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Abstract Tumor stroma is constituted by blood vessels, fi-
broblasts, leukocytes, and intercellular fibers. As opposed to
the stroma of normal tissue, tumor stroma has an aberrant
physiology. The tumor cells can secrete growth factors that
can reprogram the stroma so that it exerts several tumor
progression roles and supports a positive feedback loop
that preserve a microenvironment favorable for the tumor
and hostile for the patient’s interests (limiting the delivery
of chemotherapy, blocking immune response, and keeping
hypoxic conditions). In this review, we discuss the recent
advances in understanding this tumor-stromal cross-talk
and how the signaling systems implicated on it can be
useful for targeted therapeutics. We will discuss the avail-
able results from trials completed with targeted agents
with antistromal effects and also retrospective studies con-
ducted with patient cohorts taking other non-cancer drugs
to which recently several antistromal properties have been
described, such as antihypertensives. Finally, we will show
our preclinical results regarding hypoxia tracking with
18F-fluoromisonidazole, a PET tracer, as a potential tool
to specifically monitor the positive or negative effects of
antistromal agents.
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Introduction

Breast cancer is the most frequent malignant disease in wom-
en in the Western world, and its incidence has been steadily
increasing for the last 30 years. As the incidence is related to
industrial development (because of exposure to chemicals
with estrogen-like activity), the worldwide incidence can only
be expected to increase as well.

International consortia efforts utilizing several high-
throughput platforms (next-generation sequencing, gene-
expression profiling, proteomic chips, and comparative-
genomic hybridization among others) are clustering the dis-
ease in an increasing number of subtypes [1–4]. Each subtype
may be driven by one or more unique genetic alterations
[1–4]. This situation complicates the panorama of precision
medicine. However, several common hallmarks remain stable
across different tumor subtypes, namely cancer metabolism
and abnormal tumor stroma [5–7, 8•]. In addition, these two
alterations (abnormal metabolism and abnormal stroma) show
a unique physiology that does not occur anywhere else in the
organism—in other words, these unique features of cancer
could be cancer weaknesses as they would offer therapeutic
index. In the case of tumor stroma, the therapeutic potential is
even more appealing, as it is not as variant from one tumor to
one another as the genetic landscape is [5–7, 8•]. Rather, tu-
mor stroma is constituted by “healthy” tissue reprogrammed
by the tumor but genetically stable and thus with limited ca-
pacity of change, and subsequently, limited possibilities of
acquired resistance to therapies [9].

Tumor Stroma: Homeostatic Stroma

The stroma acts as the supporting tissue of an organ, grants
a structural framework, and contributes to its consistency,
strength, and elasticity. It is formed by both cellular and
non-cellular components. A key component of the stroma is
fibroblasts, which play amajor role in stromal homeostasis. They
are responsible of wound healing and secreting extracellular
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matrix, thus keeping stromal integrity. This extracellular
matrix (ECM) is a three-dimensional network of proteo-
glycans (heparan sulfate, chondroitin sulfate, keratan
sulfate,…), other saccharides, like hyaluronic acid, and
protein fibers (collagens, elastin, fibronectin…) that sup-
port cell adhesion and migration, contribute to cell-cell
communication, and provide the tissue with structure
and elasticity. ECM proteoglycans also act as an extra-
cellular storage of growth factors that are exposed or
release when the ECM is damaged. Thin specialized
layers of ECM form the basement membrane, which
separates the epithelial and stromal compartments and sup-
ports epithelial cells anchorage, adhesion, and growth. In ad-
dition, blood capillaries provide oxygen and nutrients; in a
non-tumor stroma, endothelial cells have an uninterrupted
basement membrane, normal intercellular gaps, and perme-
ability and are wrapped by pericytes, which are critical for
endothelial differentiation, survival, and angiogenesis.

Another key component of cellular stroma is resident
leucocytes, such as macrophages and granulocytes. They have
an important role in clearing debris and are critical in response
to infection and inflammation resolution.

Abnormal Stroma: Rationale for Stromal Targeting

Normal components of the stroma can be “re-educated” to
serve as tumor progression factors [9].

Abnormal Blood Vessels

Probably the stromal compartment more implicated in tumor
progression is the tumor vascular bed. Tumor blood vessels
are tortuous, saccular, and chaotic in their organization [8•,
10•]. Tumor blood vessels can harbor large fenestrations to
allow cell clumps to enter the bloodstream and favor metasta-
sis; inefficient blood flow (secondary to spatially and tempo-
rally heterogeneous blood perfusion) can perpetuate tumor
hypoxia, which is a factor of chemoresistance [8•, 10•]. The
heterogeneous blood flow is caused by solid stress forces,
generated by tumor growth, and by leakiness (which in certain
areas can hemoconcentrate the blood and lead to stasis). In any
case, it limits the access of chemotherapeutic drugs and im-
mune cells to random tumor regions [8•, 10•].

An adequate vascular network requires a tight equilibrium
between pro- and antiangiogenic factors [8•]. The balance
between pro- and antiangiogenic factors can be altered by an
excess or deficiency on either of them. In any of the four
scenarios, the vascular network would likely be abnormal
[8•]. The number of endogenous pro- and anti- angiogenic
systems is enormous: vasculo-endothelial growth factors
(VEGF) A/B/C/D, platelet-derived growth factors (PDGF)

alpha and beta, angiopoietin (ANG) 1 and 2, placental growth
factor (PIGF), hepatocyte growth factor (HGF), fibroblastic
growth factors (FGF) 1 to 23, and their receptors
(VEGFR1–4, PDGFRA/B, TIE, FLT1, MET, and FGFR1-3)
are among the pro-angiogenic. The pro-angiogenic factors can
homo- and hetero-dimerize; the affinity for each receptor and
downstream signal varies depending on the dimers and the
relative abundance of other factors. Different receptors can
be present in different cell types (endothelial cells, pericytes,
fibroblasts), what gives an idea of the complexity of the sys-
tem. Antiangiogenic endogenous molecules are neuropilin 1,
soluble VEGFR1, thrombospondin 1 and 2, angiostatin,
endostatin, calreticulin, platelet factor-4, and vasostatin. In
addition, other molecules implicated in other physiological
process may have indirect pro- (nitric oxide, inflammation
mediators, members of the coagulation cascade) or
antiangiogenic (interferon alpha and beta, prothrombin, pro-
lactin, SPARC, osteopontin) properties. Thus, the frailty of the
equilibrium to maintain an adequate vascular network can
only be underestimated. Theoretically, the rationale of using
antiangiogenic agents is that adding antiangiogenic exoge-
nous factors would restore a balance prone to endogenous
pro-angiogenic equilibrium, inherently abnormal; once this
balance is exposed to antiangiogenics, blood vessels could
function normally again [8•]. This re-acquired “normality”
would represent a disadvantage for tumor progression. Back
in 2006, it was proposed that antiangiogenic drugs could
exert their effect by facilitating the arrival of chemotherapeu-
tic drugs to the tumor bed, eliciting chemosensitivity as well
through improved oxygenation [8•]. The clinical experience
shows that a fraction of patients experiences benefit from
this theoretical “normalization” effect, whereas others do
not. A recent study in lung cancer patients with
radioactive-labeled docetaxel showed that a number of pa-
tients actually experienced a decrease in the amount of do-
cetaxel that arrived to the tumor after a single dose of
bevacizumab [11•]. Although the hypothesis of vascular nor-
malization is appealing, and it is proven in certain animal
models, the fact is that given the complexity of the angio-
genesis factors balance, the chance of a drug to restore the
balance to “normal” is almost random. Taken into account
the fact that there are dozens of pro- and antiangiogenic
endogenous factors and receptors, it is likely that two breast
cancer patients would have a different “starting-point” equi-
librium. There are as well almost 20 different antiangiogenic
drugs at various stages of development. Each of them targets
different angiogenic systems and with different Kms. Thus,
given the fact that the angiogenesis equilibrium for each
given patient is unknown prior to the start of therapy, the
scenario of restoring the balance to normal when exposing
that equilibrium to an antiangiogenic agent in the general
cancer patient population is quite optimistic, no matter
how appealing is the theory of vascular normalization. As
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predicting the effects of an antiangiogenic drug in the angio-
genic equilibrium seems challenging, below, we propose a
system to trace vascular normalization with a noninvasive
system.

Abnormal Lymphatic Vessels

Endothelial cells, and subsequently the vascular compartment,
are not the only cells in the tumor stroma functioning abnor-
mally. Lymph vessels show abnormal function in the tumor as
well [12]. Although lymph vessels in the tumor margin are
competent, and actually hyperplastic, functional lymph ves-
sels are absent inside tumors [13, 14]. Experimental evidence
shows that lymph vessels open up following the depletion of
cancer cells, fibroblast, and collagen, suggesting that com-
pression forces play a role in the abnormal function [15]. In
addition, the lack of proficient lymph vessel contractions and
incomplete lymph vessel valve leaflet closure has been ob-
served [15]. However, the molecular basis for these defects
are unknown; nitric oxide gradient alterations have been im-
plicated, but so far, there are no drugs available with which we
can finely tune nitric oxide production temporally and spatial-
ly [10•]. The lack of molecular understanding of the causes of
lymph vessels abnormality challenges potential targeted ther-
apeutic approaches, currently focused in blocking lymphatic
metastatic spread, which is one of the main pathways of breast
cancer systemic dissemination.

Abnormal Intercellular Matrix

The intercellular matrix, mainly constituted by collagen, plays
an important pathogenic role in breast cancer. The mechanism
is double: in one hand, the tumor cells secrete FGF, VEGF,
PDGF, EGFR ligands, interleukins, colony-stimulating fac-
tors, transforming growth factors, and others. These growth
factors disrupt normal tissue homeostasis, similar to the
process of wound healing, stimulating stromal reaction, an-
giogenesis, and inflammatory responses [9]. These factors
activate stromal cell types such as fibroblasts, smooth mus-
cle cells, and adipocytes, which secrete collagen, additional
factors, and proteases. The proteolysis of extracellular struc-
tural molecules exposes cryptic protein domains and gener-
ates new molecule fragments that have pro-migratory, pro-
invasive, and pro-angiogenic functions; finally, they can
also activate tumor cell surface receptors [9]. On the other
hand, dense intercellular matrix can slowdown the penetra-
tion and diffusion of large molecules [16, 17]; fibrillar col-
lagen is able to restrict the movement of particles larger
than 50 nm [16, 17]. This is of key importance for novel
chemotherapeutic agents of high efficacy, such as liposomal
doxorubicin or nab-bound paclitaxel. This diffusion restric-
tion is higher as the desmoplastic reaction of the tumor
increases [10•]. For the first cascade of events triggered

by the abnormal stroma, there is a plethora of signal-
transduction inhibitors available non-specifically designed
for this purpose but for oncogenic signaling. Thus, their
effects as antistromal therapies have not been properly ad-
dressed. However, the second issue, related with “excessive
stroma,” opens specific therapeutic opportunities. Collagen
is a structural molecule, and thus, systemic collagenase
cannot be administered in humans; however, preclinical ex-
perimental evidence supports the increased volume of dis-
tribution after collagenase injection together with liposomal
doxorubicin or nab-bound paclitaxel [10•]. Relaxin, an
antifibrotic agent, is able to increase the penetration of large
molecules [18, 19]. Finally, drugs largely prescribed for
hypertension, such as angiotensin receptor blockers or
angiotensin-converting enzyme inhibitors, are able to reduce
collagen production by blocking the activation of transforming
growth factor beta [20].

Abnormal Fibroblasts and Immune Infiltrate

Inflammatory cytokines also play a role in reprogramming the
stroma [9]. Tumor cells are known to secrete IL-1β, which
activates NF-κB in fibroblasts [21]. This pathway triggers a
gene-expression program that turns fibroblast into what has
been termed “CAFs,” or cancer-associated fibroblasts. CAFs
secrete pro-inflammatory cytokines, which drive primarily
M2 macrophages into the tumor, that elicit tumor growth
and vascularization [21]. Transforming growth factor beta,
on top of its effects in collagen production, can reprogram
intratumor neutrophils [22]. Naive tumor-associated neutro-
phils (“N1”) are highly cytotoxic to tumor cells; however, this
cytokine reprograms them into N2 neutrophils, which exhibit
a protumor phenotype [22]. The former are therapeutic targets,
at least in theory; however, the most important immunosup-
pressive axes that elicit tumor immune surveillance escape are
two: PD-1/PD-L1 and CTL-4 [23]. Programmed death-ligand
(PD-L1) is a transmembrane protein that regulates immune
response during pregnancy and several conditions such as
hepatitis or autoimmune diseases [23, 24]. It activates a recep-
tor (PD-1) in the T8 cells surface that transmits an inhibitory
signal which reduces their proliferation. PD-L1 has been ob-
served aberrantly overexpressed in many epithelial tumor
types, and it contributes to immune escape [23, 24]. Cytotoxic
T lymphocyte-associated antigen 4 (CTLA-4) is an immune
checkpoint that downregulates pathways of normal T4 cells
activation [23, 24]. Molecules aberrantly produced inside the
tumor, such as kynurenine, from aberrant tryptophan metabo-
lism, can enhance the activity of this negative feedback loop
[25, 26]. Targeting these two aberrantly functioning regulators
of the immune infiltrate of the tumor stroma can yield positive
responses; however, most of the results available regard other
malignancies such as lung cancer or melanoma.
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Drugs Targeting the Abnormally Functioning Stromal
Compartment: Current Results in Breast Cancer

Targeting the Abnormal Blood Vessels—Old Antiangiogenics

Most available agents against the stroma in breast cancer
target the vascular compartment. Hundreds of articles
reviewing the concept of antiangiogenics and summarizing
the results of clinical trials have been published, and there
is little to add at this moment if it is not a proposal to
move forward in improving therapeutic index, developing
biomarkers, or predictive factors. As a summary, most of
the results concern the paradigm agent, bevacizumab, a
monoclonal antibody targeting VEGF; several trials have
been conducted with multikinase inhibitors targeting other
systems involved in aberrant signaling loops of the stroma
(sunitinib or sorafenib, which blocks several members of the
VEGFR and PDGFR families). The trials can be divided in
two: clinical trials in the metastatic setting and in the neoad-
juvant setting. The results in the metastatic setting with the
single-system targeting agent, bevacizumab, showed im-
proved response rate and progression-free survival in combi-
nation with different chemotherapeutic agents and across dif-
ferent treatment lines (suggesting that the hypothesis of vas-
cular normalization is, at least in some cases, true); however,
these improvements were not translated into better overall
survival [27–29]. Several design and statistical issues possibly
account for the impossibility to demonstrate such increase in
the long term and have been reviewed elsewhere [30]. Regard-
ing the multikinase inhibitors, the results have been more
modest. The combination with chemotherapy has been proved
to be too toxic for sunitinib and sorafenib; in these cases, not
even an improvement in initial disease control was observed
[31, 32]. Probably the decrease in chemotherapy dose density/
intensity secondary to cumulative toxicity partially accounted
for these results. In the neoadjuvant setting, there is consis-
tent evidence available across several randomized trials
showing how the addition of bevacizumab to standard
chemotherapy-based regimens improves the standard param-
eter of efficacy, pathologic complete response [33, 34].
There are insufficient data to draw conclusions regarding
small multikinase inhibitors.

Targeting The Abnormal Blood Vessels—Novel
Antiangiogenics

A second generation of multikinase inhibitors with
antistromal properties is under development. Agents such as
pazopanib, dovitinib, or nintedanib have activity against other
kinases regulating aberrantly functioning tumor stroma, such
as the FGFR family or CSF-1R. In addition, they are, at least
in theory, less toxic due to their lower Km against pro-
angiogenic kinases. However, the available trials have not

been strictly conducted to address their theoretical antistromal
effect but to take advantage of their therapeutic potential
inhibiting kinases driving oncogenic addiction in the tumor
epithelial compartment such as FGFR or KIT. Other preclin-
ical studies have highlighted the pleiotropic potential of these
drugs; for example, it has been reported its role as a tool to
prevent brain metastasis through its RAF inhibitory properties
[35]. Overall, the results of the trials involving these new
agents in breast cancer have been disappointing [36–39].
Below, we propose an approach to assess the specific
effects over the stroma in a phase 0 trial with nintedanib,
based on our preclinical results; based on the pharmaco-
dynamic readouts, it would be possible to select those
patients where the stromal-normalization effects are actually
occurring and increase the likelihood of benefit from antistromal
therapies + chemotherapy combos.

Targeting the Abnormal Intercellular Matrix

Not all the abnormal stromal compartments are currently tar-
getable, as mentioned above regarding abnormal lymph ves-
sels. Fortunately, abnormal extracellular matrix can be
targeted, at least theoretically. There is strong experimental
evidence linking the use of angiotensin receptor blockers
(ARBs) and angiotensin-converting enzyme inhibitors
(ACEi) and extracellular matrix relaxation and density de-
crease [40, 41]. These features are followed by decreased solid
stress forces, increased vascular perfusion, hypoxia normali-
zation, and increased drug diffusion [40, 41]. In the clinical
setting, there are no randomized clinical trials available for-
mally testing the benefit of adding ARBs/ACEi to standard
chemotherapy. However, several retrospective studies are
available. In all of them, long cohorts of patients are reviewed,
and the breast cancer outcomes of patients taking ARBs/ACEi
are compared with those under no hypertension treatment.
These retrospective trials, necessary for generating clinical
hypothesis and for justifying a prospective clinical trials, are
in this case inherently biased: in all cases, the patients taking
hypertension medication are older and have higher incidence
of diabetes, body mass index, heart conditions, and obviously
hypertension than the remainder. It is not surprising that such
subgroups with older age and general worse health conditions
show, overall, higher mortality than the patients not taking
ARBs/ACEi. The relative risk of death (all causes) for the
breast cancer patients taking ARBs/ACEi compared to the
untreated patients ranges from 1.22 [42] to 1.94 [43]. Some
studies report on shorter outcomes probably less influenced by
the confounding effects of such long-term survival-affecting
conditions. It is reasonable that if we want to estimate the
“interstitium-normalizing” effects of ARBs/ACEi, we should
focus on outcomes such as response rate or progression-free
survival, more directly related to response to chemotherapy
and, probably, to the amount of chemotherapy that is finally

74 Curr Breast Cancer Rep (2015) 7:71–79



delivered to the tumor, a parameter that could be influenced by
ARBs/ACEi. Two studies reported a higher risk of recurrence
for ARBs/ACEi intakers [42, 43], although recurrence is a
composite endpoint that is influenced as well by surgery, ra-
diation therapy, and time; yet, a third study reported an almost
70 % decrease in recurrence [44]. One of these studies reports
the parameter probably most directly influenced by chemo-
therapy delivered among all the reported outcome pathologic
complete response: in the study by Chae and Chavez-
Macgregor, no differences in pathologic complete response
were observed between the 160 patients taking ARBs/ACEi
and the almost 1300 controls [44]. However, as mentioned,
retrospective case-control studies are inherently biased. Given
the preclinical evidence, we believe that only a prospective
randomized trial, where in addition to response rate or patho-
logical complete response is compared serial biopsies are
gathered to study the benefits stratifying by whether the
stromal-normalization effects have occurred or not in the pa-
tients allocated to the experimental group, could definitively
address the question. The main problem is that at the moment,
not even the “ratio” of tumors where the delivery of chemo-
therapy is impaired versus those in where chemotherapy ex-
periences adequate diffusion is known. In fact, there is not a
parameter available to measure such a thing in the clinics. But,
at least, serial biopsies to determine some sort of collagen
density decrease would shed some lights in which percentage
of patients ARBs/ACEi are actually exerting a meaningful
pharmacodynamic effect—only in this patient subgroup, the
increased chemotherapy efficacy should be sought.

Nab-bound paclitaxel is increasingly raising interest as a
stroma-targeting strategy. It is a formulation of paclitaxel
where the drug is bound to nano-albumin particles. Most of
the studies have been performed in pancreas cancer models,
characterized by a stiff and dense stroma. The proposedmech-
anism of action is as follows: SPARC is a protein that is
overexpressed in the stroma; this protein is implicated in stro-
ma formation and trafficking [45]. SPARC binds albumin, and
thus, the delivery of nab-bound paclitaxel might be facilitated.
Preclinical studies with patient-derived pancreas xenografts
showed how treatment with nab-bound paclitaxel collapsed
the tumor stroma; when gemcitabine was co-administered,
the intratumor concentrations were threefold higher than when
gemcitabine was administered alone [46]. Finally, a clinical
trial in pancreas cancer in the neoadjuvant setting, specifically
designed to address the pharmacodynamic effects of nab-
bound paclitaxel in the pancreas cancer stroma, demonstrated
that this treatment led to a significant decrease in cancer-
associated fibroblast and collagen fibers, compared with tu-
mors treated with other chemotherapy agents [47]. Well-
designed studies like this one, specifically assessing the phar-
macodynamic endpoint over the stroma, are lacking in the
literature and are extremely necessary to move on successfully
in the development of antistromal drugs.

A randomized trial published in 2009 compared nab-
paclitaxel with docetaxel, another first-choice drug for breast
cancer in first-line metastatic disease. The results favored nab-
paclitaxel for more than 5 months, what raised significant
enthusiasm. However, this trial was followed by mostly phase
II trials without comparator arms [48–52]; moreover, correla-
tive studies assessing potential effects in the stroma were nev-
er included, what complicates the interpretation. Particularly,
studies measuring the concentration of companion chemother-
apy agents are missed. Unfortunately, the results from the first
randomized trial have not been reproduced by independent
groups; the recent long-term update results with overall sur-
vival data reported similar outcomes for docetaxel and nab-
paclitaxel [53]. Thus, despite almost 15 trials performed with
nab-paclitaxel in breast cancer, a poor biomarker-guided de-
velopment leaves the agent with no clear niche and many
questions unanswered.

Targeting the Aberrant Immune Infiltrate

Finally, there are compounds available that target aberrant
tryptophan metabolism that leads to the production of
kynurenine, related to the reprogramming of the stromal im-
mune infiltrate, such as D- or L-methyl-tryptophan. However,
they are orphan compounds, and only independent research
by cooperative groups or academic institutions will likely con-
duct trials with such compounds. More likely is the research
with the PD-L1 and PD-1 inhibitors, although so far, most of
the work is directed to malignancies where strong overexpres-
sion of such molecules have been observed, such as melano-
ma and lung cancer. Nivolumab, a monoclonal antibody
against PD-1, that has shown activity in melanoma [54], is
not currently under clinical testing in breast cancer. Such is
the case for another drug from the same company targeting
PD-L1, BMS-936559. Pembrolizumab, another monoclonal
antibody against PD-L1, is under development in kidney can-
cer, lung cancer, melanoma, and hematologic malignancies.
The other PD-L1 blocker, MPDL3280A, is currently focused
as well in lung cancer and melanoma development. However,
the development of these compounds is still on its infancy, and
it is probably a matter of time that breast cancer raises atten-
tion as well, as PD-L1 increased expression has already been
reported in a subset of breast cancers [55].

Tracking Stromal Normalization with Noninvasive
Imaging

The concept of targeted therapies is based on the fact that the
antitumor effect is elicited by the action of the drug on a
specific target. Although there are tumor-related factors deter-
mining drug sensitivity or resistance, the response to a given
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drug is heterogeneous across patients of a large cohort. It is
reasonable to think that due to different reasons (drug absorp-
tion, metabolism, polymorphisms, or genetic variation in the
targets among others), the effects on the targets are not going
to be exactly the same in all patients and that the positive
effects of drug exposure should be aggregated in those pa-
tients where the target has been actioned. Moreover, in pa-
tients where there is no proof of pharmacodynamic effect,
no drug positive effect should be expected. However, and
despite these assumptions, pharmacodynamic testing is rarely
incorporated in the clinics.

As discussed, the structure and function of tumor stroma
are determined by many signaling pathways; in addition,
antistromal drugs are often pleiotropic (i.e., they block several
signaling pathways). It would be difficult to set up a test mea-
suring the effects over different signaling systems simulta-
neous, but, if the role of targeting the stroma wants to be
established, certain metrics need to be adopted. No matter
which is the mechanism of action of the agent under test, the
reported endpoint of the clinical trial studying it is usually
either of the following: tumor shrinkage, progression-free sur-
vival, or overall survival. Of course, such parameters are the
final goal of any cancer therapy, but the benefits of a given
agent may be overlooked if no attention is paid to a parameter
measuring its true activity. For the case of antistromal agents,
prior to study the tumor shrinkage or progression-free survival
advantage with regard to standard therapies, we have to deter-
mine in which patients the expected effects in the stroma are

occurring, and then conduct the study only in those patients:
clearing-out of PD-L1-expressing cells in case of a PD-L1
antibody, collagen density decrease in case of ARBs/AECi,
or other ad hoc parameters to other drug candidates under
evaluation.

We have conducted a preclinical study to monitor the phar-
macodynamic activity of multikinase inhibitor antistromal
agents. Accepting the hypothesis of vascular/stromal normali-
zation, we assumed that each tumor would have a unique bal-
ance between growth factors with pleiotropic downstream prop-
erties, both in the tumor blood vessels, in the CAFs, and in the
collagen. The exposure to a multikinase inhibitor could turn this
equilibrium closer to the normal status or worsen it. A case with
abnormal vessels and dense stroma would, theoretically, be
hypoxic; conversely, a case with a baseline equilibrium close
to normal could be normoxic. In a similar line, the exposure to a
multikinase inhibitor could turn the first case normoxic but be
detrimental for the second case. In the first case, the arrival of
chemotherapy would be facilitated, whereas in the other, it
would be impeded by the addition of the antiangiogenic.

18F-fluoromisonidazole is a PET tracer that binds to hyp-
oxic areas. We have demonstrated in a preclinical model how
the hypoxia status can be traced dynamically. We exposed a
breast cancer model to two different antiangiogenics, a mono-
clonal antibody with activity against VEGF and a multikinase
inhibitor with activity against VEGFR1-4, PDGFRA/B, and
FGFR1-3. The baseline hypoxia worsened in the first case, but
improved in the first case, suggesting how the same initial

Fig. 1 Stromal normalization: stromal components of the stroma during
homeostasis, tumor progression, and stromal normalization after
angiogenesis block. a Normal epithelium supported by a continuous
basement membrane. A network of proteoglycans, saccharides, and
proteins form the extracellular matrix (ECM), which supports other
cellular components such as fibroblasts, blood capillaries, and resident
granulocytes and macrophages. b As tumor progresses, epithelial cells
break through the basement membrane. Stroma acquires an activated
phenotype; fibroblasts become activated and differentiate into

myofibroblasts; together with an increased inflammatory infiltrate, this
results in growth factor and protease secretion, increased angiogenesis,
and ECM degradation. Due to maintained angiogenesis signals, capillary
number increases; however, these blood vessels are leaky, they have an
incomplete basement membrane, and they lose their pericyte wrapping. c
Angiogenesis block reverses stromal activation. This allows ECM
components to grow again, and a basement membrane is re-established.
Also, blood vessels recover their basement membrane and their pericytic
coverage
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balance can be pushed toward opposite directions depending
on the drug used. In the first case, the combination with che-
motherapy was not effective whereas in the second was syn-
ergistic. The results are shown in Figs. 1 and 2.

Currently, we are implementing this stroma-normalizing
test in a clinical trial with nintedanib in breast cancer
(NCT01484080). Should this monitoring test work in the clin-
ical setting as well, we would have available a biomarker to
monitor stromal normalization in exposure to drugs targeting
the vascular compartment and study the efficacy in patient
subgroups experiencing the expected positive stromal effect
exclusively, which would be an important advance in the field
of treatment personalization.

Conclusions

Tumor cells become highly proficient in turning the stroma
favorable for tumor progression along their natural history.
The changes in the stroma consist in an aberrant tumor

vascularization that increases tumor hypoxia, a factor or
chemoresistance and tumor progression, and impedes the ar-
rival of conventional chemotherapeutic agents, an immune
reprogramming toward an immunosuppressive phenotype,
an increased density of the intercellular matrix that blocks
the diffusion of chemotherapy, and a cross-talk with cancer-
associated fibroblasts consisting in positive feedback loops
related with inflammation, immunosuppression, angiogenesis,
and secretion of mediators that help in degrading and invading
surrounding tissues. The most explored therapeutic approach
against the stroma has been targeting abnormal blood vessels.
In this field, the clinical trials without the incorporation of
biomarkers seem to have reached a plateau in efficacy. Track-
ing the positive effects in the stroma with noninvasive tests
such as 18F-fluoromisonidazole PET may help to make per-
sonalized decisions in this field. Should the PD-L1-positive
tumors represent a significant fraction of breast cancers, this is
possibly the field of stromal targeting with a brighter future in
this disease, according to the results observed with anti-PD1/
PD-L1 agents in other malignancies.

Fig. 2 Tracking hypoxia as a pharmacodynamic marker of antistromal
therapies. The murine model of breast cancer MMTV-PyMT was used for
this experiment. A 18F-fluoromisonidazole PET was performed before
(upper-left inset) and after 1 week of treatment with a monoclonal
antibody against VEGF (right inset) or a multikinase inhibitor targeting
several signaling systems of the abnormal stroma (lower inset).
Representative images from the two different treatment groups are shown.
It can be appreciated how the same “baseline equilibrium” between pro- and

antiangiogenic factors can be pushed toward a more abnormal (hypoxic) or
normoxic microenvironment. In the first case, the combination of
chemotherapy (paclitaxel) plus the monoclonal antibody (“Combo”) was
not better than vehicle (“vh”) or the monoclonal antibody (“Moab”) alone.
In the second, the combination therapy was synergistic, suggesting that the
misonidazole PET ismirroring the improvement in the vascular network and
thus can be used to restrict the use of antistromal therapies exclusively to the
patients where the positive effects in the stroma are occurring
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