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The PI3K/Akt/mTOR (PAM) axis is constitutively activated in multiple lymphoma subtypes and is a promising therapeutic target. The 
mTOR inhibitor temsirolimus (TEM) and the immunomodulatory agent lenalidomide (LEN) have overlapping effects within the PAM 
axis with synergistic potential. This multicenter phase I/II study evaluated combination therapy with TEM/LEN in patients with 
relapsed and refractory lymphomas. Primary endpoints of the phase II study were rates of complete (CR) and overall response 
(ORR). There were 18 patients in the phase I dose-finding study, and TEM 25 mg weekly and LEN 20 mg on day 1 through day 21 
every 28 days was established as the recommended phase II dose. An additional 93 patients were enrolled in the phase II 
component with three cohorts: diffuse large B-cell lymphoma (DLBCL, n=39), follicular lymphoma (FL, n=15), and an exploratory 
cohort of other lymphoma histologies with classical Hodgkin lymphoma (cHL) comprising the majority (n=39 total, n=20 with cHL). 
Patients were heavily pretreated with a median of four (range, 1-14) prior therapies and one-third with relapse following autologous 
stem cell transplantation (ASCT); patients with cHL had a median of six prior therapies. The FL cohort was closed prematurely due 
to slow accrual. ORR were 26% (13% CR) and 64% (18% CR) for the DLBCL and exploratory cohorts, respectively. ORR for cHL 
patients in the exploratory cohort, most of whom had relapsed after both brentuximab vedotin and ASCT, was 80% (35% CR). Eight 
cHL patients (40%) proceeded to allogeneic transplantation after TEM/LEN therapy. Grade ≥3 hematologic adverse events (AE) 
were common. Three grade 5 AE occurred. Combination therapy with TEM/LEN was feasible and demonstrated encouraging 
activity in heavily-pretreated lymphomas, particularly in relapsed/refractory cHL (clinicaltrials gov. Identifier: NCT01076543). 
 

Abstract 

Introduction 
Classical Hodgkin lymphoma (cHL) and non-Hodgkin lym-
phomas (NHL) are typically chemosensitive to early lines 
of therapy, but relapse is a frequent and often life-
threatening event. Development of novel non-chemother-
apy agents for the treatment of lymphoma, including 
targeted and immunomodulatory agents, presents oppor-
tunities for disease control in a more rational approach. 
The PI3K/Akt/mTOR (PAM) signal transduction pathway is 
constitutively activated in lymphoma and is a promising 
therapeutic target that appears to be shared across bio-
logically heterogeneous lymphoma subtypes.1-3 
Mammalian target of rapamycin (mTOR) is a master regu-
lator of growth and survival in normal and neoplastic cells.3 
Activation of mTOR is regulated by upstream phosphati-
dylinositol-3,4,5 kinase (PI3K) and Akt signaling, which pro-

motes cell growth, cell survival and proliferation.4 Aberrant 
mTOR activation occurs via several mechanisms in NHL, in-
cluding PTEN loss in mantle cell lymphoma (MCL), PIK3CA 
amplification in diffuse large B-cell lymphoma (DLBCL), and 
PKCd or Syk kinase activation in follicular lymphoma (FL).3 
mTOR activation has also been demonstrated in cHL, likely 
mediated by mTORC1 and Akt.5,6 mTOR is a particularly at-
tractive therapeutic target given its position as a common 
downstream regulator for several oncogenic pathways. The 
first generation mTOR inhibitor temsirolimus (TEM) is cur-
rently Food and Drug Administration approved for the 
treatment of metastatic renal cell carcinoma, and has 
demonstrated monotherapy activity in several lymphoma 
subtypes, including MCL, DLBCL, and FL.3,7,8,9 
In addition to reliance on signal transduction pathways, 
the tumor microenvironment and immune composition 
contribute to lymphoma pathogenesis and may augment 
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PAM axis deregulation.10,11 Lenalidomide (LEN) is an im-
mune-modulatory agent which enables proteasomal 
degradation and downregulation of several transcription 
factors, which then function as oncogenes.12 Within the 
PAM axis, LEN inhibits Akt phosphorylation and VEGF 
translation.1,13 LEN is active in both NHL and cHL, and is 
frequently tested in combination regimens.14,15 
Given the promising single-agent activity of both TEM and 
LEN and the potential for synergistic effects of the two 
agents on the PAM axis, we conducted a multicenter 
phase I/II study of combination TEM/LEN therapy in pa-
tients with relapsed and refractory lymphomas. 

Methods 
This study is an open-label phase I/II multicenter clinical 
trial of TEM/LEN combination therapy in patients with re-
lapsed and refractory lymphomas. Weekly data and safety 
monitoring occurred through the University of Chicago 
Phase II consortium. This clinical trial was registered 
through the National Cancer Institute as protocol number 
8309 (clinicaltrial gov. Identifier: NCT01076543). Study ac-
crual occurred from 2010 to 2015. The protocol was ap-
proved by the University of Chicago Medical Center 
Institutional Review Board (IRB number 09-443-A). 

Patient selection and eligibility 
Patients with histologically-confirmed cHL and NHL 
treated with ≥ 1 prior cytotoxic regimen were eligible. 
There was no limit to the number of prior therapies 
allowed, and patients with prior autologous stem cell 
transplantation (ASCT) were eligible. Chronic lymphocytic 
leukemia/small lymphocytic lymphoma (CLL/SLL) was ex-
cluded due to poor efficacy of single-agent TEM observed 
previously in this disease.9 For the phase II component, pa-
tients were grouped into three cohorts: (i) DLBCL; (ii) FL; 
and (iii) an exploratory cohort of other lymphomas (includ-
ing cHL, T-cell NHL [T-NHL], marginal zone lymphoma 
[MZL], lymphoplasmacytic lymphoma [LPL], and MCL). Full 
inclusion criteria are presented in the Online Supplemen-
tary Appendix. 

Study design and treatment plan 
For the phase I dose-finding study, TEM was administered 
intravenously weekly at a dose of 25 mg for all dose levels, 
and LEN was administered orally on day 1 through day 21 
every 28 days at three dose levels: 15 mg, 20 mg, and 25 
mg. One cycle was defined as 4 weeks, or 28 days. There 
was no intrapatient dose escalation. Treatment was ad-
ministered on an outpatient basis. Patients were treated 
to intolerance, progression, or discontinuation at physician 
discretion. Dose-limiting toxicity (DLT) was defined as 
grade 3 or 4 non-hematologic toxicity, grade 4 thrombo-

cytopenia for greater than 7 days (or associated with 
bleeding or requiring more than 1 platelet transfusion), 
ANC less than 500/mL for greater than 7 days despite 
growth factor administration, or any thromboembolic 
event. DLT was assessed after one cycle of TEM/LEN. 
The phase II study accrued patients into the three afore-
mentioned cohorts: DLBCL, FL, and the exploratory cohort 
of other lymphoma histologies. Patients received therapy 
for up to 1 year, or until disease progression or devel-
opment of toxicities requiring treatment cessation. Pa-
tients considered to be at high risk of developing venous 
thromboembolism received prophylactic aspirin or low 
molecular weight heparin. 

Response and toxicity assessment criteria 
Eligible patients from the DLBCL, FL, and the exploratory 
cohort were assessed for response to therapy using the 
2006 revised response criteria for lymphoma.16 Patients 
with Waldenström macroglobulinemia (WM) were as-
sessed using the consensus recommendations for re-
sponse.17 Response assessments were performed after 
cycle 2 (week 8), and then every 3 months thereafter. Con-
firmatory scans were recommended at least 4 weeks fol-
lowing initial documentation of an objective response. 
Toxicities were graded according to the National Cancer 
Institute Common Terminology Criteria for Adverse Events, 
Version 4. Patients were eligible for toxicity reporting if at 
least one dose of a study drug was administered. Patients 
were removed from the study if one of the following crite-
ria applied: completion of 52 weeks of therapy, disease 
progression, unacceptable adverse events, study withdra-
wal, or eligibility for allogeneic transplantation. Patients 
who were candidates for allogeneic transplantation after 
progression on TEM/LEN proceeded directly to transplant 
without bridging therapy. 

Study endpoints and statistical analysis 
The phase I dose-finding study utilized a “3+3” design, and 
the phase II study accrued patients in a two-stage “mini-
max” design for each cohort.18 The primary endpoints of the 
phase II study were rates of complete (CR) and overall re-
sponse (ORR), and secondary endpoints were duration of 
response (DOR), progression-free survival (PFS) and overall 
survival (OS), stratified by histology. PFS was defined as the 
time from study entry to progression or death from any 
cause. OS was defined as the time from study entry to 
death. DOR was defined as the time from the first docu-
mented date of response to the date of progression or 
death, whichever came first. PFS, OS, and DOR were esti-
mated by the Kaplan-Meier method.19 Median time to event 
and associated 90% confidence intervals were determined 
using the procedure of Brookmeyer and Crowley.20 A full de-
scription of the null and alternative hypotheses is pres-
ented in the Online Supplementary Appendix. 



Dose level
Dose

Number of patients DLT
TEM (mg) LEN (mg)

-1 25 mg 10 mg na na

1 25 mg 15 mg
8 grade 4 hypokalemia

(2 inevaluable for DLT)

2
25 mg 20 mg

4 No DLT

(1 inevaluable for DLT)

3 25 mg 25 mg 6
grade 3 diarrhea, 

grade 3 HSV mucositis 

Table 1. Summary of dose levels, number of patients, and dose-limiting toxicities for the phase I study.

DLT: dose-limiting toxicity; TEM: temsirolimus; LEN: lenalidomide; HSV: herpes simplex virus. 
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Results 
Phase I 
Of 18 patients enrolled in the phase I study, 13 were male 
and five were female, with a median age of 62 years 
(range, 41-80 years). Of these, 15 patients were evaluable 
for DLT assessment, with the remaining three patients 
non-evaluable due to one withdrawing consent before 
starting treatment, one withdrawing consent after one 
dose, and one dying of rapid disease progression after one 
dose. As shown in Table 1, there was one DLT at dose level 
1 (grade 4 hypokalemia) and two DLT at dose level 3 (grade 
3 diarrhea and grade 3 HSV mucositis). Other grade 3 or 4 
adverse events not meeting DLT criteria are as follows, 
each occurring in one patient: hypokalemia, hypertriglyce-
ridemia, vomiting, urinary tract infection, skin infection, 
nausea, hypoxia, hyponatremia, diarrhea, and hyperglyce-
mia. Of the 18 patients, there were five with partial re-
sponses, three with stable disease, six with progressive 
disease, and four not adequately assessed. Per protocol, 
dose level 2 was thus established as the recommended 
phase II dose: TEM 25 mg weekly and LEN 20 mg on day 1 
through day 21 every 28 days. Patients were treated for at 
least two consecutive 28-day cycles, and patients show-
ing at least stable disease after two cycles were permitted 
to continue treatment for up to 52 weeks of therapy. 

Phase II 
The baseline characteristics for the 93 patients in the 
phase II study are displayed in Table 2, including 39 pa-
tients with DLBCL, 15 patients with FL, and 39 patients in 
the exploratory cohort. In the DLBCL cohort, six had a 
prior history of FL and three had a prior history of MZL. In 
the exploratory cohort, 20 had cHL, nine had T-NHL, five 
had MCL, four had MZL, and one had WM. Overall, there 
were 62 males and 31 females, with a median age of 57 
years (range, 23-78 years). The cohort was very heavily 
pre-treated with four (range, 1-14) median prior treat-
ments. A total of 31 patients (33%) had relapsed following 
ASCT. In the DLBCL and FL cohorts, all patients had pre-
viously received rituximab. In the exploratory cohort, all 

patients with B-cell NHL had previously received rituxi-
mab. For the 20 cHL patients in the exploratory cohort, 
the median number of prior treatments was six (range, 3-
14), 19 (95%) had progressed after previous treatment with 
brentuximab vedotin (BV), and 15 (75%) had progressed 
after previous ASCT. The FL cohort was closed prematurely 
due to slow accrual. The CONSORT diagram for the phase 
II study is displayed in Online Supplementary Figure S1. 

Primary and secondary endpoints 
Primary and secondary endpoints were analyzed for all 93 
patients in the phase II study on an intention-to-treat 
basis. The rates of CR and ORR, and median DOR, PFS, OS, 
and follow-up for all three cohorts are displayed in Table 
3. A waterfall plot of best responses from baseline is dis-
played in Figure 1. The DLBCL and exploratory cohorts 
achieved a sufficient number of responses in the first 
stage to proceed to the second stage of the phase II trial. 
The FL cohort was terminated due to lack of accrual. A 
swimmer’s plot of treatment duration, best responses, 
and follow-up for the DLBCL and cHL cohorts is displayed 
in Figure 2. 
In the DLBCL cohort, the ORR was 25.6% with 12.8% 
achieving CR. Twenty-two of the 39 DLBCL patients had 
germinal center B-cell-like (GCB) DLBCL, and three of 
those patients responded. Eight of the 39 DLBCL patients 
had activated B-cell-like (ABC) DLBCL, and seven of those 
patients responded. No patients with transformed lym-
phomas responded to TEM/LEN treatment. The total 
number of responders, ten of 39, was not sufficient to re-
ject the null hypothesis of a 30% response rate. The 
median DOR of the DLBCL cohort was 13.8 months (90% 
confidence interval [CI]: 4.1-19.0 months). The median DOR 
was 4.1 months (90% CI: 2.6 months - not estimable) for 
GCB versus 13.8 months (90% CI: 11.3 months - not esti-
mable) for ABC, which was not significant (P=0.09), al-
though this comparison was based on few patients. The 
median PFS and OS were 7.0 months (90% CI: 3.5-8.0 
months) and 9.1 months (90% CI: 6.0-16.0 months), re-
spectively, as shown in Figure 3. At last follow-up assess-
ment, six patients were alive, 30 had died, and three were 



 Characteristics DLBCL FL Exploratory cohort

Number of patients 39 15 39

Median age (y) 65 61 49

Age range (y) 25-78 43-76 23-72

Sex

Male (%) 28 (72) 9 (60) 25 (64)

Female (%) 11 (28) 6 (40) 14 (36)

Race

White 33 12 29

Black or African American 4 2 6

Asian 1 1 1

Unknown or declined 1 0 1

American Indian or Alaska Native 0 0 1

More than one race 0 0 1

Ethnicity

Hispanic or Latino 1 1 7

Non-hispanic 37 14 31

Unknown or declined 1 0 1

Histology

DLBCL 39

Follicular lymphoma 15

Hodgkin lymphoma 20

T-cell lymphoma 9

Mantle cell lymphoma 5

Marginal zone lymphoma 4

Waldenström macroglobulinemia 1

Lymphoma characteristics

Germinal center subtype 22

Non-germinal center subtype 8

Double hit lymphoma 3

Double expressor lymphoma 4

Transformed lymphoma 9

Number of prior regimens

1 4 2 2

2 12 2 1

3 5 4 9

4 7 2 10 

>4 11 5 17

Median 3 3 4

Range 1-11 1-6 1-14

Type of prior therapy

Multiagent chemotherapy (%) 39 (100) 15 (100) 39 (100)

Radiation (%) 9 (23) 1 (7) 17 (44)

Rituximab (%) 39 (100) 15 (100) 10 (26)

Autologous stem cell transplantation (%) 8 (21) 2 (13) 21 (54)

Brentuximab vedotin (%) 0 (0) 0 (0) 20 (51)  

Table 2. Baseline patient characteristics for the phase II study.

FL: follicular lymphoma; DLBCL: diffuse large B-cell lymphoma; y:years.
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lost to follow-up. Five patients in the DLBCL cohort pro-
ceeded to allogeneic transplantation after TEM/LEN ther-
apy, with three reported as alive and two lost to follow-up 
at last assessment. 
The FL cohort (n=15) was slow to accrue and closed pre-

maturely, and was therefore not included in the Kaplan-
Meier survival analysis. The ORR was 46.6% with 33.3% 
achieving CR. The median DOR was 26.5 months (90% 
CI:17.6-35.2 months). The median PFS and OS were 27.7 
months (90% CI: 6.5-35.8 months) and 35.8 months (90% 



Figure 1. Waterfall plot for best response for evaluable patients in the phase II study by histology (n=74). Of the 93 patients in 
the phase II study, 8 patients did not complete 2 cycles of temsirolimus/lenalidomide (TEM/LEN) for pre-specified response 
assessment, 10 patients did not have reported response data, and 1 patient had Waldenström macroglobulinemia. DLBCL: 
diffuse large B-cell lymphoma; FL: follicular lymphoma; cHL: classical Hodgkin lymphoma; T-NHL: non-Hodgkin lymphoma; MZL: 
marginal zone leukemia; MCL: mantle cell lymphoma.
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CI: 18.8 months - not estimable), respectively. At last fol-
low-up assessment, five patients were alive, six had died, 
and four were lost to follow-up. 
When evaluating all patients in the exploratory cohort, the 
ORR was 64.1% (CR 17.9%) and the median DOR was 5.5 
months (90% CI: 2.6-23.7 months). Among all histologies 
in this cohort, the total number of responders, 25 of 39, 
was sufficient to reject the null hypothesis of a 30% re-
sponse rate (P<0.10). The median PFS and OS were 7.0 
months (90% CI: 4.6-9.9 months) and 25.5 months (90% 
CI: 10.8-60.6 months), respectively, as shown in Figure 3. 
At last follow-up assessment, ten patients were alive, 21 
had died, and eight were lost to follow-up.  
A substantial portion of patients in the exploratory cohort 
had cHL (n=20). As displayed in Table 3, the ORR for cHL 
was 80% (CR 35%). The median DOR was 8.1 months (90% 
CI: 5.1-38.3 months). The median PFS and OS were 9.2 
months (90% CI: 4.6 - 25.5 months) and 39.6 months (90% 
CI: 17.4 months - not reached), respectively, displayed in 
Figure 4. Eight cHL patients (40%) proceeded to allogeneic 
transplantation after TEM/LEN therapy. At last follow-up 
assessment, nine patients were alive, nine had died, and 
two were lost to follow-up. Notably, six of the eight pa-
tients who had received allogeneic transplantation after 
TEM/LEN were alive at last assessment. 
Of the 19 non-cHL patients in the exploratory cohort, nine 
achieved a PR and none achieved a CR (ORR 47.4%). Spe-

cifically, responses were observed in six of nine patients 
with T-NHL (67%) with a median DOR of 2.3 months (90% 
CI: 1.8 months - not reached), in two of four patients with 
MZL (50%), in the one patient with WM, and no patients 
with MCL. 

Treatment delivered 
The median number of TEM/LEN cycles delivered was four 
(range, 1-21). The CONSORT diagram in the Online Supple-
mentary Figure S1 depicts the reasons for treatment dis-
continuation among all three cohorts. Twelve patients, 
three in the phase I study and nine in the phase II study, 
did not complete two cycles of TEM/LEN for the following 
reasons: adverse effects (n=6), progression of disease 
(n=3), withdrawal from study (n=1) or death (n=2). Reasons 
for discontinuing study treatment at any point beyond 
cycle 2 included toxicity (n=21, see safety and tolerability), 
progression of disease (n=36), death (n=3), or other (n=26). 
In this latter category, reasons for the discontinuation of 
therapy were either to pursue alternative treatment or due 
to physician or patient decisions. Fifty-one patients 
required dose reductions, primarily due to hematopoietic 
toxicities. 

Safety and tolerability 
Online Supplementary Table S1 summarizes the AE that oc-
curred in greater than 10% of patients or that were grade 3 



Figure 2. Swimmer’s plot for patients in the diffuse large B-cell lymphoma (n=39) and classical Hodgkin lymphoma (n=20) 
cohorts. The plot includes treatment duration, duration of follow-up, best responses, time of progression, reason for treatment 
discontinuation, and time of subsequent transplantation. DLBCL: diffuse large B-cell lymphoma.
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or 4 in severity in the phase I study, and Table 4 summarizes 
the AE in the phase II study. In the phase II study, grade 3 or 
4 hematologic AE were common, and included anemia 
(n=27), lymphopenia (n=39), neutropenia (n=43), thrombo-
cytopenia (n=40), and leukocytosis (n=37). Common grade 1-
2 non-hematologic AE included alanine transaminase (ALT) 
and aspartate transaminase (AST) elevation, hypertriglyce-
ridemia, hyperglycemia, hypocalcemia, hypokalemia, ano-
rexia, fatigue, and rash. Grade 3 or 4 non-hematologic AE 
were uncommon, with only fatigue occurring in greater than 
10% of patients in the phase II study. Three grade 5 AE were 
observed that were possibly related to TEM/LEN, and were 
colonic perforation, myocardial infarction, and sepsis. There 
was one case of grade 3 pneumonitis in the phase I study 

and one case of grade 3 thromboembolism in the phase II 
study. There were no secondary malignancies identified. 
There were ten deaths on study: one in the phase I portion 
due to disease, and nine in the phase II study, three of which 
were the aforementioned grade 5 AE, four due to disease, 
and two which were unrelated to the study (1 seizure, 1 in-
fectious pneumonia occurring several months after receiving 
a single dose of TEM/LEN). 

Discussion 
Despite significant advances, there remains a need to 
identify safe, rational and efficacious regimens for re-



Figure 3. Kaplan-Meier curves for progression-free survival, overall 
survival and duration of response in the diffuse large B-cell lymphoma 
(n=39) and exploratory cohorts (n=39).  The duration of response 
curves are based on 10 and 25 responders, respectively. DLBCL: diffuse 
large B-cell lymphoma.

DLBCL (n=39) FL (n=15) Exploratory cohort (n=39)

Entire cohort  
(N=39)

Hodgkin lymphoma 
(N=20)

Primary outcomes

Complete response (%) 5 (12.8) 5 (33.3) 7 (17.9) 7 (35)

Overall response (%) 10 (25.6) 7 (46.6) 25 (64.1) 16 (80)

Secondary outcomes

PFS (median, 90% CI) 7.0 months 27.7 months 7.0 months 9.2 months

(3.5-8.0) (6.5-35.8) (4.6-9.9) (4.6-25.5) 

OS (median, 90% CI) 9.1 months 35.8 months 25.5 months 39.6 months

6.0-16.0) (18.8-NE)1 (10.8-60.6) (17.4-NR)2

DOR (median, 90% CI) 13.8 months3 26.5 months4 5.5 months5 8.1 months6

(4.1-19.0) (17.6-35.2) (2.6-23.7) (5.1-38.3)

Follow-up (median, range) 8.0 months 18.8 months 13.1 months 20.9 months

(1.3-30.9) (5.9-73.9) (1.0-71.6) (2.6-71.6)

Table 3. Primary and secondary outcomes: rates of complete response, overall response, and survival for all three cohorts, 
including the subset of Hodgkin lymphoma patients in the exploratory cohort.

1NE: not estimable; 2NR: not reached; 3n=10; 4n=7; 5n=25; 6n=16; CI: confidence interval; FL: follicular lymphoma; DLBCL: diffuse large B-cell 
lymphoma; PFS: progression-free survival; OS: overall survival: DOR: duration of response. 
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lapsed and refractory lymphomas. A promising target is 
the PAM signaling axis, with mTOR representing one of the 
penultimate components impacting mRNA translation, 
autophagy, and cell survival.5 LEN, with its pleiotropic ef-
fects on malignant and non-malignant cells, is a rational 
combination partner. This phase I/II clinical trial investi-
gated the safety and efficacy of the first-generation mTOR 

inhibitor TEM plus LEN across several lymphoma sub-
types. The phase I component identified LEN 20 mg on 
days 1 through 21 of a 28-day cycle as the recommended 
phase II dose when combined with weekly TEM at 25 mg. 
Preliminary efficacy and acceptable toxicity in the phase I 
study prompted the phase II trial, which shows promising 
activity of TEM/LEN combination therapy in relapsed and 

A B

C



Toxicity All grades Grade 3-4 Grade 5
Non-hematologic toxicity

ALT increased 39 (42%) 1 (1%) 0

Alk phos increased 31 (33%) 1 (1%) 0

Anorexia 37 (40%) 4 (4%) 0

AST increased 38 (41%) 0 0

Bleeding 10 (11%) 0 0

Chills 10 (11%) 0 0

Hypercholesterolemia 28 (30%) 0 0

Colonic perforation 0 0 1 (1%)

Constipation 32 (34%) 0 0

Cough 15 (16%) 0 0

Creatinine increased 23 (25%) 1 (1%) 0

Diarrhea 28 (20%) 2 (2%) 0

Dysgeusia 21 (23%) 0 0

Edema 29 (31%) 1 (1%) 0

Fatigue 65 (70%) 11 (12%) 0

Fever 22 (24%) 6 (6%) 0

Hypercalcemia 10 (11%) 0 0

Hyperglycemia 69 (74%) 8 (9%) 0

Hypernatremia 10 (11%) 0 0

Hypertension 10 (11%) 2 (2%) 0

Hypertriglyceridemia 35 (38%) 5 (5%) 0

Hypoalbuminemia 26 (28%) 1 (1%) 0

Hypocalcemia 50 (54%) 4 (4%) 0

Hypokalemia 56 (60%) 8 (9%) 0

Hypomagnesemia 25 (27%) 2 (2%) 0

Hyponatremia 19 (20%) 2 (2%) 0

Hypophosphatemia 22 (24%) 3 (3%) 0 

Infection 11 (12%) 2 (2%) 0

Myalgia 9 (10%) 1 (1%) 0

Myocardial infarction 0 0 1 (1%)

Nausea 26 (28%) 2 (2%) 0

Neuropathy 16 (17%) 0 0

Pain 11 (12%) 1 (1%) 0

Pruritus 30 (32%) 1 (1%) 0

Rash 59 (63%) 7 (8%) 0

Sepsis 0 0 1 (1%)

Stomatitis 22 (24%) 3 (3%) 0

Thromboembolism 4 (4%) 1 (1%) 0

Hematologic toxicity

Anemia 77 (83%) 27 (29%) 0

Lymphopenia 66 (71%) 39 (42%) 0

Neutropenia 63 (68%) 43 (46%) 0

Thrombocytopenia 76 (82%) 40 (43%) 0

Leukocytosis 76 (82%) 37 (40%) 0  

Table 4. Summary of reported toxicities in the phase II study 
occurring in either greater than 10% of patients or grade ≥3 in 
severity.

ALT: alanine transaminase; Alk phos: alkaline phosphatase; AST: as-
partate transaminase. 

refractory cHL. Among 20 cHL patients with very heavily 
pretreated disease, including a median of six prior lines 
of therapy and near universal BV exposure, we found an 
ORR of 80%, allowing many to be bridged to subsequent 
allogeneic stem cell transplantation.   
mTOR inhibitors, both alone and in combination, have 
been previously tested in lymphoid malignancies. Early re-
search on mTOR inhibitors focused on relapsed MCL due 
to the putative role of mTOR inhibition in suppressing 
downstream overexpression of cyclin D1.5,7 Initial phase II 
trials of single-agent TEM in MCL demonstrated an ORR 
of 38-41%,7,21 culminating in a phase III study of TEM com-
pared to investigator’s choice of therapy which demon-
strated a superior PFS and ORR with TEM.8 Further 
mTOR-focused clinical research with the rapamycin 
analog everolimus demonstrated modest single-agent ac-
tivity in relapsed aggressive lymphomas with an ORR of 
30-38%,22 with an even higher ORR of 70% in WM.23 Given 
the encouraging single-agent activity of mTOR inhibitor 
monotherapy, there has been ongoing research into syn-
ergistic combinations.3 A phase II study of TEM in com-
bination with rituximab for relapsed MCL found an 
improved ORR of 59%,24 and preliminary data have been 
presented on mTOR inhibitors in combination with the 
BCL2 inhibitor venetoclax25 as well as triplet therapy with 
mTOR inhibitors, BTK inhibitors and pomalidomide,26 all 
with encouraging early reports. 
Among NHL patients, our trial identified modest activity in 
DLBCL, with similar response rates compared to our pre-
vious phase II clinical trial of TEM monotherapy in DLBCL.9 
Despite limited responses, we observed a median DOR of 
13.8 months in heavily-pretreated patients with aggressive 
disease, a considerably longer DOR than only 2.4 months 
observed with single-agent TEM.9 These findings with 
TEM/LEN may be related to cell-of-origin; seven of ten 
DLBCL responders, including three of five complete re-
sponders, harbored an ABC phenotype where LEN is known 
to have preferential activity.29 Others have shown that up-
stream inhibition of PAM signaling may be active in DLBCL 
and related to PIK3CA amplification;3,27 to this point, the 
PI3K inhibitor copanlisib demonstrated single-agent activ-
ity in relapsed DLBCL with an ORR of 32% in ABC-type and 
13% in GCB-type.28 Since our study was conducted, the 
management options for relapsed and refractory DLBCL 
have expanded substantially and now includes chimeric 
antigen receptor T (CAR-T) cell therapy, and the role of less 
aggressive regimens such as TEM/LEN is unclear. TEM/LEN 
may be an option for patients unable to tolerate CAR-T 
cells, particularly for patients with ABC DLBCL, or given the 
impact of PI3K inhibition on CAR-T cell activity and persist-
ence in vivo, there may be a role to further explore PAM 
axis inhibition following CAR-T cells.30,31  
The FL cohort was unfortunately closed due to low ac-
crual, which may be related to the competitive landscape 
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Figure 4. Kaplan-Meier curves for progression-free survival, overall 
survival and duration of response for the classical Hodgkin 
lymphoma patients (n=20) in the exploratory cohort. The duration of 
response curve is based on 16 responders.
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of effective therapies both as part of clinical trials as well 
as routine clinical care. We are encouraged by the early 
activity of TEM/LEN in FL, but have insufficient data to 
comment further. 
In the exploratory cohort that enrolled other lymphoma his-
tologies, we observed promising activity with TEM/LEN in 
T-NHL, with two-thirds of patients responding. Others have 
shown activity with both mTOR inhibitors and LEN in T-NHL, 
with ORR of 44% with single-agent everolimus32 and ORR 
of 26% with single-agent LEN.33 The activity of LEN in T-
NHL may be due to overexpression of Akt in T-NHL,34 with 
evidence of possible synergism between TEM and LEN in 
this study. There is preclinical rationale for combination tar-
geting of the PAM axis in T-NHL, with dual mTOR and PI3K 
inhibition demonstrating activity in cutaneous T-NHL cell 
lines.35 The PI3K pathway appears to be particularly active 
in T-NHL,36 with a phase I trial of duvelisib demonstrating 
ORR of 50.0% in peripheral T-NHL and 31.6% in cutaneous 
T-NHL37 and a phase I trial of novel dual PI3K d/γ inhibitor 
tenalisib demonstrating ORR of 46% in relapsed T-NHL.38 
Further investigation of PAM inhibition, with or without LEN, 
appears warranted. 
The most promising signal of activity in our study was ob-
served in relapsed and refractory cHL. While our study was 
conducted prior to the era of checkpoint inhibitors (CPI), 
cHL patients enrolled in this trial were heavily pretreated, 
with a median of six prior regimens, with near universal 

prior BV exposure and the majority having relapsed despite 
prior ASCT. We observed an ORR of 80% with a CR rate of 
35%, which compares favorably with expected outcomes 
following either single-agent BV or CPI.39,40 This may be due 
to constitutive activation of the PAM axis in cHL with down-
stream activation of NF-kB promoting cell survival and pro-
liferation.6,41 Others have explored mTOR inhibition as 
monotherapy and in combination with other agents in cHL. 
Based on preclinical work demonstrating cell cycle arrest 
and autophagy induced by TEM in cHL cell lines, a phase II 
trial of single-agent everolimus in 19 patients with relapsed 
cHL was conducted and found an ORR of 47%.42 Combined 
sirolimus and vorinostat had an ORR of 55% in relapsed 
cHL.43 However, combination therapy with TEM/LEN had 
higher response rates than LEN (ORR 19%)15 or mTOR in-
hibitors (ORR 47%) alone,42,44 supporting dual targeting of 
the PAM axis in cHL. Targeting other components of the 
PAM axis, such as PI3K inhibition, has demonstrated mod-
est response rates, with an ORR of 20% with single-agent 
idelalisib in relapsed cHL.45 Additional areas to consider in-
clude combination with CPI, as mTOR inhibition may induce 
PD-L1 expression and encourage immune escape in pre-
clinical models.46 Further, a recent study of the mTOR in-
hibitor everolimus in combination with ruxolitinib, an oral 
JAK inhibitor which targets the JAK/STAT pathway that is a 
putative escape mechanism to CPI,47 demonstrated an ORR 
of 79% in relapsed cHL that had progressed after CPI ther-
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apy.48 Overall, combined TEM/LEN had encouraging activity 
and supports further investigation in cHL. 
The combination of TEM/LEN therapy was feasible in this 
study, with hematologic AE being most commonly experi-
enced. Pneumonitis is a previously-reported complication 
of mTOR inhibitor therapy,49 but we found only one case of 
grade 3 pneumonitis occurring in this study. LEN treatment 
has been associated with a risk for thromboembolism,50 
and there was one grade 3 thromboembolism in the study. 
Although there is significant experience with weekly TEM 
dosing, it is clearly inconvenient for patients, and there is a 
suggestion that higher TEM dosing may be more efficacious 
than the 25 mg dose selected for evaluation in this study.8 
Overall, the combination of TEM/LEN demonstrated en-
couraging activity in a heavily pretreated group of patients 
with relapsed and refractory cHL, and could be a platform 
for future investigations. In contrast, the addition of LEN to 
TEM did not show significant improvement over our prior 
TEM monotherapy study in either DLBCL or FL, although 
we did find encouraging response duration among the few 
responding patients and preliminary activity in a very small 
cohort of T-NHL patients. Two major unanswered questions 
are whether first-generation agents such as TEM or ever-
olimus provide optimal mTOR inhibition,5 and whether up-
stream inhibition of PI3K should supplant our approach 
given the number of agents in this area. Future research 
exploring novel therapeutics or combinations of thera-
peutics acting on the PAM axis, particularly in patients who 
cannot tolerate transplantation or i.e., CAR-T cell therapy 
and have heavily pre-treated lymphomas, is warranted. 
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