our evolving understanding of the mechanisms by which these
symptoms develop, including inflammation (8,9), autoimmune
phenomena (10), hormonal influences (11), and neurotoxic effects
of specific agents (12,13). However, although research into mecha-
nisms of cognitive dysfunction related to cancer therapy is clearly
important and needed, a full understanding of the biology of can-
cer-related symptoms is not necessary for effective interventions to
be employed.

First, identification and treatment of underlying medical
and psychological conditions, including endocrine dysfunction,
anemia, sleep disturbance, diabetes, and depression, is necessary but
sometimes overlooked in the battle against cancer. Second, there are
a number of behavioral strategies that are often helpful, including
relaxation training to focus attention and reduce stress, exercise,
cognitive rehabilitation, and compensatory strategies such as using
personal electronic mobile devices or daily planners. Lifestyle
changes, including alterations of the work environment, reasonable
accommodations in the scholastic environment, and vocational
retraining are often very effective. However, mental exercises that
are designed and marketed to improve cognitive function, which
perhaps provide mental stimulation in general and likely result
in improved performance on the specific task, have not been
definitively proven to generalize to other aspects of the person’s
ability to function. Third, pharmacologic treatments, particularly
psychostimulants, have been shown to be useful for people with
attentional problems and fatigue, if not medically contraindicated.
Research into other pharmacologic strategies, including agents
that attenuate inflammation or reduce oxidative stress, is ongoing.
However, it is important that such agents do not undermine the
primary antineoplastic therapy and “feed” the tumor.

A large number of cancer survivors suffer from neurocognitive,
emotional, and behavioral symptoms that interfere with their aca-
demic, vocational, and social pursuits. These impairments, as dem-
onstrated in the Ganz et al. study (1), commonly involve problems
with memory, multitasking, speed of cognitive processing, and the
need to use more mental effort to perform routine tasks (all of which
also contribute to fatigue and depression). However, many cancer
survivors can enjoy improved levels of functioning if properly diag-
nosed and provided with the right support. Symptom assessment
coupled with effective and proactive intervention strategies are a
critical component throughout and after cancer treatment.

DOI:10.1093/jnci/djt114
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Angiogenesis (the term referring generically to new blood vessel for-
mation) is a hallmark of all solid tumors (1), and vascular endothelial
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growth factor (VEGF) is the most prevalent and potent angiogenic
growth factor in these tumors (2,3). For this reason, there have been
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intense efforts to develop therapies that target the VEGF pathway.
Currently, there are nine antiangiogenic drugs approved by the US
Food and Drug Administration and one pending approval (Table 1)
(4). These agents are antibodies that target VEGF itself (bevaci-
zumab and aflibercept) or its receptor VEGFR2 (ramucirumab), or
are tyrosine kinase inhibitors that interfere with VEGFR?2 signal-
ing as well as other receptor and cellular kinases. Introduction of
these new drugs over the last decade has established antiangiogenic
therapy as a novel therapeutic modality, but their implementation
has raised several important questions. Why do they work in some
cancers and not others? Is the mechanism of action similar when
targeting the ligand versus the receptors, or when using specific
versus multitargeted drugs? Can any of them completely block the
VEGF pathway? What mediates the inevitable escape from ther-
apy? Can we find biomarkers to identify patients who will benefit
from these agents or pathways that must be targeted when tumors
become refractory to a given antiangiogenic agent?

Most cancer cell-targeted drugs target identifiable oncogenic
pathways known to drive tumorigenesis and have corresponding
biomarkers related to those pathways that help guide treatment.
However, the theoretical advantage of antiangiogenic therapy
over these cancer cell-targeted treatments is that it can be applied

more broadly, irrespective of the genetic makeup of each cancer.
Unfortunately, unlike in the development of anticancer targeted
agents—where target is often an identifiable oncogenic signal
known to drive tumorigenesis—the clinical development of antian-
giogenic agents has not been biomarker-based. This, coupled with
the fact that the exact mechanism(s) of benefit of anti-VEGF drugs
remain unclear, has resulted in a complete lack of biomarker-based
selection of patients for antiangiogenic therapy with anti-VEGF
drugs (5,6). Clearly, the approach of indiscriminately using antian-
giogenic drugs in all patients with an approved indication limits
their overall efficacy, as some patients show inherent resistance.
This raises important concerns for the use of antiangiogenic
therapy and makes the identification of mechanistic biomarkers
of response a priority. Such a biomarker would allow selection of
patients who would experience survival benefits in excess of the
2-5 months seen in the overall population with antiangiogenic
therapies. This would likely equal or even surpass the benefits of
cancer cell-targeted drugs, which are given in selected populations
(eg, patients with ¢KIT, EGFR, or BRAF mutations or HER2
amplification) (4). Moreover, it would rekindle the interest for
developing antiangiogenic therapies for diseases in which current
antiangiogenic drugs have failed in unselected populations (eg,

Table 1. Overview of successful phase Il trials of antiangiogenic agents*

Improvement Improvement Improvement
in RR in PFS in 0OS
Drug Indication (%) (months) (months)
Bevacizumab Metastatic colorectal cancer (with 10 4.4 4.7
chemotherapy) 0 1.4 1.4
78 2.8 2.5
14.1 2.6 2.1
Metastatic nonsquamous NSCLC (with 20 1.7 2.0
chemotherapy) 10.3-14.0 0.4-0.6 NS
Metastatic breast cancer (with 15.7 5.9 NS
chemotherapy) 9-18 0.8-1.9 NS
11.8-13.4 1.2-2.9 NS
9.9 2.1 NS
Recurrent GBM (monotherapy) Currently only phase Il data reported
Metastatic RCC (with IFN-a) 18 4.8 NS
12.4 3.3 NS
Sunitinib Metastatic RCC 35 6.0 4.6
GIST 6.8 4.5 NS
PNET 9.3 4.8 ?
Sorafenib Metastatic RCC 8 2.7 NS
Unresectable HCC 1 NS 2.8
Unresectable HCC 2 1.4 2.3
Pazopanib Metastatic RCC 27 5.0 N/A
Advanced soft tissue sarcoma 6.0 3.0 NS
Vandetanib Advanced medullary thyroid cancer 43 6.2 N/A
Axitinib Advanced RCC 10 2.0 N/A
Regorafenib Chemo-refractory metastatic colorectal 0.6 0.2 1.4
cancer
Aflibercept Chemo-refractory metastatic colorectal 8.7 2.2 1.4
cancer
Cabozantinib Advanced medullary thyroid cancer 25 72 NS
Ramucirumab Metastatic gastric and gastroesophageal 0.8 0.8 1.4

junction cancerst

* GBM = glioblastoma; GIST = gastrointestinal stromal tumor; HCC = hepatocellular carcinoma; IFN-a = interferon alpha; NSCLC = non-small cell lung cancer;
OS = overall survival; PFS = progression-free survival; PNET = pancreatic neuroendocrine tumor; RCC = renal cell carcinoma. Source: Updated from Jain, 2013 (4).

T Not currently FDA approved.
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prostate, pancreatic, brain, or breast cancer). Finally, a predictive
biomarker would allow exclusion of patients who do not benefit
from antiangiogenic therapy and spare them the toxicities and cost
of these drugs.

The importance of these issues has stimulated active research
in these areas, producing hypothesis-generating results that could
potentially impact the treatment outcome. In an article in this issue
of the Journal, Finley and Popel (7) use a computational model
to address this problem. They model VEGF kinetics in the rel-
evant physiologic compartments to investigate the distribution
in the body of two major soluble VEGF isoforms (VEGF,, and
VEGF ;). The model predicts changes in VEGF concentrations in
each compartment after intravenous injection of a VEGEF blocker.
One interesting conclusion is that the concentration of free VEGF
is higher in the tumor interstitium than the circulating plasma and
is predominantly in the form of VEGF,,. The model also predicts
that tumor VEGF levels can either increase or decrease after anti-
VEGF treatment depending on the tumor microenvironment.
Collectively, these intriguing results suggest that the rate of VEGF
secretion by tumor cells is the major determinant of response and
could serve as a predictive biomarker for anti-VEGF drugs.

Limited clinical data lend support to this model. VEGF expres-
sion level has been the natural candidate as a biomarker for anti-
VEGF drugs, but data have been inconsistent (5). Some studies
suggest that circulating VEGF may predict response to anti-VEGF
therapy in hepatocellular carcinoma and breast cancer (8,9). Other
studies, including many randomized phase III trials, found no asso-
ciation between circulating VEGEF and response to the anti-VEGF
antibody bevacizumab (10-12). Some studies have measured the
levels of purely soluble isoforms (eg, VEGF,,, not bound to tumor
matrix), and have found intriguing associations with outcome (13).
Others have not detected any statistically significant association for
VEGEF;, (6,14). Finally, the limited available data on the changes in
tumor VEGEF levels after antiangiogenic therapy suggest a decrease
in VEGF expression by cancer cells (15).

Thus, there is still controversy regarding the value of tumor or
circulating VEGF as predictive biomarkers in the clinic, and math-
ematical models such as presented by Finley and Popel (7) could
be valuable tools to help sort out this complex issue. These mod-
els can be easily adapted to reflect new empirical information to
fine-tune the use of VEGF isoforms as predictive biomarkers. For
example, additional factors such as host cells (eg, tumor-associated
fibroblasts or myeloid cells) that secrete VEGF could be included
(16,17). Also, modeling could be performed at higher resolution to
investigate how spatiotemporal variations in VEGF levels might
be produced by the microenvironment of each compartment or
whether endogenous production of VEGF blockers—such as sol-
uble (s) VEGFRI1 (also known as sFL'T'1)—should be considered
(18-23). Finally, modeling might determine whether resistance
from antiangiogenic therapy is due to the incomplete blockade of
VEGEF signaling by analyzing ligand-targeted versus receptor-tar-
geted agents: receptor-targeted agents do not directly interact with
VEGF ligand, so their biological effects should not be affected by
changes in VEGF secretion of specific isoforms.

A potentially critical factor is the existence of endogenous block-
ers of VEGFs such as sVEGFR1. In 2009, we proposed circulating
plasma sVEGFR1 as a potential biomarker that predicts inherent
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resistance to anti-VEGF therapies in cancer (22). Indeed, we found in
five single-arm phase II studies that cancer patients with high levels
of circulating sVEGFR1 had a poor outcome after anti-VEGF thera-
pies with antibodies as well as tyrosine kinase inhibitors (18-23). In
some of these studies we found that these patients also experienced
fewer side effects, further supporting the notion that high sVEGFR1
levels lower biological activity of anti-VEGF agents irrespective of
their mode of action (18,21,23). Moreover, specific single-nucleotide
polymorphisms in the FLTI gene that are associated with higher
VEGFRI expression are also associated with poor outcomes in phase
IIT studies of bevacizumab (24). It is unclear if the predictions from
the currently available computational models support the use of
sVEGFRI or ratio of sVEGFR1 to VEGF as a biomarker.

In summary, the mathematical model of Finley and Popel (7) is
a step forward in our understanding of the potential roles of differ-
ent VEGF isoforms in the tumor and in blood circulation. It also
raises many exciting questions about potential biomarkers for anti-
VEGEF therapies, and emphasizes once again the need for prospec-
tive clinical studies to specifically address them.

References

1. Carmeliet P, Jain RK. Molecular mechanisms and clinical applications of
angiogenesis. Nature. 2011;473(7347):298-307.

2. Dvorak HF. Vascular permeability factor/vascular endothelial growth fac-
tor: a critical cytokine in tumor angiogenesis and a potential target for
diagnosis and therapy. 7 Clin Oncol. 2002;20(21):4368-4380.

. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and its recep-
tors. Nat Med. 2003;9(6):669-676.

4. Jain RK. Normalizing tumor microenvironment to treat cancer: bench to

bedside to biomarkers. 7 Clin Oncol. doi:10.1200/JC0O.2012.46.3653.

5. Jain RK, Duda DG, Willett CG, et al. Biomarkers of response and
resistance to antiangiogenic therapy. Nat Rev Clin Oncol. 2009;6(6):
327-338.

6. Lambrechts D, Lenz HJ, de Haas S, et al. Markers of response for the

antiangiogenic agent bevacizumab. 7 Clin Oncol. 2013;31(9):1219-1230.

. Finley SD, Popel AS. Effect of tumor microenvironment on tumor VEGF
during anti-VEGF treatment: systems biology predictions. 7 Nat! Cancer
Inst. 2013;105(11):802-811.

. Miles DW, Chan A, Dirix LY, et al. Phase III study of bevacizumab plus
docetaxel compared with placebo plus docetaxel for the first-line treatment
of human epidermal growth factor receptor 2-negative metastatic breast
cancer. 7 Clin Oncol. 2010;28(20):3239-3247.

9. Zhu AX, Sahani DV, Duda DG, et al. Efficacy, safety, and potential bio-
markers of sunitinib monotherapy in advanced hepatocellular carcinoma: a
phase II study. 7 Clin Oncol. 2009;27(18):3027-3035.

10. Dowlati A, Gray R, Johnson DH, et al. Prospective correlative assess-

ment of biomarkers in E4599 randomized phase II/III trial of carbopl-

[o%)

~I

o]

atin and paclitaxel + bevacizumab in advanced non-small cell lung cancer
(NSCLCQ). 7 Clin Oncol. 2006;24S:7027.

11. Jubb AM, Hurwitz HI, Bai W, et al. Impact of vascular endothelial growth
factor-A expression, thrombospondin-2 expression, and microvessel
density on the treatment effect of bevacizumab in metastatic colorectal
cancer. 7 Clin Oncol. 2006;24(2):217-227.

12. Hegde PS, Jubb AM, Chen D, et al. Predictive impact of circulating vas-
cular endothelial growth factor in four phase III trials evaluating bevaci-
zumab. Clin Cancer Res. 2013;19(4):929-937.

13. Van Cutsem E, de Haas S, Kang YK, et al. Bevacizumab in combination
with chemotherapy as first-line therapy in advanced gastric cancer: a bio-
marker evaluation from the AVAGAST randomized phase III trial. 7 Clin
Oncol. 2012;30(17):2119-2127.

14. Jayson GC, de Haas S, Delmar P, et al. Evaluation of plasma VEGFA as a
potential predictive pan-tumour biomarker for bevacizumab. Eur 7 Cancer.
2011;47:596.

Vol. 105, Issue 11 | June 5, 2013



20.

21.

. Xu L, Duda DG, di Tomaso E, et al. Direct evidence that bevacizumab,

an anti-VEGF antibody, up-regulates SDF1lalpha, CXCR4, CXCL6,
and neuropilin 1 in tumors from patients with rectal cancer. Cancer Res.

2009;69(20):7905-7910.

. Fukumura D, Xavier R, Sugiura T, et al. Tumor induction of VEGF pro-

moter activity in stromal cells. Ce/l. 1998;94(6):715-725.

. Stockmann C, Doedens A, Weidemann A, et al. Deletion of vascular

endothelial growth factor in myeloid cells accelerates tumorigenesis.
Nature. 2008;456(7223):814-818.

. Duda DG, Willett CG, Ancukiewicz M, et al. Plasma soluble VEGFR-1

is a potential dual biomarker of response and toxicity for bevacizumab
with chemoradiation in locally advanced rectal cancer. Oncologist.

2010;15(6):577-583.

. Meyerhardt JA, Ancukiewicz M, Abrams TA, et al. Phase I study of cetuxi-

mab, irinotecan, and vandetanib (ZD6474) as therapy for patients with
previously treated metastastic colorectal cancer. PLoS One. 2012;7(6):
e38231.

Raut CP, Boucher Y, Duda DG, et al. Effects of sorafenib on intra-tumoral
interstitial fluid pressure and circulating biomarkers in patients with
refractory sarcomas (NCI protocol 6948). PLoS One. 2012;7(2):e26331.
Tolaney SM, Duda DG, Boucher Y, et al. A phase II study of preoperative
(preop) bevacizumab (bev) followed by dose-dense (dd) doxorubicin (A)/
cyclophosphamide (C)/paclitaxel (T) in combination with bev in HER2-
negative operable breast cancer (BC). 7 Clin Oncol. 2012;30:(suppl; abstr 1026).

jnci.oxfordjournals.org

22. Willett CG, Duda DG, di Tomaso E, et al. Efficacy, safety, and bio-
markers of neoadjuvant bevacizumab, radiation therapy, and fluoro-
uracil in rectal cancer: a multidisciplinary phase II study. 7 Clin Oncol.
2009;27(18):3020-3026.

23. Zhu AX, Ancukiewicz M, Supko JG, et al. Efficacy, safety, pharmacokinet-
ics and biomarkers of cediranib monotherapy in advanced hepatocellular
carcinoma: a phase II study. Clin Cancer Res. 2013;19:1157-1166.

24. Lambrechts D, Claes B, Delmar P, et al. VEGF pathway genetic vari-
ants as biomarkers of treatment outcome with bevacizumab: an analysis
of data from the AViTA and AVOREN randomised trials. Lancet Oncol.
2012;13:724-733.

Funding

NIH grants P01-CA080124 (to RK]J, DGD, LLM), RO01-CA115767,
R0O1-CA085140, and RO1-CA126642 (RK]), R21-CA139168 and RO1-CA159258
(to DGD), R01-CA149285 (to LLM), and Federal Share/NCI Proton Beam
Program Income Grants (to RKJ, DGD, LLM); Department of Defense Innovator
Award W81XWH-10-1-0016 (to RK]J); American Cancer Society Grant RSG-
11-073-01-TBG (to DGD); and National Foundation for Cancer Research Grant
(to RK]J). RK] received research funding from Roche and MedImmune.

Affiliations of authors: Steele Laboratory, Department of Radiation
Oncology, Massachusetts General Hospital and Harvard Medical School,
Boston, MA (DGD, LLM, RKJ).

JNCI | Editorials 765



