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B y 2030, an estimated one 
out of five Americans 
will be over 65 years of 
age. An expanding se-

nior population will profoundly im-
pact the health-care system related 
to cancer care (Centers for Disease 
Control and Prevention, 2013). Can-
cer is both a disease associated with 
aging and the leading cause of death 
among men and women aged 60 to 
79 years old (Kim & Hurria, 2013). 
Treating the senior adult with can-
cer has specific, unique challenges. 
Physiologic changes associated with 
aging lead to decline in organ func-
tion, impacting outcomes with treat-
ment. Health status and functional 
reserve also vary significantly in se-
nior adults, making chronologic age 
alone an unreliable predictor of the 
risk for treatment complications 
(Korc-Grodzicki, Holmes, & Shah-
rokni, 2015).

The National Comprehensive 
Cancer Network (NCCN) classifies 
senior patients into three catego-
ries: young-old (ages 65 to 75 years), 
old (ages 76 to 85 years), and oldest-
of-old (over age 85 years). The use 
of common chemotherapy regimens 
in young-old adults with good per-
formance status is supported by 

clinical trials. However, few studies 
address either old patients, oldest-
of-old patients, or those with poor 
performance status (NCCN, 2016), 
leaving limited guidance for deter-
mining the risk of chemotherapy 
toxicity in this senior population 
(Baitar et al., 2014).

PRETREATMENT SENIOR 
ASSESSMENT TOOLS
National Comprehensive Cancer 
Network (2016) Guidelines recom-
mend a comprehensive geriatric as-
sessment (CGA) in the senior popu-
lation to assess life expectancy and 
the risk of morbidity. The CGA is 
defined as “a multidimensional, in-
terdisciplinary diagnostic process 
focusing on determining an older 
person’s medical, psychosocial, and 
functional capabilities to develop a 
coordinated and integrated plan for 
treatment and long-term follow-up” 
(Wildiers et al., 2014, p 2595). A CGA 
assesses functional status, comorbid-
ities, polypharmacy, nutritional sta-
tus, cognitive function, psychologi-
cal status, socioeconomic issues, and 
geriatric syndromes (NCCN, 2016). 
Although a CGA may help detect ge-
riatric syndromes, predict toxicity 
with treatment, improve treatment, J Adv Pract Oncol 2017;8:528–533
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and identify when supportive interventions are 
indicated (NCCN, 2016), it is not routinely used in 
oncology practice. Its limited use is presumed to be 
associated with both increased time and resource 
administration requirements (Korc-Grodzicki et 
al., 2015; NCCN, 2016).

Recent research has focused on evaluation of 
the predictive value of instruments to effectively 
assess potential toxicity in senior patients prior 
to chemotherapy treatment. Current data suggest 
that two instruments are clinically efficient in de-
termining patients at higher risk for chemothera-
py toxicity (Extermann et al., 2012; Hurria et al., 
2011; Luciani et al., 2015; Nie, Liu, Li, & Bai, 2013). 
This review, which will compare the Cancer and 
Aging Research Group (CARG) chemotherapy 
toxicity calculator and the Chemotherapy Risk 
Assessment Scale for High-Age Patients (CRASH) 
score, is intended to provide guidance to the on-
cology practitioner in clinical practice on efficient, 
validated instruments that assess risk for chemo-
therapy toxicity in senior adults with cancer. 

Cancer and Aging Research Group  
Chemotherapy Toxicity Tool 
Hurria et al. (2011) developed the CARG tool from 
data obtained through a prospective multicenter 
study involving 500 cancer patients, aged 65 years 
and older. A prechemotherapy assessment was 
completed and patients were followed through-
out the chemotherapy course to capture grade 3 
through grade 5 toxicities (Hurria et al., 2011). 

Risk Stratification: The CARG tool uses both 
objective and subjective data from 11 risk factors 
associated with an increased risk for chemother-
apy toxicities (Table 1; Hurria et al., 2011). Subjec-
tive information is completed by the patient, with 
the remaining objective information extracted 
from the chart by a health-care professional. Each 
risk factor is assigned a score (Table 1) and when 
scores are totaled, patients are categorically strati-
fied as low risk (0 to 5 points), intermediate risk (6 
to 9 points), and high risk (10 to 19 points; Table 2; 
Hurria et al., 2011). 

Administration Considerations: Medical staff 
must input data for the four objective questions 
regarding laboratory values and treatment plan-
ning. The remaining seven questions on physical 
function and emotional concerns are answered by 

the patient. Scores are totaled and categorized; re-
sults are interpreted by the clinician. An interac-
tive, electronic version of the CARG tool is avail-
able online (CARG, n.d.-a).

Psychometrics: This tool was internally vali-
dated in the study by Hurria et al. (2011) and inde-
pendently validated by Nei et al. (2013). Nie et al. 
(2013) completed a study with 120 lung cancer pa-
tients, aged 65 years and older, scheduled to receive 
a new chemotherapy regimen. Prior to treatment, 
patients completed a questionnaire and laboratory 
work. Each patient’s chemotherapy course was re-
viewed to identify grade 3 to 5 chemotherapy tox-
icities (Nie et al., 2013). The NCCN (2016) Guide-
lines recommend additional validation studies. 

Predictive Value: Hurria et al. (2011) and Nie 
et al. (2013) found that the CARG tool was able to 
significantly predict chemotherapy toxicity (p < 
.001; p < .001) and to discriminate risk for chemo-
therapy better than the Karnofsky Performance 
Score (p = .19; p = .322). 

Limitations of the Studies: The Hurria et al. 
(2011) study included patients with different tu-
mor types and treatment regimens with the in-
tent of determining risk factors common to ge-
riatric oncology patients. However, other risk 
factors that predict toxicity based on tumor type 
or regimen may exist (Hurria et al., 2011). Nie et 
al. (2013) assessed a homogeneous cancer popu-
lation of lung cancer patients in China, although 
the tumor type was not a determined risk factor. 
The NCCN (2016) Guidelines recommend further 
validation studies for the CARG tool. It is impor-
tant for future validation studies to be conducted 
among both homogeneous and heterogeneous 
populations to identify specific variables pertinent 
to certain cancers and treatment. 

The CARG tool was developed from the study 
conducted by Hurria et al. (2011), in which the as-
sociation between chemotherapy toxicity and a 
variety of variables was assessed. Although poly-
chemotherapy was not statistically significant in 
this cohort (p = .2422), this variable is included, 
as aging is associated with both decreased bone 
marrow reserve and an increase in myelosuppres-
sive complications from chemotherapy (Hurria et 
al., 2011). This finding is further supported by Lu-
ciani et al. (2015), in which polychemotherapy was 
found to be predictive of hematologic toxicities 
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on univariate (p = .003) and multivariate analyses  
(p < .001; Hurria et al., 2011).

In contrast, statistically significant variables 
were not included in the CARG tool. For example, 
“timed get up and go” score (p = .0446) and body 
mass index (BMI; p = .0136) are significantly as-
sociated with the development of chemotherapy 
toxicity yet are not included in the CARG tool 
(Hurria et al., 2011). It is unclear why these two 
variables were omitted from the tool. 

The CARG tool requires patient self-reporting 
of hearing impairment, number of falls in the past 
6 months, ability to manage home medications, 
limitations in walking a block, and decreased so-
cial activity due to physical or emotional health. 
Self-reported data may not accurately depict defi-
cits; senior patients may be unaware of deficits 
due to gradual adaption of a limitation or may have 
concerns disclosing limitations that may impact 
treatment planning. Input from caregivers, fam-
ily members, and clinicians may provide an addi-
tional and more complete assessment of physical 
function and mental state. 

A critique of the two studies evaluating the 
CARG tool (Extermann et al., 2012; Nie et al., 
2013) noted the inconsistency of the cutoff scor-

ing for risk stratification. Nie et al. (2013) scores 
ranged from 0 to 14, and Hurria et al. (2011) scores 
ranged from 0 to 19, indicating a patient whose to-
tal score was 5 is at low risk according to the cutoff 
set by Hurria et al. (2011). However, a score of 5 in 
the Nie et al. (2013) study was considered mid risk 
for chemotherapy toxicity. Nie et al. (2013) did not 
account for tumor type (gastrointestinal vs. geni-
tourinary) in the total score, as the study sample 
included lung cancer patients only, which may ac-
count for the scoring differences. 

Chemotherapy Risk Assessment Scale for 
High-Age Patients (CRASH) Score
The CRASH score was developed by Extermann 
et al. (2012) to stratify the risk for chemothera-
py toxicity. Extermann et al. (2012) conducted a 
study with 518 patients, aged 70 years old and old-
er, starting chemotherapy. Patients had a baseline 
assessment prior to starting chemotherapy. Tox-
icity was followed with weekly laboratory values 
and medical evaluations at the beginning of each 
cycle and at the end of treatment. Patients were 
followed up to 1 month after the completion of 
chemotherapy (Extermann et al., 2012). 

Risk Stratification: The CRASH score is an 
8-item assessment that integrates both patient 
variables and chemotherapy regimen. Chemo-
therapy regimens are given a numerical value from 
0 to 2 based on their potential for chemotherapy 
toxicities. This is called a Chemotox score. This 
score is calculated using the MAX2 index, which 
is a measure of the overall risk for severe toxicity 
with certain chemotherapy regimens (Extermann 
et al., 2012). The CRASH score divides toxicity 

Table 1. �Cancer and Aging Research Group 
(CARG) Variables and Scoring

Variable Score

Age ≥ 72 years old 2

Cancer type (gastrointestinal or genitourinary) 2

Chemotherapy dosing (standard dosing) 2

Number of chemotherapy drugs 
(polychemotherapy)

2

Hemoglobin (< 11 g/dL in males; 
< 10 g/dL in females)

3

Creatinine clearance (< 34 mL/min) 3

Hearing (fair or worse) 2

Number of falls in the past 6 months 
(one or more)

3

Take medications with some help/unable 1

Walking one block, somewhat limited/limited 
a lot

2

Decreased social activity because of physical/
emotional health problem (limited at least 
sometimes)

1

Note. Information from Hurria et al. (2011).

Table 2. �Total Risk Score for the Cancer and 
Aging Research Group (CARG) Tool

Total risk score % Risk N

Low 0–3 25% 28

4–5 32% 100

Mid 6–7 50% 136

8–9 54% 91

High 10–11 77% 62

12–19 89% 47

Note. Information from Cancer and Aging Research 
Group (n.d.-a). Table used with permission. 
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risk into hematologic and nonhematologic scores. 
Increased risk predictors for toxicity are outlined 
in Table 3 (Extermann et al., 2012).

Each variable is given a score ranging from 
0 to 2 (Table 3). Scores are totaled, with patients 
stratified into four categories: low, medium-low, 
medium-high, and high (Extermann et al., 2012). 
A score of 0 to 3 is considered low risk for the de-
velopment of chemotherapy toxicity, 4 to 6 is con-
sidered medium-low risk, 7 to 9 is considered me-
dium-high risk, and 9 or above is considered high 
risk (Table 4; Moffitt Cancer Center, n.d.). 

Administration Considerations: This tool is 
completed by a health-care provider by entering 
diastolic blood pressure, laboratory data (lactate 
dehydrogenase [LDH]), performance status, in-
strumental, chemotoxicity score, instrumental 
activities of daily living (IADL), and Mini Mental 
Status Examination (MMSE) and Mini Nutritional 
Assessment (MNA) assessments. An interactive, 
electronic version of the CRASH calculator is 
available online (Moffitt Cancer Center, n.d.).

Psychometrics: The CRASH score provides an 
integrated risk score that was stable over two vali-
dations (Extermann et al., 2012). National Com-
prehensive Cancer Care (2016) Guidelines recom-
mend additional validation of the CRASH score. 

Predictive Value: A total of 64% of patients in 
the study by Extermann et al. (2012) experienced 
toxicities. The CRASH score was significantly as-
sociated with predicting hematologic (p = .005) 
and nonhematologic toxicities (p < .05; Extermann 
et al., 2012). 

Study Limitations: As with the CARG tool, the 
CRASH score included variables not significant 
for the development of chemotherapy toxicity. 
For example, creatinine clearance is included yet 
is not significantly correlated with either hemato-
logic or nonhematologic toxicities (p = .74, p = .09; 
Extermann et al., 2012). However, renal function 
is a standard baseline assessment prior to chemo-
therapy initiation, so the authors presume that 
dosing and regimen were adjusted for decreased 
creatinine clearance prior to CRASH assessment. 

The cancer type was not stratified, making risk 
factors associated with specific cancers and treat-
ments unavailable (Hurria et al., 2011). No published 
results on additional studies within a homogeneous 
cancer population are available at this time.

The CRASH score also incorporates a Che-
motox score to stratify the risk for toxicity from 
specific chemotherapy regimens. The Chemotox 
score is calculated using the MAX2 index (Exter-
mann et al., 2012). Currently, there are 45 differ-
ent chemotherapy treatment plans that have been 
converted from MAX2 score to Chemotox scores. 
There is an equation available online to calculate 
a MAX2 and Chemotox score (Moffitt Cancer 
Center, n.d.). This extra step requires additional 
time and resources, which may be cumbersome 
for the clinician. 

In addition to calculating a Chemotox score, 
providers complete additional assessments such 
as the IADL, MMSE, and MNA (Extermann et 
al., 2012). To obtain a CRASH score, a modified 
9-item IADL instrument is required, which is 
derived from Lawton’s standard 8-item ques-
tionnaire (Lawton, 1988). Completing these ad-
ditional assessments and calculating the Che-
motox score take additional time and resources 
to complete. 

Table 3. �Chemotherapy Risk Assessment Scale for 
High-Age Patients (CRASH) Variables 
and Scoring

Hematologic score

Predictors 0 1 2

Diastolic blood 
pressure

≤ 72 mm 
Hg

> 72 mm 
Hg

–

IADLs 26–29 10–25 –

LDH 0–459 
U/L

– > 459 
U/L

Chemotox score 0–0.44 0.45–0.57 > 0.57

Nonhematologic score

Predictors 0 1 2

ECOG performance 
status

0 1–2 3–4

Mini Mental Status 
Examination

30 – < 30

Mini Nutritional 
Assessment

28–30 – < 28

Chemotox score 0–0.44 0.45–0.57 > 0.57

Note. IADLs = instrumental activities of daily living; 
LDH = lactate dehydrogenase; ECOG = Eastern 
Cooperative Oncology Group. Information from 
Extermann et al. (2012).
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The CRASH score, like the CARG tool, requires 
the use of patient self-reporting. The CRASH 
score uses assessments that require patients to 
report functional limitations, nutritional deficits, 
and mental health status (Extermann et al., 2012). 
Self-reporting may not accurately depict deficits, 
and/or patients may underreport limitations.

DISCUSSION AND IMPLICATIONS
Cancer is a disease of the aging, and as the senior 
population continues to grow, oncology practi-
tioners will treat an increasing number of senior 
patients. Currently, the CGA is the gold standard 
of practice when it comes to assessing risk and 
mortality among older patients (NCCN, 2016). By 
using the CGA, advance practice providers (APPs) 
can predict severe treatment-related toxicity and 
overall survival (Wildiers et al., 2014). However, 
the CGA can be time-consuming and requires 
additional resources. Oncology practitioners can 
utilize shorter instruments to determine which 
patients are at risk for chemotherapy toxicities. 
Current data suggest that the CARG tool and the 
CRASH score are efficient and valid instruments 
for determining which patients may be at a higher 
risk for chemotherapy toxicity (Extermann et al., 
2012; Hurria et al., 2011; Luciani et al., 2015; Nie et 
al., 2013) by using risk stratification of high, me-
dium, or low based on patient variables, treatment 
regimens, and cancer type.

Both tools have an online calculator, which 
makes computing total scores less cumbersome 

(CARG, n.d.-a; Moffitt Cancer Center, n.d.). 
However, input on the online calculator for the 
CRASH score requires the completion of MMSE, 
MNA, and IADL as additional geriatric assess-
ments, requiring time and additional resources 
for completion. 

These instruments provide an opportunity to 
standardize the risk for chemotherapy toxicity by 
stratifying patients into risk groups based on per-
sonal characteristics and treatment variables that 
increase risk for the development of chemothera-
py toxicities (Extermann et al., 2012; Hurria et al., 
2011; Nie et al., 2013). These brief but objective as-
sessment results may allow for communication be-
tween the patient and the clinician to discuss goals 
of treatment, such as palliative vs. standard dosing. 
Making patients aware of their individual risk for 
the development of toxicities with chemotherapy 
may assist them with treatment discussions. 

Currently, the CARG tool has been validated 
in an additional study, with ongoing trials taking 
place (CARG, n.d.-b; Nie et al., 2013). The CARG 
tool was developed from a study of participants 
with a variety of cancers and further studied by 
Nie et al. (2013) among a homogeneous popula-
tion of lung cancer patients. Based on its ability 
to stratify patients into risk groups, its feasibility, 
ease of use, and predictive value among both a het-
erogeneous and homogeneous cancer population, 
the CARG tool is the most efficient and predictive 
tool currently available to assess risk for chemo-
therapy toxicity (Hurria et al., 2011). 

Table 4. �Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) Scoring Analysis 
(Individual Risk)

CRASH score (points: % with severe toxicity)

Sample Hematologic subscore
Nonhematologic 
subscore Combined score Risk category

Derivation 
(n = 347)

0–1: 7% 0–2: 33% 0–3: 50% Low

2–3: 23% 3–4: 46% 4–6: 58% Intermediate-low

4–5: 54% 5–6: 67% 7–9: 77% Intermediate-high

> 5: 100% > 6: 93% > 9: 79% High

Validation 0–1: 12% 0–2: 42% 0–3: 61%

2–3: 35% 3–4: 59% 4–6: 72%

4–5: 45% 5–6: 66% 7–9: 77%

> 5: 50% > 6: 100% > 9: 100%

Note. Information from Extermann et al. (2012); Moffitt Cancer Center (n.d.). Table used with permission.
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Recommendations for Future Research
Further studies are needed to validate the use of 
short instruments in predicting the risk for che-
motherapy toxicity among the senior population 
(NCCN, 2016), as there remain limited data avail-
able on these tools and their predictive capabili-
ties. Additionally, future studies should examine 
these instruments in disease-specific senior popu-
lations to identify specific risk factors for that can-
cer type (Baitar et al., 2014; Extermann et al., 2012; 
Hurria et al., 2011; Luciani et al., 2015).

CONCLUSION
Seniors are a need-specific cohort within the can-
cer patient population. To adequately assess the 
risk for chemotherapy, a clinically time-efficient 
tool designed to predict risk for treatment-related 
toxicities is needed to provide guidance for ap-
propriate treatment regimens in the senior cancer 
population. Although historically performance 
status has been used to determine the ability to 
tolerate chemotherapy in the senior population, 
its effectiveness remains unclear (Extermann et 
al., 2012; Hamaker et al., 2014; Hurria et al., 2011; 
Luciani et al., 2015; Nie et al., 2013). The CGA can 
help predict severe treatment-related toxicities; 
however, time and resource requirements limit its 
routine use. The CARG tool and the CRASH score 
are time-efficient tools that can be utilized in prac-
tice to assess the critical factors found in the CGA 
(Extermann et al., 2012; Hurria et al., 2011; Nie et 
al., 2013). Additional studies are needed to further 
validate and establish these instruments’ utility in 
clinical practice. l
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