01 1.16 
History of Type 1 DM 9.91e-07 0.985 0 - 
History of Type 2 DM 0.64 0.68 0.07 5.4359 
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LEGEND 

 

Figure 1 

Forest plot of risk estimates of all grade and high grade infection between different 

inhibitors of PI3K-AKT-mTOR pathway 
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