
ABSTRACT

Background. Bevacizumab leads to improved survival for pa-
tients with metastatic colorectal cancer (CRC) or non-small
cell lung cancer (NSCLC) when added to chemotherapy. Little
is known about factors associated with receipt of bevaci-
zumab, or whether bevacizamab is associated with increased
toxicity when added to chemotherapy.
Patients andMethods.We conducted a prospective study of
patients aged�65 years, which evaluated the association be-
tween geriatric assessment (GA) metrics and chemotherapy
toxicity. We examined differences in characteristics and out-
comes of patients with CRC and NSCLC cancers who received
bevacizumab with chemotherapy versus chemotherapy
alone.
Results. From a total of 207 patients, 27 (13%) received bev-
acizumabplus chemotherapy and 180 (87%) received chemo-
therapy alone. Groups were similar in sociodemographic and

cancer characteristics. There were no baseline differences in
GA domains except that patients with heart diseasewere less
likely to receive bevacizumab (4% vs. 26%, p� .01). Seventy-
eightpercentofpatientswhohadbevacizumabhadgrade3–5
toxicity compared to only 57% who received chemotherapy
alone (p � .06). Patients receiving bevacizumab were more
likely to develop grade 3 hypertension than those who re-
ceivedchemotherapyalone(15%vs.2%,p� .01). Inmultivari-
able analysis, factors associatedwith grade 3 ormore toxicity
included: bevacizumab (OR: 2.86, p � .04), CRC (OR: 2.54,
p � .01), and baseline anemia (OR: 2.58, p � .03).
Conclusion.Heartdiseasewasmorecommoninthosewhodid
not receive bevacizumab. Older patients who receive bevaci-
zumabwith chemotherapyhaveahigheroddsofdevelopinga
grade 3–5 toxicity compared with those who receive chemo-
therapy alone.TheOncologist2013;18:408–414

Implications for Practice: Treatment with bevacizumab necessitates closer patient monitoring, careful patient selection, and a
weighingof the risk/benefit ratio in all patients. Targeted therapy shouldbeplannedwith theappropriate interventions required
tomodify toxicity from cancer treatment in older patients.

INTRODUCTION

Inhibition of tumor angiogenesis is a major focus of cancer
drug development. Bevacizumab, a humanized antibody
against vascular endothelial growth factor receptor (VEGFR),
was the first antiangiogenic agent to be approved for ad-

vanced non-small cell lung cancer (NSCLC) (specifically for
nonsquamous histology) and colorectal cancer (CRC). Despite
the fact that over 50% of patients with advanced NSCLC and
CRC are older than 65 years [1], the proportion of older pa-
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tients included in the studies that led to FDA approval of bev-
acizumab for these cancerswas small. For example, themean
age in the pivotal study establishing that bevacizumab im-
proves survival for patients with colorectal cancer was 59 years
(10 years younger than the mean age of colorectal cancer inci-
dence), and only 30% of patients were 65 and older [2]. There-
fore, it is difficult to apply published data regarding the efficacy
and safety of bevacizumab to the older population of patients
withadvancedNSCLCandCRC in thegeneral community.

Studies of pooled clinical trial data have provided mixed
results on the efficacy and safety of bevacizumab for older
adults.Onestudy (ECOG4599) in lungcancerpatientsdemon-
stratedthat theadditionofbevacizumabtochemotherapydid
not lead toanysurvivalbenefit andwasassociatedwithhigher
toxicity in patients aged 70 and older compared with those
who received chemotherapy alone [3]. Other studies, how-
ever, have demonstrated similar efficacy of bevacizumab in
patient with lung cancer aged 65 and older compared with
younger patients with no unexpected safety issues [4–6]. Re-
sults from pooled analyses evaluating the efficacy and safety of
bevacizumab in older patients with advanced CRC have shown
similar survival benefits betweenyounger andolder patients, al-
though bevacizumab was associated with a higher incidence of
arterialadverseevents inpatientsaged75andolder [7,8].These
data suggest that prospective evaluation of the safety and effi-
cacyofbevacizumab inadvancedNSCLCandCRC isnecessary.

In clinical trials, bevacizumab is associated with a higher
bleeding risk, proteinuria, hypertension, and arterial throm-
boseswhencombinedwith chemotherapy [2, 7, 9]. These tox-
icities have limited the use of bevacizumab in clinical practice
for older patients. Population-based data have shown that
older patients are much less likely to receive bevacizumab.
One study of patients in routine clinical practice found that
only54%ofpatients aged65andolderwithmetastaticCRCel-
igible for bevacizumab received combination treatment ver-
sus 73% of younger patients (p� .001) [10]. There is a limited
understanding regarding patient factors that influence deci-
sion-making for initiation of bevacizumab [11].

Comprehensive geriatric assessment (GA), a compilation of
validated tools that capture domains that influence morbidity
andmortality in older patients, can characterize the “functional
age” of an older cancer patient and can helpwith decision-mak-
ing for cancer treatment [12].GAhasbeenshownto identify fac-
tors that can influence outcome, and recent data demonstrate
that factors within GA can predict the likelihood of developing
chemotherapytoxicity,predictsurvival,and influencetreatment
decision making in older cancer patients [13–15]. GAmay have
value in identifying older patients who have the highest likeli-
hood of benefiting from combination treatment with bevaci-
zumabwithout significant additional toxicity.

Little is known about characteristics and outcomes of
older patients who receive bevacizumab with chemotherapy
for advancedNSCLCandCRC. Toour knowledge, nopublished
studies utilize GA to help identify characteristics associated
with initiation of treatment and eventual outcomes. We
therefore conducted a secondary analysis on data froma pre-
viously published multicenter prospective study evaluating
whether GA can predict chemotherapy toxicity [13]. Patients
who received bevacizumab with chemotherapy as well as
thosewho received chemotherapy alonewere enrolled in the

prospective study. The objectives of this retrospective analy-
sis of a substudy cohort with advanced NSCLC with nonsqua-
mous histology and CRC (n � 207) were to examine
differences in characteristics and outcomes of patients who
received bevacizumab with chemotherapy versus chemo-
therapy alone and to examine the relationship of demograph-
ics, cancer characteristics, and GA variables on toxicity
outcomes in bivariate andmultivariable analyses.

PATIENTS ANDMETHODS
TheCancerandAgingResearchGroupStudy“Determining the
Utility of an Assessment Tool for Older Adults with Cancer”
wasamulti-institutional trial openat sevenparticipating insti-
tutions [13]. FromNovember 2006 to 2009, over 600 patients
were identified and recruited from the outpatient oncology
practices at the participating institutions. Patients were eligi-
ble if theywereaged�65,hadacancerdiagnosis,weresched-
uled to receiveanewchemotherapy regimen,andwere fluent
in English (because all measures in the assessment tool were
not validated in other languages). We conducted a secondary
analysis on these data to examine differences in characteristics
and outcomes of patients with metastatic colorectal and lung
cancerswho received combination therapy (chemotherapy and
bevacizumab) versus chemotherapy alone. In this analysis, pa-
tients whowere eligible for bevacizumab (metastatic colorectal
and lung)were evaluated (n� 207); the decision to give bevaci-
zumabornotwasat theprimary team’sdiscretion.

The study was approved by the institutional review board
at each participating institution. All participating patients
completed the informed consent process.

Study Schema
Before initiation of the chemotherapy regimen, a geriatric as-
sessment tool was completed. Themeasures that comprise the
tool are detailed in a prior publication describing the develop-
ment of the tool [16]. The geriatric assessment tool was com-
posedofahealthcareproviderportionandapatientportion.The
health care provider portion consisted of three items: rating the
patient’sKarnofskyperformancestatus [17], timed“Up&Go” (a
performance-based measure of functional status) [18], and
Blessed Telephone Information-Memory-Concentration Test (a
screening measure of cognitive function) [19]. The patient por-
tionconsistedof self-reportedmeasuresof functional status, co-
morbidity,medications,nutrition,psychological state, andsocial
support/function. A member of the health care team assisted
thosewhoneededhelp completing thequestionnaires.

The following treatment characteristicswere captured: che-
motherapy regimen, line of chemotherapy (first line or greater),
theuseofwhiteorredbloodcellgrowthfactors,andthetimingof
initiation of white blood cell growth factors (primary or second-
ary prophylaxis). The chemotherapy dosing for the first cycle of
treatment was categorized as standard or dose reduced as per
theNational ComprehensiveCancerNetworkguidelines [20].

Thepatientwas followed from thebeginning until the end
of the chemotherapy course. Toxicitieswere capturedat each
clinical encounter (scheduled or emergency visits) by the re-
search staff. Two physicians (the national study principal in-
vestigator [21] [PI] and site PI) subsequently reviewed the
patient’s chemotherapy course to capture grade 3–5 chemo-
therapy-related toxicities (grade 3 [severe], 4 [life-threaten-
ing], and 5 [fatal]) utilizing the National Cancer Institute (NCI)
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Common Terminology Criteria for Adverse Events (CTCAE),
version 3.0 (http://ctep.cancer.gov/protocolDevelopment/
electronic_applications/docs/ctcaev3.pdf). Blood values
were captured as grade 3–5 toxicity if theymet the criteria on
thedateof scheduledchemotherapyorat thetimethepatient
was seeking attention because of chemotherapy toxicities.
Statistical Analyses
Descriptive analyses were performed to summarize patient, tu-
mor, and treatment characteristics and geriatric assessment re-
sults. The incidences of the specific categories (hematologic and
nonhematologic) and typesofNCI CTCAEgrade3, 4, or 5 toxicity
werecalculated.Characteristicsofpatientswhoreceivedbevaci-
zumab plus chemotherapy were compared with those of pa-
tients who received chemotherapy alone. The incidences of the
specific categories (hematologicandnonhematologic)andtypes
of NCI CTCAE grade 3, 4, or 5 toxicity were calculated and com-
paredbetweenthetwogroups.Weassessedthestatisticalsignif-
icance of these differences using the chi-square test of
proportions. Outcomes examined included grade 3–5 toxicity,
hematologic toxicity, nonhematologic toxicity, hospitalizations,
dose reduction (any), dose delay (any), and discontinuation of
treatment. Themain independent variable of interest was ther-
apy (bevacizumabplus chemotherapy vs. chemotherapyalone).
If bevacizumab plus chemotherapy was associated with an out-
come in bivariate analyses (at p� .10), our planwas to conduct
further analyses with these specific outcomes. In this bivariate
analyses, bevacizumab plus chemotherapy was associated only
with grade 3–5 toxicity (see Results). The relationships of demo-
graphics, cancercharacteristics, andGAvariableswithgrade3–5
toxicitywereexaminedinbivariateanalyses.Weincludedfactors
that had a p value of� .10 in bivariate analyses in themultivari-
able model. Adjusted odds ratios (AORs) and their 95% confi-
denceintervals(95%CIs) indicatetheindependentassociationof
each variablewith the likelihood of the outcome, controlling for
theeffectsofall othervariables in themodel.All statistical analy-
seswereperformedusingSAS9.1 (SAS Institute Inc., Cary,NC).

RESULTS

Patient, Tumor, and Treatment Characteristics
This substudy cohort consisted of 207patients aged�65with
advanced stage CRC and NSCLC with nonsquamous histology
(Table 1). Of the 207 patients, 180 patients received chemo-
therapy alone compared to 27 patients who received chemo-
therapy plus bevacizumab. The mean age of participants was
73 years (SD 6.1, range 65–89) and 37.7% of patients were
aged 75 or older. There were no differences in age and other
demographic characteristics between groups. There were no
significantdifferences in cancer and treatment characteristics
between bevacizumab plus chemotherapy and chemother-
apy alone groups, 48% versus 45% had colorectal cancer and
67% versus 59% had not received previous chemotherapy.
There were no baseline differences in GA domains (physical
performance, falls, social support) between chemotherapy
plus bevacizumab and chemotherapy alone groups except
that the mean Instrumental Activities of Daily Living (IADLs)
score was higher (better) in the chemotherapy and bevaci-
zumab group compared with the chemotherapy alone group
(13.2 vs. 12.5, p� .09). Comorbidities were similar in the two
groups except for heart disease (26% in chemotherapy alone
group vs. 4% in combination group, p� .01).

Treatment Toxicity and Factors Associatedwith
Increased Risk for Toxicity
In bivariate analyses, there were no significant associations be-
tweenreceiptofbevacizumabwithhematologic toxicity,nonhe-
matologic toxicity, hospitalizations, dose reduction, dose delay,
and discontinuation of treatment (Table 2). Patients who re-
ceived bevacizamab were more likely to have any grade 3 or
greater toxicity. Seventy-eight percent of patientswho received
bevacizumab had grade 3 (severe), 4 (life-threatening or dis-
abling), or5 (death) toxicity compared to57%whoreceivedche-
motherapy alone (p � .06) (Fig. 1). More patients in the
chemotherapy plus bevacizumab group developed grade 3 hy-
pertension (15% vs. 2%,p� .01). Therewasnosignificantdiffer-
ence in other specific toxicities, including neutropenia and
thrombosis(Table3).Theonegrade5toxicityinthebevacizumab
plus chemotherapy group was caused by GI perforation. Four
grade5toxicitieswereattributedtotreatmentinthechemother-
apyalonegroup,andthesewerearesultof infection(2), liverdys-
function (1), andencephalopathy (1).

Bivariate analyses were conducted that examined the as-
sociation of cancer characteristics, patient characteristics,
and GA variables with grade 3–5 toxicity. Age was not associ-
ated with toxicity when evaluated as a continuous variable
(p � .20). Two variables in addition to use of bevacizumab
were associated with outcome at the p � .10 level and were
included in the multivariable analysis. Having CRC (54.8% vs.
45.2%, p � .001) and baseline anemia (24.0% vs. 11.0%, p �
.02) were associated with grade 3–5 toxicity. In multivariable
analysis (Table4), factors thatremainedassociatedwithgrade3
ormore toxicity included: chemotherapyplusbevacizumab (OR:
2.86,p� .04), colorectal cancer (OR:2.54,p� .01), andbaseline
anemia(OR:2.58,p� .03).NoGAvariableswereassociatedwith
grade3–5 toxicity inbivariateormultivariableanalyses.

DISCUSSION
Little is known about whether the characteristics and out-
comes of older patients who receive bevacizumab for ad-
vanced CRC and NSCLC differ from those who receive
chemotherapy alone in clinical practice. This study included
patientswith amean age of 73, and close to 40%of patients
were aged 75 and older. In this sample of older patients
with advanced CRC and NSCLC, only 27 (13%) received bev-
acizumab plus chemotherapy compared to 180 (87%) who
received chemotherapy alone. Patients who received bev-
acizumab plus chemotherapy had less heart disease (4%
versus 26%, p � .01) and higher mean scores on functional
assessment (Instrumental Activities of Daily Living, 13.2 vs.
12.5, p� .09), although the difference in IADL scores was not
statistically significant. Patients receiving combination ther-
apy were more likely to experience grade 3–5 toxicity from
treatment (78% vs. 57%, p � .06), although this difference
was of borderline statistical significance. Higher toxicity was,
for themost part, a result of grade 3 hypertension in the bev-
acizumabplus chemotherapy group (15%vs. 2%,p� .01). Re-
ceipt of bevacizumab as well as having CRC were both
significantly associated with higher risk for grade 3–5 toxicity
in multivariable analyses. This study is the first to our knowl-
edge to utilize GA to examine patient characteristics and out-
comes that are associated with treatment with bevacizumab
and chemotherapy versus chemotherapy alone.

410 Geriatric Assessment and Bevacizumab in Older Adults

©AlphaMed Press 2013

CM
E

http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf


As our population grows older, clinicians are increasingly
challenged with decisions regarding treatment initiation in pa-
tients with advanced cancer. Bevacizumab was approved for
first-lineandsecond-linetreatmentforCRCin2004and2006and
forfirst-linetreatmentforNSCLCin2006.Themeanageofpartic-
ipants in the pivotal studies that led to FDA approval of bevaci-
zumab forCRCandNSCLCwasaround60,which ismore than10
years younger than the average age of the population being
treated [2, 9, 22]. A very small proportion of patients included in
theserandomizedcontrolledtrialswereaged75andolder. Inad-
dition, the studieswere restricted topatientswithout significant
health problems, which further reduces the generalizability of
the data. Given the overall small benefits in survival achieved
with the addition of bevacizumab, appropriate patient selection
for treatment is imperative. It is clear fromobservational cohort
studiesthatagedoesimpactlikelihoodofreceiptofbevacizumab

forCRCandNSCLC[10,23].Differencesintreatmentpatternsare
likely relatedtoconcernsabout thetolerabilityof theseagents in
patients who have characteristics (older age, comorbidities) dif-
ferent fromthosewhowere included in thepivotal clinical trials.
Geriatric assessment, which includes a comprehensive evalua-
tion of health status including function and comorbidities, may
be helpful in identifying which patients receive standard care
treatments. Our study is the first to our knowledge to examine
patient selection for bevacizumabwith GA and did find that pa-
tients who received bevacizumab were overall healthier than
thosewhodidnotwithregardtoheartdisease.Physicians inclin-
ical practice are likely appropriately cautious given the toxicity
profile of bevacizumaband are carefully selecting older patients
for treatmentwith this drug. Therewerenoother significant dif-
ferences in GAmetrics associated with receipt of bevacuzimab
andchemotherapy.

Table 1. Baseline characteristics

Characteristics

Bevacizumabplus
chemotherapy(n�27)

Chemotherapy alone
(n� 180)

p valuen % n %

Age (mean) 71.2 73.1
Race/ethnicity .3625
African American 2 7.4 11 6.1
Hispanic 0 0 12 6.7
White 25 92.6 158 87.8

Male 13 48.2 102 56.7 .4062
Married 15 55.6 115 63.9 .4257
Education .6984
Less than 9th grade 3 11.1 9 5.0
9th Grade/high school 10 37.0 70 38.9
Some college 9 33.3 69 38.3
Associate degree� 5 18.5 32 17.8

Living alone 5 18.5 35 19.4 .9940
Job status .7798
Employed 3 11.1 29 16.1
Retired 20 74.1 137 76.1
Other 4 14.8 13 7.2

Chemotherapy duration (mean days) 98.7 116.7 .377
Cancer type .759
Colorectal cancer 13 48.2 81 45.0
Non-small cell lung cancer 14 51.8 99 55.0

Monochemotherapy 8 29.6 58 32.2 .788
Standard dose 23 85.2 132 73.3 .186
Line of chemotherapy .474
1st line 18 66.7 107 59.4
2nd� line 9 33.3 73 40.6

Comorbidities
Arthritis 11 40.7 71 39.4 .8978
Circulation problems 5 18.5 27 15.0 .5783
Depression 1 3.7 21 11.7 .3209
Diabetes 3 11.1 35 19.4 .4257
Emphysema 4 14.8 29 16.1 1.0000
Glaucoma 2 7.4 16 8.9 1.0000
Hypertension 11 40.7 92 51.1 .3149
Heart disease 1 3.7 47 26.1 .0101
Liver/kidney 3 11.1 17 9.4 .7305
Other cancers 8 29.6 41 22.8 .4348
Osteoporosis 3 11.1 23 12.8 1.0000
Stomach disorders 7 25.9 38 21.1 .5717
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The pivotal trials did note that severe and life-threatening
toxicities were more common in patients who received bev-
acizumab with chemotherapy as compared with those who
received chemotherapy alone, and several studies reported
that these toxicities were higher in the older subset of partici-
pants. Toxicities from combination treatment include febrile
neutropenia, hypertension, and thrombosis. The rate of over-
all grade 3–5 toxicities for bevacizumabplus chemotherapy in
our study was similar to the rates reported in clinical trials,
whichgenerally report the rateof grade3ormore toxicities to
be 70% ormore [2, 9, 24]. In a study of CRC patients receiving
FOLFOX with bevacizumab versus FOLFOX alone, grade 4 and
5 toxicities were higher in patients aged 70 years and older
[25]. Inanotherstudy,asubsetanalysisofECOG4599wascon-
ducted toevaluate the impactof age (70andolder vs. younger
than70) on toxicity frombevacizumabplus chemotherapy for
patients with advanced NSCLC [3]. Grade 3 to 5 toxicities oc-
curred in87%ofelderlypatientswho received treatmentwith
bevacizumab and chemotherapy versus 61% in thosewho re-
ceived chemotherapy alone (p � .001). Our study reports a
higher rateof hypertension (15% in thebevacizumabandche-
motherapygroupcompared to2% in thechemotherapyalone
group).Grade3hypertensionmaybeable tobemanagedwith
close monitoring and antihypertensives. Our study did not
show high rates of neutropenia or thrombosis in the group of
patients who received bevacizumab and chemotherapy com-

pared with those who received chemotherapy alone. These
findings may be a result, in part, of careful patient selection.
For example, patients who received chemotherapy with bev-
acizumabhad less heart disease andmaybe less likely to have
certain toxicities because of better overall fitness. One study
evaluating safety of bevacizumab for older colorectal cancer
patients found that use of the drug was associated with a
higher prevalence of stroke, but not heart disease [26]. In ad-
dition, chemotherapy is a risk factor for thrombosis [27]. Al-
though grade 3–5 toxicitywas higher in the bevacizumab plus
chemotherapy group, there was no association of bevaci-
zumabwith hospitalizations, treatment delays or dose reduc-
tions, or treatment discontinuation. Fatal toxicities reported in
other studies have included GI perforation, arterial thrombosis,
hypertensivecrisis,andpulmonaryhemorrhage.TheECOG4599
study of older versus younger patients reported seven treat-
ment-relateddeaths inthecombinationarmcomparedwithtwo
in the chemotherapy alone arm. In our study, one patient in the
combinationgrouphada fatal toxicityofGIperforation.

Our multivariable analysis illustrated that bevacizumabwas
independently associatedwith a higher likelihood of developing
grade 3–5 toxicity. This result is consistent with a recent meta-
analysis that illustrated that adding bevacizumab to chemother-
apy was associated with an increased relative risk for fatal
adverse events of 1.46 (95% CI, 1.09 to 1.94, p� .01) [28]. CRC
and baseline anemia were also associated with toxicity. Several
observational cohort studies are in progress to monitor the oc-
currence of toxicity of bevacizumab in the general practice set-
ting and will likely provide more information regarding factors
associated with toxicity. For example, ARIES is an observational
cohortthatincludesNSCLCandCRCpatientswhowouldnothave
beenenrolled fromthepivotalphase III trial, specificallypatients
with poor performance status, brain metastases, and those re-
ceiving therapeutic anticoagulation. TheBevacizumabRegimens:
Investigationof Treatment Effects andSafety (BriTE)Observational
Cohort Study (OCS), investigating the use of first-line bevacizumab
formetastatic CRC, has included patients 80 years and older, 161
(8.2%)of1,953patients[29].Thispopulationisunderrepresentedin
clinical trials,andpreliminaryresults fromBRiTEhaveindicatedthat
although appropriately selected patients do benefit frombevaci-
zumab, patients aged75 andolder had increased risk of grade3–5
toxicities,specificallyarterial thromboses.

GA factors were associated with grade 3–5 toxicity in the
larger studyof500patients,whichhasbeenpreviously reported
[13]. This study included patients who were not receiving tar-
geted therapies. The GA assessment revealed a number of find-

Figure 1. Grade 3 or greater toxicity: black, chemotherapy plus
bevacizumab; stripes, chemotherapy alone.

Table 2. Association of treatmentwith outcomes in bivariate analyses

Outcome

Bevacizumab plus
chemotherapy (n� 27)

Chemotherapy alone
(n� 180)

p valuen % n %

Grade 3–5 toxicity 21 77.8 103 57.2 .057

Hematologic toxicity 7 25.9 48 26.7 1.000
Nonhematologic toxicity 18 66.7 92 51.1 .151

Hospitalization 5 18.5 48 26.7 .481
Dose reduction 8 29.6 63 35.0 .667

Dose delay 10 37.0 61 33.9 .828
Discontinued treatment 6 22.2 44 24.4 1.000
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ings that would not have been detected on routine history and
physical exam including a high prevalence of patients who
neededassistancewith instrumentalactivitiesofdaily living,had
clinically significant comorbid medical conditions, were taking
multiple medications, had a history of falls, and had nutritional
deficits. Grade 3–5 toxicity occurred in 53% (50% grade 3, 12%
grade 4, 2% grade 5). Risk factors for grade 3–5 toxicity included
(a)age�73,(b)cancertype(GIorGU),(c)standarddose,(d)poly-
chemotherapy,(e)falls inlast6months,(f)assistancewithinstru-
mentalactivitiesofdaily living,and(g)decreasedsocialactivity.A
risk stratification schemewasdeveloped,whichwasable topre-
dict the patientsmost at risk for toxicity. Individual itemswithin
theGAdidnotpredict grade3–5 toxicities in this study, although
the combination treatment (chemotherapy plus bevacizumab)
was associatedwith grade 3–5 toxicity inmultivariable analysis.
This sample is a subset from the larger study [13] that included
only patientswhowere eligible to receive bevacizumab (i.e., pa-
tientswith advanced colorectal cancer orNSCLC). Itmay be that
thispopulationhaddifferent characteristics than the larger sam-
ple (e.g., earlier line of therapy). In addition, agewas not associ-
atedwithtoxicity.Therelikely isappropriateselectionofpatients
treated with bevacizumab and chemotherapy. Oncologists are
aware that bevacizumabhas a higher risk for patientswith a his-
tory of heart disease, andmaybeespecially cautious in initiating

treatment forolderpatientswithheartdisease. Inthisstudy,phy-
siciansby request couldhaveaccess togeriatric assessment results
and may have utilized the information for selecting patients for
treatment.More data on the utility of GA to predict adverse out-
comesinolderpatientsreceivingtargetedtherapies isnecessary.

There are limitations to this study. The small sample size
and retrospective nature of the study limits our ability to de-
termine cause and effect. This study reported on grade 3–5
toxicity;however, somegrade2toxicitiesmayalsoberelevant
to the geriatric oncology population. Our study population
was heterogeneous, consisting of patients on different treat-
ment regimens. Another limitation is that we did not capture
physician decisionmaking regardingwhich factors influenced
the decision to start (or not start) bevacizumab.

Our study illustrates that appropriately selected older pa-
tientsmay toleratebevacizumabwith chemotherapy.Onlyami-
nority of older patients in clinical practice actually receive
bevacizumab with chemotherapy. Although patients who re-
ceived bevacizumab were healthier, grade 3–5 toxicity was
higher, and receipt of bevacizumab was independently associ-
atedwithtoxicity.Hypertension,themostfrequenttoxicityinthe
bevacizumab and chemotherapy group, was grade 3 in all cases
and, therefore,maybeable tobemanagedeffectivelywithclose
monitoring and antihypertensives. Treatment with bevaci-
zumab necessitates closer patient monitoring, careful pa-
tient selection, and aweighing of the risk/benefit ratio in all
patients. Future studies should capture information on
how physicians make decisions regarding targeted therapy
for older patients and develop interventions to modify tox-
icity from cancer treatment in older patients.
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Table 3. Summary of grade 3–5 toxicities

Toxicity type

Bevacizumab group (n� 27) Chemotherapy only group (n� 180)a

Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5

Hematologic toxicity
Neutropenia 3 (11.1) 0 (0) 0 (0) 14 (7.8) 4 (2.2) 0 (0)
Anemia 1 (3.7) 0 (0) 0 (0) 3 (1.7) 1 (0.6) 0 (0)
Low total white blood cell count 1 (3.7) 0 (0) 0 (0) 16 (8.9) 3 (1.7) 0 (0)
Hemoglobin 1 (3.7) 0 (0) 0 (0) 15 (8.3) 1 (0.6) 0 (0)
Infectionwith neutropenia 1 (3.7) 0 (0) 0 (0) 5 (2.8) 0 (0) 1 (0.6)

Nonhematologic toxicity
Aspiration 1 (3.7) 0 (0) 0 (0) 0 (0) 1 (0.6) 0 (0)
Enteritis 1 (3.7) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Fatigue 4 (14.8) 0 (0) 0 (0) 37 (20.6) 0 (0) 0 (0)
Hemorrhage 1 (3.7) 0 (0) 0 (0) 2 (1.1) 0 (0) 0 (0)
Hypertension 4 (14.8) 0 (0) 0 (0) 3 (1.7) 0 (0) 0 (0)
Thrombosis 0 (0) 0 (0) 0 (0) 6 (3.3) 3 (1.7) 1 (0.6)
Dehydration 2 (7.4) 0 (0) 0 (0) 16 (8.9) 2 (1.1) 0 (0)
Diarrhea 2 (7.4) 0 (0) 0 (0) 11 (6.1) 2 (1.1) 0 (0)
Thrombosis 0 (0) 0 (0) 0 (0) 6 (3.3) 3 (1.7) 1 (0.6)
Gastrointestinal perforation 0 (0) 0 (0) 1 (3.7) 0 (0) 0 (0) 0 (0)
aFor the chemotherapyonly group, toxicitieswith�5%frequencyarenot shown, includingacidosis, allergic reaction, alt, anorexia, ast, atrial fibrillation,
bicarbonate, calcium, cardiac ischemia/infarction, cardiac troponin I, cerebrovascular ischemia, cognitivedisturbance, colitis, conductionabnormality,
confusion, cpk, creatinine, dyspnea, edema,encephalopathy, febrileneutropenia, fever, hemorrhage,GI, hyperbilirubinemia, hyperglycemia,
hyperkalemia, hypoalbuminemia, hypoglycemia, hypokalemia, hyponatremia, hypophosphatemia, hypotension, hypoxia, liverdysfunction failure,
nausea, neuropathy, neuropathy-sensory, pedal edema,platelets, pulmonary infiltrate, thrombocytopenia, venticular arrhythmia, andvomiting.

Table 4. Independent association of factors with grade 3–5
toxicity

Factors
Odds
ratio

95%Confidence
intervals p value

Bevacizumab plus
chemotherapy

2.86 1.06–7.70 .038

Colorectal cancer 2.54 1.39–4.62 .002
Baseline anemia 2.58 1.12–5.95 .03
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