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• Cancer patients eligible for checkpoint inhibitors increased 
from 1.54% in 2011 to 43.63% in 2018.  

• Patients who respond to checkpoint inhibitors increased from 
0.14% in 2011 to 12.46% in 2018. 



Jain, J Clin Onc. 2013.
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Abnormal blood vessels lead to impaired blood flow, 
resulting in hypoxia & low pH and poor delivery of  

molecules and cells
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Abnormal vasculature

CSF1, CCL2, SDF1α
TAM

PD-L1 ↑
Phagocytosis ↓ Anti-tumor M1 ↓

CTL dysfunction

Adaptive immunity ↓

CCL17, CCL22, CCL28
TGFβ, adenosine, IL10

PD-1 ↑

CTL ↓

Treg ↑ 

Immune suppression ↑

PD-L1 ↑

EC T cell infiltra
tion ↓

VEGF, Ang-2

Ag presentation ↓
DC

PD-L1 ↑

Maturation ↓ 
VEGF, GM-CSF, IL-6

Tumor microenvironment

Hypoxia and low pH contribute to immuno-
suppressive tumor microenvironment

Fukumura, Kloepper, Amoozgar, Duda and Jain, Nature Reviews Clinical Oncology (2018) 
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Hypoxia and low pH also cause…
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HYPOTHESIS: 

Improving vascular function can reprogram the 

TME into an immunosupportive milieu

 Jain, Cancer Cell (2014)

  Improved vascular function  

Immature 

DCs

Mature 

DCs



Two strategies to improve 
function of  tumor blood vessels

Stroma/ECM Normalization

 Vascular Normalization

Jain, Nature Medicine (2001); Science (2005, 2019)



Normalization of  Vessels in Response to 

Antiangiogenic Therapy

Vakoc, Lanning et al, Nature Medicine (2009)



Agent / 

Cancer Type Rectal Cancer Brain tumors Breast Cancer Upper GI Ca Sarcoma Ovarian Cancer Lung Cancer Schwannoma Pediatric brain 

tumors

Bevacizumab

(Genentech)

Cediranib

(AstraZeneca)

Sunitinib

(Pfizer)

Sorafenib

(Bayer/Onyx)

Ramucirumab 
(ImClone)

Vatalanib

(Novartis)

Vandetanib

(AstraZeneca)

Plerixafor 
(Genzyme)

Losartan/Chemo/
Proton Therapy
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Ryan



Cancer type Agent(s)  Imaging parameter Outcome measure Reference

Recurrent GBM Cediranib
Blood flow 


(MRI)
PFS 

OS

Sorensen et al., 
Cancer Res 2012

Newly diagnosed GBM Cediranib with 
chemoradiotherapy

Blood flow 

(MRI)

PFS 

OS

Batchelor et al., 
PNAS 2013

Advanced non-small 
cell lung cancer 
(NSCLC)

 Bevacizumab alone and   then 
with chemotherapy

Blood flow 

(dCT after bev alone)

ORR
Heist et al.,

PNAS 2015

Chemo-naive breast 
cancer

 Neoadjuvant bevacizumab alone 
and   then with chemotherapy

Oxygenation

(FMISO-PET after bev alone)

ORR Garcia-Foncillas et 
al., ASCO 2012

Triple negative  breast 
cancer

 Neoadjuvant bevacizumab alone 
and   then with chemotherapy

Vessel density & pericyte coverage

(IHC in serial biopsies 


after bev alone)

Path response 

(Miller-Payne score)

Tolaney et al., 

PNAS 2015

Increase in tumor blood perfusion or 
oxygenation correlates with better outcome 

after anti-VEGF therapy



Vascular normalization reprograms 
the tumor immune microenvironment
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Anti-VEGFR2 treatment (D10) combined 
with immunotherapy doubled survival

Days post tumor implantation
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FDA-Approvals of  drugs targeting the 

VEGF/VEGFR and PD-1/PD-L1 pathways

Combination Disease ORR PFS OS Ref. FDA approval 
date

Bevacizumab/ 
Atezolizumab/ 
Chemotherapy

NSCLC 55% vs. 42% 
(bev + chemo)

8.3 m vs. 6.8 m 
(bev + chemo)

19.2 m vs. 14.7 m 
(bev + chemo)

Socinski et al., N 
Engl J Med 2018 Dec 7, 2018

Axitinib/ 
Pembrolizumab RCC 59.3% vs. 35.7% 

(sunitinib) 
15.1 m vs. 11.1 m 

(sunitinib) Not reached (NR) Rini et al.,  
N Engl J Med 2019 Apr 30, 2019

Axitinib/ 
Avelumab RCC 51.4% vs. 25.7% 

(sunitinib) 
13.8 m vs. 8.4 m 

(sunitinib) NR Motzer et al.,  
N Engl J Med 2019 May 14, 2019

Bevacizumab/ 
Atezolizumab HCC 27% vs. 12% 

(sorafenib)
6.8 m vs. 4.5 m 

(sorafenib)
19.2 m vs. 13.2 m 

(sorafenib)
Finn et al.,  

N Engl J Med 2020 May 29, 2020

Cabozantinib/ 
Nivolumab RCC 55.7% vs. 27.1% 

(sunitinib) 
16.6 m vs. 8.3 m 

(sunitinib) NR
Choueiri et al.,  

ESMO 2020 
(Abstract 696O_PR)

Jan 22, 2021

Lenvatinib/ 
Pembrolizumab

Endometrial 
Cancer (not 

MSI-H or 
dMMR)

30% vs. 15% 
(chemo)

6.6 m vs. 3.8 m 
(chemo)

17.4 m vs. 12.0 m 
(chemo)

Makker et al.,  
SGO 2021 

(Abstract 11512)
July 21, 2021

Lenvatinib/ 
Pembrolizumab RCC 71% vs. 36% 

(sunitinib) 
29.9 m vs. 9.2 m 

(sunitinib) NR Motzer et al.,  
N Engl J Med 2021 Aug 10, 2021



Adapted from Martin, Seano and Jain, Annual Rev Physiology (2019)

Vascular Normalization Pathways
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STING



Two strategies to improve 
function of  tumor blood vessels

Stroma/ECM Normalization

 Vascular Normalization

Jain, Nature Medicine (2001); Science (2005, 2019)



Losartan: 
Angiotensin II receptor type I blocker

Losartan
Angiotensin

AT1 receptor

Tsp-1

CTGF

pSMAD2/3

LTBP TGF-`

Collagen
TGF-`

HAS-1,2,3

Hyaluronic acid

 Chauhan, Martin et al, Nature Comm (2013)



vessels       matrix

Pre-Losartan Post-Losartan

Decreasing matrix increases 
tumor blood flow

 Chauhan, Martin et al, Nature Comm (2013)



% Cases by Stage
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Pancreatic Ductal 
Adenocarcinoma (PDAC)



PDAC CLINICAL TEAM: Phase I/II Trial of  Losartan, FOLFIRINOX 
and CRT in Locally Advanced Pancreatic Cancer (LAPC)

Murphy RyanWo Hong

DeLaney

Blaszkowsky Clark Farris Zhu Goyal Kwak

Ferrone

Fernandez-

del Castillo

LillemoeMamon



Unprecedented R0 Resection Rates in Locally-
Advanced Pancreatic Cancer Patients

Percentage

0 10 20 30 40 50 60

FFX-Los-RT (R0 resection)

FFX-Los-RT (resection)

FFX (chemotherapy)-RT (radiation therapy) 

 

70

Murphy et al., JAMA Oncology 2019
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ChemoRadioTherapy (CRT) + losartan (L)

increased CD3+CD8+ T cell infiltration and 

decreased FOXP3 compared to CRT 

CRT+Losartan (CRTL)
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Adding losartan to CRT + aPD1 increased survival 
and proliferation of  CD8+ T cells in murine PDAC

PDAC: KPC001; n = 8 animals/arm; Rx started 
on day 10 after implantation (tumors ~ 5 mm)
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(NCT03563248)
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Stratify: 
-borderline resectable

-locally advanced

FFX x8 
+ Losartan

FFX x8 
+ Losartan

SBRT

SBRT 
Losartan

Surgery

Surgery

Surgery

Losartan
x 6 mo

Nivolumab/
Losartan x 6 mo

N=40

Randomize

FFX x8

SBRT / Losartan 
Nivolumab

N=40

N=40

Stand-Up-2-Cancer multi-institutional 

randomized clinical trial of  losartan (160 Patients)

FFX x8 
+ Losartan

SBRT 
Losartan Surgery

Losartan
x 6 moN=40*



RETROSPECTIVE ANALYSIS of ~11,000   
MGB PATIENTS TREATED WITH ICBs

Cancer types      Median OS (months)
ARB/ACE-I 


Hypertensive
Non-ARB/ACE-I


Hypertensive

GI 11.9 7.9
GU 28.2 17.0

N=2,484

N=3,426

N=257

N=246

Drobni et al, Europ J Cancer (2021)

GI

GU



Critical Importance of  
Using Orthotopic 

Tumors in Immunology 
Studies

(Ho et al, PNAS 2021)



*BP, BRAFV600E/PTEN-/-; #Lymphoma

Authors Immunotherapy Models Journal Year Citation

Banta KL, … Chiang Y, 
Mellman I.

ICB (PD-[L]1 and TIGIT) CT26 / s.c. Immunity 2022 55: 512–526

Spencer CN, … Trinchieri G, 
Daniel CR, Wargo JA.

ICB (PD-L1) MC38 (BP*) / s.c. Science 2021 374: 
1632-1640

Wang Y, … Piva M, Moriceau 
G, Lo RS.

ICB (PD-[L]1, CTLA-4) CT26, KP4662, 
melanomas / s.c. Cancer Cell 2021 39: 11375-87

Hong A, … Lo RS. ICB (PD-L1) CT26, KPC Cancer Discovery 2021 11: 715-35

Das K, … Derouazi M, 
Wollmann G.

Oncolytic vaccine MC38 (E.G7#, B16) / s.c. Nature 
Communications

2021 12: 5195

Wang Y, … Hastings WD, 
Goldoni S.

 ICB (PD-1) MC38 (CT26, 4T1) / s.c. Scientific Report 2021 11: 1399

Baharom F, … Seder RS. SNP vaccine MC38 / s.c. Nature 
Immunology

2021 22: 41-52

Jiao S, ... Sharma P. ICB (PD-1, CTLA-4) Myc-CaP / s.c., bone Cell 2019 179: 1177-90

Lau J, … Kim M, Schmidt M. PD-L1 deficiency MC38 (CT26) / s.c. Nature 
Communications

2017 8: 14572

Iida N, … Trinchieri G, 
Goldszmid RS.

CpG-oligonucleotide

immunotherapy

MC38 (EL4) / s.c. Science 2013 342: 967-70

 Examples of publications using ectopic 
(subcutaneous) tumors for immunotherapy studies



MEK inhibitor + aPDL1 effective in SQ model 
of  CRC but failed  in a phase III trial

Immunity

Article

MAP Kinase Inhibition Promotes T Cell
and Anti-tumor Activity in Combination
with PD-L1 Checkpoint Blockade
Peter J.R. Ebert,1 Jeanne Cheung,1 Yagai Yang,1 Erin McNamara,1 Rebecca Hong,1 Marina Moskalenko,1

Stephen E. Gould,1 Heather Maecker,1,2 Bryan A. Irving,1,3 Jeong M. Kim,1 Marcia Belvin,1 and Ira Mellman1,*
1Genentech, 1 DNA Way, South San Francisco, CA 94080, USA
2Present address: Gilead, Foster City, CA 94404, USA
3Present address: Cytomics Therapeutics, South San Francisco, CA 94080, USA
*Correspondence: mellman.ira@gene.com
http://dx.doi.org/10.1016/j.immuni.2016.01.024

SUMMARY

Targeted inhibition of mitogen-activated protein
kinase (MAPK) kinase (MEK) can induce regression
of tumors bearing activating mutations in the Ras
pathway but rarely leads to tumor eradication.
Although combining MEK inhibition with T-cell-
directed immunotherapy might lead to more durable
efficacy, T cell responses are themselves at least
partially dependent on MEK activity. We show here
that MEK inhibition did profoundly block naive
CD8+ T cell priming in tumor-bearing mice, but actu-
ally increased the number of effector-phenotype
antigen-specific CD8+ T cells within the tumor. MEK
inhibition protected tumor-infiltrating CD8+ T cells
from death driven by chronic TCR stimulation while
sparing cytotoxic activity. Combining MEK inhibition
with anti-programmed death-ligand 1 (PD-L1) re-
sulted in synergistic and durable tumor regression
even where either agent alone was only modestly
effective. Thus, despite the central importance of
the MAP kinase pathway in some aspects of T cell
function, MEK-targeted agents can be compatible
with T-cell-dependent immunotherapy.

INTRODUCTION

Small-molecule targeting of oncogenic driver mutations has
proven useful in the treatment of various cancers such as meta-
static melanoma in patients whose tumors express an activated
mutant allele of BRAF (Bollag et al., 2010; Flaherty et al., 2010).
Treatment with selective inhibitors can control tumor growth,
but they are generally not curative because a variety of second-
ary mutations and transcriptional alterations often confer resis-
tance to the primary therapy and result in tumor progression
and death (Solit and Rosen, 2011).
Although tumors can elicit T cell responses in cancer patients,

tumor-specific T cells are prevented from eradicating tumor cells
by a variety of immune-suppressive programs (Chen and Mell-
man, 2013; Pardoll, 2012). Reversing the suppression of T cell

expansion by antibody blockade of cytotoxic lymphocyte asso-
ciated protein-4 (CTLA4) has yielded long-term responses for at
least a fraction of patients with metastatic melanoma (Hodi et al.,
2010). Similarly, targeting the immunosuppressive interaction of
the T cell activation-induced programmed cell death receptor-1
(PD-1) with its ligand PD-L1 has shown promise (Borghaei et al.,
2015; Herbst et al., 2014; Powles et al., 2014; Robert et al., 2015;
Wolchok et al., 2013) in a wide variety of cancer types (e.g., mel-
anoma, renal, lung, bladder). Unlike the therapeutic benefit typi-
cally observed using oncogene-targeted agents or standard
chemotherapies, disinhibition of anti-tumor T cells not only can
yield tumor regression or elimination, but also can result in dura-
ble clinical responses (Lebbé et al., 2014; Topalian et al., 2014).
Anti-CTLA4, anti-PD-1, and anti-PD-L1 antibodies thus far are

active in only a minority of cancer patients. In many indications
(lung cancer, bladder cancer), no more than 15%–25% of pa-
tients exhibit clinical responses to checkpoint antibodies when
given as single agents (Page et al., 2014; Pardoll, 2012; Topalian
et al., 2014). As a result, there is growing interest in combining
immune therapeutics with each other and with chemotherapies
or pathway-targeted agents (McArthur and Ribas, 2013). Unfor-
tunately, many tumor drivers are also crucial signaling molecules
in T cells whose inhibition might subvert the T cell responses that
immunotherapy seeks to harness. In general, very little is known
about the effects of targeted or chemotherapeutic agents on
immune function.
Given that activating mutations of the small GTPase K-Ras

(Kirsten Rat Sarcoma viral oncogene homolog) are among the
most common drivers in cancer, we focused on its downstream
effector, the signaling molecule MEK (Mitogen/Extracellular
signal regulated Kinase), a key intermediate in the mitogen
activated protein kinase (MAPK) pathway. Two MEK isoforms
(MEK1 and MEK2) are known, both of which phosphorylate
ERK1 and/or ERK2 downstream of Ras and BRAF. MEK has
been well characterized as a critical mediator of the constitu-
tively activemutant form of K-Ras, K-RasG12D, in many cancers
and is currently being investigated in clinical trials alone and in
combination with other targeted agents in tumors harboring
mutant alleles of BRAF or KRAS (Grimaldi et al., 2014; Larkin
et al., 2014; Rahman, 2014; Rosen et al., 2011). It has also
been recently reported that MEK inhibitors can combine preclini-
cally with anti-PD-1 and anti-CTLA4 to provide additional effi-
cacy in mouse models (Liu et al., 2015), yet the mechanism for

Immunity 44, 609–621, March 15, 2016 ª2016 Elsevier Inc. 609
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MAP Kinase Inhibition Promotes T Cell and Anti-
tumor Activity in Combination with PD-L1
Checkpoint Blockade

Highlights
d Pharmacologic inhibition of MEK potentiates rather than

hinders anti-tumor T cells

d MEK inhibitors nonetheless suppress anti-tumor priming in

lymph nodes in vivo

d MEK inhibitors potentiate anti-tumor T cells by impairing

TCR-driven apoptosis

d MEK inhibition combines with anti-PD-L1 treatment to yield

durable tumor regression
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In Brief
MEK is a critical signaling component for

both Ras-pathway-mutated tumors and

normal T cells. Mellman and colleagues

demonstrate that MEK inhibitors

potentiate rather than suppress T-cell-

based anti-tumor immunity and can

combine successfully with anti-PD-L1

immunotherapy.

Ebert et al., 2016, Immunity 44, 609–621
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and 2F). T-bet and Eomes expression among the antigen-
specific T cells mirrored that of the bulk of CD8+ TILs (Fig-
ure S1). In both control and MEKi-treated tumors, the dex-
tramer-positive cells were almost uniformly PD-1hi, suggesting
their continued exposure to antigen (Figure 2G; Gros et al.,
2014). Thus, the MEKi-induced appearance of T-bethiEomeslo

and T-bethiEomeshi CD8+ TILs did not solely represent expan-
sion of irrelevant T cell clones, but rather included the accumu-
lation of tumor-antigen-specific CD8+ T cell effectors that have
the potential to directly target the tumor.

MEK Inhibition Impairs T Cell Priming in Lymph Nodes
We next asked whether tumor-resident T-bethiCD8+ T cells in
MEKi-treated mice were likely to have arisen from the priming

A

C

D

G H

E F

B Figure 1. Tumor and TIL Response to MEKi
Treatment
(A) BALB/c mice were inoculated with CT26 tumor

cells, then enrolled when tumor volume reached

!200 mm3, and treated daily with either vehicle

alone (‘‘no drug’’) or the Mek inhibitor G-38963 at

75 mg/kg (‘‘MEKi’’).

(B– F) Tumors were dissected and dissociated at

day 12 after the initiation of treatment, fixed, and

stained for phospho-Erk: (B) amounts of pErk in

gated tumor cells; (C) mean MFI of pErk staining

among five tumors per group (±SEM). (D) The

percentage of CD8+ cells among all tumor-resident

cells; (E) the percentage of CD8+ cells per mm3 of

tumor volume; and (F) the percentage of CD8+ TILs

that expressed low amounts of PD-1. All graphs

show the mean among five tumors per group

(±SEM).

(G and H) Representative PD-1 expression on

CD8+ TILs from (G) a control mouse and (H) a

MEKi-treated mouse.

Data are representative of three independent

experiments.

of naive anti-tumor T cells or from the
expansion of T cells that had been primed
against the tumor prior to MEKi adminis-
tration. We first assessed these alterna-
tives in vitro. As expected, MEK inhibition
prevented both the expansion of naive
mouse CD8+ T cells and the upregulation
of T-bet in response to stimulation with
anti-CD3 and anti-CD28 (Figures 3A–
3G). Division of OT-I T cells exposed to
plate-bound anti-CD3 or to ovalbumin
peptide-pulsed splenocytes was similarly
inhibited by MEK inhibition, in a dose-
dependent manner (Figures 3H and 3I).
Thus, in agreement with previous results,
MEK inhibition blocked the priming and
expansion of naive T cells in vitro.
To determine whether MEKi might also

influence priming in vivo, tumor-draining
LNs were examined for the conversion
of naive CD8+ T cells into T-bethiEomeslo

short-termmemory (STM) cells. As shown
in Figures 4A–4C and S2, the T-bet+ population was reduced in
LNs of MEKi-treated as compared to untreated tumor-bearing
mice. Using the gp70:H-2Ld dextramer, we could also show
that the number of tumor-antigen-specific T cells was reduced
by MEKi (Figures 4D–4F) and that MEKi prevented these anti-
gen-specific T cells from acquiring the STM (T-bethiEomeslo)
phenotype in tumor-bearing mice (Figures 4G–4I; and MEKi
also prevented upregulation of the marker of activation and
exhaustion PD-1, shown in Figures 4J–4M). To further confirm
that MEKi arrested gp70-specific T cells in the naive state (as
opposed to depleting them), we performed a pulse-chase exper-
iment. We treated CT26-tumor-bearing mice for 10 days with
MEKi, then either continued treatment or withdrew MEKi for an
additional 2 days (Figures 4N, S3A, and S3B). Two days without

Immunity 44, 609–621, March 15, 2016 ª2016 Elsevier Inc. 611

LBA ! 004 Efficacy and safety results from IMblaze370, a randomised Phase
III study comparing atezolizumab1cobimetinib and
atezolizumab monotherapy vs regorafenib in
chemotherapy-refractory metastatic colorectal cancer

J Bendell1, F Ciardiello2, J Tabernero3, N Tebbutt4, C Eng5, M Di Bartolomeo6,
A Falcone7, M Fakih8, M Kozloff9, N Segal10, A Sobrero11, Y Shi12, L Roberts12, Y Yan12,
I Chang12, A Uyei12, T Kim13

1Sarah Cannon Research Institute/Tennessee Oncology, Nashville, TN, USA, 2Universit!a
degli Studi della Campania Luigi Vanvitelli, Napoli, Italy, 3Vall d’Hebron Institute of
Oncology, VHIO, Barcelona, Spain, 4Medical Oncology, Austin Health, Heidelberg, VIC,
Australia, 5M. D. Anderson Cancer Center, Houston, TX, USA, 6Fondazione IRCCS Istituto
Nazionale dei Tumori, Milan, Italy, 7University Hospital of Pisa, Pisa, Italy, 8City of Hope,
Duarte, CA, USA, 9University of Chicago, Chicago, IL, USA, 10Memorial Sloan Kettering
Cancer Center, New York, NY, USA, 11IRCCS Ospedale San Martino IST, Genova, Italy,
12Genentech, Inc., South San Francisco, CA, USA, 13Asan Medical Center, University of
Ulsan, Seoul, South Korea

Background: Patients with chemotherapy-refractory microsatellite stable (MSS) meta-
static colorectal cancer (CRC) are a population with limited treatment options and
relatively short survival. Atezolizumab (an anti–PD-L1 mAb) inhibits the binding of
PD-L1 to its receptors PD-1 and B7.1, leading to the re-invigoration of tumour-specific
T-cell immunity. Cobimetinib inhibits MEK1/MEK2 in the MAPK pathway, and
blocking the MAPK pathway has been shown to favourably alter the tumour, tumour
microenvironment and T-cell responses to promote anti-tumour immune activity. We
hypothesized that combining atezolizumab with cobimetinib may allow better immune
recognition and generate greater anti-tumour effects than either agent alone in MSS/
microsatellite instability-low (MSI-L) metastatic CRC. Here we report the primary
analysis results from IMblaze370 (NCT02788279), a global, multi-centre, open-label,
randomised Phase III trial comparing atezolizumabþcobimetinib and atezolizumab
monotherapy with standard-of-care regorafenib in patients with previously treated,
unresectable locally advanced or metastatic CRC.

Method: Patients were randomised 2:1:1 to receive atezolizumabþcobimetinib, atezo-
lizumab monotherapy or regorafenib, respectively. Atezolizumab was administered
intravenously at 840 mg Q2W in the combination arm or at 1200 mg Q3W in the
monotherapy arm. Cobimetinib was administered orally at 60 mg on a 21-days-on/7-
days-off schedule and regorafenib was administered orally at 160 mg on a 21-days-on/
7-days-off schedule. The primary endpoint was OS in intention-to-treat (ITT) patients;
secondary endpoints included investigator-assessed PFS, ORR and DOR per RECIST
v1.1.

Results: As of March 9, 2018, 363 patients were evaluated for efficacy and safety. The
median age was 58 y; 26% of patients had received> 3 lines of prior treatment in the
metastatic setting. 1.7% of patients enroled were identified as having MSI-High meta-
static CRC (91.7% as MSS or MSI-L, 6.6% had missing MSI status); 54.3% had RAS-
mutant metastatic CRC. Median OS was 8.9 mo with atezolizumabþcobimetinib vs
8.5 mo with regorafenib (HR, 1.00 [95% CI: 0.73, 1.38] P¼ 0.987) and was 7.1 mo with
atezolizumab monotherapy (HR vs regorafenib, 1.19 [95% CI: 0.83, 1.71]). The PFS
HR for atezolizumabþcobimetinib vs regorafenib was 1.25 (95% CI: 0.94, 1.65) and for
atezolizumab monotherapy vs regorafenib was 1.39 (95% CI: 1.00, 1.94). ORRs were
2.7%, 2.2% and 2.2% with atezolizumabþcobimetinib, atezolizumab monotherapy
and regorafenib, respectively. Treatment-related Grade 3-4 AEs were reported in 45%
of patients who received atezolizumabþcobimetinib, 10% who received atezolizumab
monotherapy and 49% who received regorafenib. Treatment-related AEs of any grade
with>30% occurrence were diarrhoea (56%), rash (42%) and nausea (32%) with ate-
zolizumabþcobimetinib, none with atezolizumab monotherapy, and palmar-plantar
erythrodyaesthesia (51%), fatigue (43%), diarrhoea (35%) and decreased appetite
(34%) with regorafenib. Exploratory analyses, including subgroups defined by MSI and
extended RAS mutation status, will be presented.

Conclusions: IMblaze370 did not meet its primary endpoint; atezolizu-
mabþcobimetinib and atezolizumab monotherapy did not demonstrate statistically
significant prolonged OS benefit vs regorafenib in the ITT population. PFS and ORR
were similar across treatment arms. No new safety signals were observed and the safety
profiles of atezolizumabþcobimetinib combination and atezolizumab monotherapy
were consistent with previous findings.

LBA ! 005 KEYNOTE-061: Phase 3 study of pembrolizumab vs paclitaxel for
previously treated advanced gastric or gastroesophageal
junction (G/GEJ) cancer

K Shitara1, M €Ozgüro#glu2, YJ Bang3, M Di Bartolomeo4, M Mandal!a5, MH Ryu6,
L Fornaro7, T Olesi$nski8, C Caglevic9, H Chung10, K Muro11, E Gökkurt12, W Mansoor13,
R McDermott14, E Schacham-Shmueli15, X Chen16, SP Kang16, C Mayo16, A Ohtsu1,
C Fuchs17

1National Cancer Center Hospital East, Kashiwa, Japan, 2Istanbul University,
Cerrahpaşa School of Medicine, Istanbul, Turkey, 3Seoul National University College of
Medicine, Seoul, South Korea, 4Fondazione IRCCS Istituto Nazionale dei Tumori, Milan,
Italy, 5Papa Giovanni XXIII Hospital, Bergamo, Italy, 6Asan Medical Center, Seoul, South
Korea, 7Azienda Ospedaliero-Universitaria Pisana, Pisa, Italy, 8Maria Skłodowska-Curie
Memorial Cancer Center, Warsaw, Poland, 9Instituto Oncol$ogico Fundaci$on Arturo
L$opez Pérez, Santiago, Chile, 10Yonsei Cancer Center, Yonsei University College of
Medicine, Seoul, South Korea, 11Aichi Cancer Center Hospital, Nagoya, Japan,
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Hospital NHS Foundation Trust, Manchester, UK, 14Adelaide and Meath Hospital,
Dublin, Ireland, 15Sheba Medical Center, Ramat Gan, Israel, 16Merck & Co., Inc.,
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Background: Pembrolizumab showed promising antitumor activity and a manageable
safety profile in patients with pretreated G/GEJ cancer in KEYNOTE-012 and
KEYNOTE-059. KEYNOTE-061 (NCT02370498) was a global, open-label phase 3
study of pembrolizumab vs paclitaxel for previously treated advanced G/GEJ adenocar-
cinoma that progressed after first-line chemotherapy containing platinum and
fluoropyrimidine.

Methods: Eligible patients were randomized in a 1:1 ratio to pembrolizumab 200 mg
Q3W or paclitaxel 80 mg/m2 on days 1, 8, and 15 of 4-week cycles. Randomization was
stratified by geographic region, TTP on first-line therapy, and PD-L1 combined posi-
tive score (CPS). Primary end points were OS (efficacy boundary, one-sided
P¼ 0.0135) and PFS in the CPS$1 population. Differences in OS and PFS were
assessed using the stratified log-rank test.

Results: Of the 592 patients enrolled, 395 had PD-L1 CPS$1: 196 assigned to pembro-
lizumab, 199 to paclitaxel. After median follow-up of 8 mo, 7.8% of patients completed
or remained on pembrolizumab. Median OS was 9.1 mo (95% CI 6.2-10.7) with pem-
brolizumab vs 8.3 mo (95% CI 7.6-9.0) with paclitaxel (HR 0.82, 95% CI 0.66-1.03;
one-sided P¼ 0.042). 12-mo OS rates were 39.8% vs 27.1%; 18-mo rates were 25.7% vs
14.8%. There was no improvement in PFS (median 1.5 mo with pembrolizumab vs
4.1 mo with paclitaxel; HR 1.27 [95% CI 1.03-1.57]) or ORR (15.8% vs 13.6%), but
pembrolizumab responses were more durable (median 18.0 mo vs 5.2 mo; duration
$12 mo 59.5% vs 29.5%). The pembrolizumab treatment effect for OS was more evi-
dent in patients with ECOG PS 0 (median OS 12.3 mo vs 9.3 mo; HR 0.69, 95% CI
0.49-0.97). In post-hoc analysis, the pembrolizumab treatment effect for OS was also
greater in patients with CPS$10 (median OS 10.4 mo vs 8.0 mo; HR 0.64, 95% CI
0.41-1.02) and in patients with MSI-H tumors, regardless of CPS (median OS not
reached vs 8.1 mo; HR 0.42, 95% CI 0.13–1.31). In all patients, grade 3-5 drug-related
AE incidence was 14.3% with pembrolizumab vs 34.8% with paclitaxel; 3.1% vs 5.4%
discontinued due to drug-related AEs.

Conclusions: Pembrolizumab did not significantly improve OS vs paclitaxel in patients
with previously treated G/GEJ cancer and PD-L1 CPS$1, although a benefit for pem-
brolizumab emerged with long-term follow-up. Pembrolizumab had a better safety
profile than paclitaxel. The pembrolizumab treatment effect was more evident in
patients with ECOG PS 0, those with greater PD-L1 expression, and those with MSI-H
tumors. Trials of pembrolizumab as monotherapy and as part of combination therapy
for G/GEJ cancer are ongoing.

Annals of Oncology abstracts

Volume 29 | Supplement 5 | 2018 doi:10.1093/annonc/mdy208 | v123

Lancet Oncology Volume 20, Issue 6, June 2019, Pages 849-861

Atezolizumab with or without cobimetinib versus regorafenib in previously 
treated metastatic colorectal cancer (IMblaze370): a multicentre, open-label, 
phase 3, randomised, controlled trial

Cathy Eng  1 , Tae Won Kim  2 , Johanna Bendell  3 , Guillem Argilés  4 , Niall C Tebbutt  
5 , Maria Di Bartolomeo  6 , Alfredo Falcone  7 , Marwan Fakih  8 , Mark Kozlof  9 , Neil H 
Segal  10 , Alberto Sobrero  11 , Yibing Yan  12 , Ilsung Chang  12 , Anne Uyei  12 , Louise 
Roberts  12 , Fortunato Ciardiello  13 , IMblaze370 Investigators
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Normalization strategies can also benefit 
treatment of  a number of  diseases 

characterized by abnormal vessels that 
afflict 500 million people worldwide

(Nature Reviews Drug Discovery 2011)



original article

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 361;4 nejm.org july 23, 2009358

Hearing Improvement after Bevacizumab  
in Patients with Neurofibromatosis Type 2

Scott R. Plotkin, M.D., Ph.D., Anat O. Stemmer-Rachamimov, M.D.,  
Fred G. Barker II, M.D., Chris Halpin, Ph.D., Timothy P. Padera, Ph.D.,  
Alex Tyrrell, Ph.D., A. Gregory Sorensen, M.D., Rakesh K. Jain, Ph.D.,  

and Emmanuelle di Tomaso, Ph.D.

From the Departments of Neurology 
(S.R.P.), Pathology (A.O.S.-R.), and Radia-
tion Oncology (T.P.P., A.T., R.K.J., E.T.); the 
Cancer Center (S.R.P.); the Neurosurgical 
Service (F.G.B.); and the A.A. Martinos 
Center for Biomedical Imaging (A.G.S.) 
— all at Massachusetts General Hospi-
tal; and the Department of Audiology, 
Massachusetts Eye and Ear Infirmary 
(C.H.) — all in Boston. Address reprint 
requests to Dr. Plotkin at Yawkey 9E, 
Massachusetts General Hospital, 55 Fruit 
St., Boston, MA 02114, or at splotkin@
partners.org. 

This article (10.1056/NEJMoa0902579) was 
published on July 8, 2009, at NEJM.org.

N Engl J Med 2009;361:358-67.
Copyright © 2009 Massachusetts Medical Society.

A bs tr ac t

Background
Profound hearing loss is a serious complication of neurofibromatosis type 2, a ge-
netic condition associated with bilateral vestibular schwannomas, benign tumors 
that arise from the eighth cranial nerve. There is no medical treatment for such 
tumors.

Methods
We determined the expression pattern of vascular endothelial growth factor (VEGF) 
and three of its receptors, VEGFR-2, neuropilin-1, and neuropilin-2, in paraffin-
embedded samples from 21 vestibular schwannomas associated with neurofibro-
matosis type 2 and from 22 sporadic schwannomas. Ten consecutive patients with 
neurofibromatosis type 2 and progressive vestibular schwannomas who were not 
candidates for standard treatment were treated with bevacizumab, an anti-VEGF 
monoclonal antibody. An imaging response was defined as a decrease of at least 
20% in tumor volume, as compared with baseline. A hearing response was defined 
as a significant increase in the word-recognition score, as compared with baseline.

Results
VEGF was expressed in 100% of vestibular schwannomas and VEGFR-2 in 32% of 
tumor vessels on immunohistochemical analysis. Before treatment, the median an-
nual volumetric growth rate for 10 index tumors was 62%. After bevacizumab treat-
ment in the 10 patients, tumors shrank in 9 patients, and 6 patients had an imaging 
response, which was maintained in 4 patients during 11 to 16 months of follow-up. 
The median best response to treatment was a volumetric reduction of 26%. Three 
patients were not eligible for a hearing response; of the remaining seven patients, 
four had a hearing response, two had stable hearing, and one had progressive hear-
ing loss. There were 21 adverse events of grade 1 or 2.

Conclusions
VEGF blockade with bevacizumab improved hearing in some, but not all, patients 
with neurofibromatosis type 2 and was associated with a reduction in the volume 
of most growing vestibular schwannomas.

The New England Journal of Medicine 
Downloaded from nejm.org at PARTNERS HEALTHCARE on March 28, 2012. For personal use only. No other uses without permission. 
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     NF2 Vestibular Schwannomas: 
   Losartan treatment restores hearing

      Lei Xu, MD, PhD Science Translational Medicine (2021) 
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Losartan increases drug delivery in TB
Tumor TB Granuloma

Drug delivery

Bedaquiline 
(BDQ) Delivery
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ABNORMAL VESSELS MAKE TROUBLE
[THE PROBLEM]

Malformed vasculature inside a tumor 
turns a bad situation worse (DQZGU). 
Flaws in the organization and function-
ing of blood vessels create barriers 
that prevent therapies from reaching 
tumor cells and foster an environment 
where those treatments are less effec-
tive. These un natural internal condi-
tions also contribute to malignant 
properties of the cancer itself.
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Immature 
microvessel

VESSEL FUNCTION
■   Oversize pores in vessel walls leak fl uid into 

interstitial areas (between cells, vessels 
and other structures)

■   High interstitial fl uid pressure blocks 
transport of drugs and oxygen out of 
vessels to tumor tissue

FLUID BUILDUP
■   Tumor tissue 

swells, causing 
painful symptoms

■   Fluid pressure 
drives tumor-
generated proteins 
and cells toward 
healthy tissues and 
into lymphatic 
vessels, increasing 
risk of metastasis

Swelling

VESSEL ORGANIZATION
■   Oversize diameter and chaotic 

layout create irregular blood fl ow
■   Absent or immature vessels make 

some tumor regions impenetrable

TUMOR MICROENVIRONMENT 
■   Dysfunctional vessels produce conditions of low 

oxygen (hypoxia) and high acidity 
■   Radiation and certain chemo ther a pies that require 

oxygen to kill tumor cells are ineffective
■    Immune cells that might attack cancer cells cannot 

function in an acidic environment and without oxygen 
■    Hypoxia causes changes in gene activity that pro-

mote tumor cell migration toward healthy tissues
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Boucher Y 1988-98
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Campbell R 1999-02
Chae S 2004-10

Chang Y 1998-00
Chauhan V 2012-

Chatterjee S 2014-



The JAIN LAB (https://steelelabs.mgh.harvard.edu/rakesh_jain/pi_bio) in the STEELE 
LABORATORIES OF TUMOR BIOLOGY (https://steelelabs.mgh.harvard.edu) at MGH/Harvard 
Medical School invites applications for Postdoctoral Research Fellow positions.


Requirements: A PhD or MD/PhD is required. To apply, please send your CV, a career 
statement, a summary of your most significant research accomplishments (300 words) and the 
contact information of three references to: Steele Labs Recruiting jobs@steele.mgh.harvard.edu.
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microenvironment, vascular biology, matrix biology, immunology, molecular/cellular biology, 
metabolism, intravital microscopy and biomedical engineering. Ideal candidates should have 
a strong academic background, peer-reviewed publications, strong English language 
proficiency and writing skills. Candidates with a strong background in single-cell-
sequencing, bioinformatics, Python, and R statistical computing are also encouraged to 
apply. 

The Steele Labs have a diverse faculty and offer a lively and supportive environment in 
which to perform cutting-edge interdisciplinary research. Our research goals are (i) to 
understand how the abnormal tumor microenvironment confers resistance to various cancer 
treatments (e.g., molecular therapeutics, nanotherapeutics, radiation and immunotherapy), (ii) 
to develop and test new strategies to overcome this resistance, and (iii) to translate these 
strategies from bench to bedside through multi-disciplinary clinical trials. This tight integration 
between bench and bedside and application of engineering/physical science principles to 
oncology is a hallmark of our research. 

Responsibilities: We seek creative thinkers who take risks in defining and addressing 
important problems, and who use quantitative molecular, genetic, cellular, and 
computational approaches in their work. Research fellows are encouraged to apply for post-
doctoral fellowships and to write their own transition grants to launch their independent 
research careers following their training period. Salary will be commensurate with 
qualifications and experience with additional funding for conferences and training seminars. 

Requirements: A PhD or MD/PhD is required. To apply, please send your CV, a career 
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the contact information of three references to: Steele Labs Recruiting 
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