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Abstract

OBJECTIVE—To date, most comorbidity studies have analyzed either a subgroup of frequent 

diseases, or used summary instruments such as the Charlson score or the Cumulative Illness 

Rating Scale-Geriatric (CIRS-G). Yet, comorbidity is a multidimensional construct and impacts 

function, treatment tolerance, and survival. We assessed how heat maps can unveil specific 

patterns of comorbidities associated with overall survival (OS) in older cancer patients treated with 

chemotherapy.

MATERIAL AND METHODS—We reviewed four trials that prospectively evaluated 

comorbidities using CIRS-G. Eligible patients were 65 years or older and had solid tumors with 30 

or more patients per tumor site. Heat maps were constructed based on CIRS-G scores and 

correlated with OS.

RESULTS—Among 818 patients accrued, 399 were eligible: Median follow-up was 53.4 months 

and median OS was 19.6 months (95% CI: 16.5–24.2). In the univariate model for OS, patients 

with a severe CIRS-G score in 6 organ categories (3–4 in heart, hematopoietic, respiratory, and 

musculoskeletal-integument and 2–4 in upper GI and liver) had statistically worse OS than those 

with lower scores. According to a total risk score (TRS) based on hazard ratios for OS, OS of the 

low risk group (N=309, TRS<2) was significantly higher (24.3 m vs. 10.8m, HR=2.05, 95% CI: 

1.58–2.66). TRS was a predictor for OS independently from stage, primary site, prior 

chemotherapy, ECOG performance status, and IADL (HR=1.94, 95% CI: 1.47–2.57).
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CONCLUSIONS—High TRS was a predictor of poor survival. Comorbidity heat maps appear 

promising to identify diseases most affecting the OS of older cancer patients.
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Introduction

In 2015, in the United States, more than 50% of cancers occurred in people aged 65 and 

older.(1) Analyzing characteristics of these patients is very important in an aging society and 

increasingly older cancer patients.

Comorbidity increases with aging and cancer patients aged 70 and older have three or more 

comorbidities on average.(2) Comorbidity has been reported to affect the survival of cancer 

patients,(3–6) and treatment-related toxicities.(7–10) Furthermore, comorbidity and its 

potential for related complications, or frailty interfere with physicians’ treatment decisions 

for older cancer patients in poorly defined ways.(11) Comorbidity in the elderly should be 

considered as a factor when determining cancer therapy. Therefore, it is very important to 

define more precisely the role of comorbidity in older cancer patients.

Comorbidity is by essence a multidimensional construct, with highly variable 

physiopathologies and impact on function,(2) treatment tolerance,(12) cancer behavior,(13–

15) and survival(3–6, 16) in cancer patients. The Cumulative Illness Rating Scale-Geriatric 

(CIRS-G) consists of fourteen organ categories including cardiac, vascular, respiratory 

disease, and so on and 5 levels of severity within each comorbid category.(17) It reflects the 

variety and complexity of the comorbidities. However, most comorbidity studies have 

analyzed either a subgroup of frequent diseases, or instruments summarizing the 

comorbidity burden, such as the Charlson score or CIRS-G. Although validated, these 

instruments usually rely on one end-point or expert consensus to build a severity rating. One 

can reasonably hypothesize that the subset of comorbidities that would most influence 

survival could be different from those that influence most physical function, or toxicity from 

treatment.

In order to further our understanding of comorbidity in cancer patients, we tested an analytic 

approach used in other multidimensional problems such as gene expression or epigenetics, 

namely a heat map approach. Heat maps allow a two-dimension visualization of complex 

variables, helping distinguish how they cluster by outcome, synchronously with a 

visualization of their overall frequency and level of severity (or overexpression). They may 

also help visualize how sets of data associate with each other (e.g. comorbidities within 

patients). Heat maps are a supple way of displaying associations generated by a wide range 

of statistical methods. Although stricto sensu the same results could be expressed by data 

output tables, the length and complexity of these tables prevents an intuitive grasp of those 

results. In this article, we apply this approach to the correlation of comorbidity and survival 

in a large cohort of patients.
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Materials and Methods

This is a retrospective study to assess the association of comorbidity, modeled with heat 

maps, with overall survival in a population of older cancer patients treated with 

chemotherapy. We reviewed four clinical trials that prospectively evaluated comorbidities 

using CIRS-G in our institution (H. Lee Moffitt Cancer Center)(Table 1). Eligible patients 

were 65 years or older and had solid tumors for which the number of patients by primary site 

was 30 or more. Among 818 patients accrued from July 2003 to June 2013, 399 were 

eligible: 90 with breast cancer, 77 with head and neck cancer, 71 with lung cancer, 66 with 

pancreatobiliary cancer, 53 with prostate and bladder cancer, and 42 with colorectal cancer. 

The reasons for exclusions were as below: 182 patients were treated in other locations than 

Moffitt Cancer Center, 99 were not evaluable for the original trials’ end-points, 60 had 

hematologic malignancies, 48 had other solid tumors, 28 were less than 65 years old, and 

two had incomplete CIRS-G. All data were collected from the clinical trials databases, 

electronic records of Moffitt Cancer Center, and Total Cancer Care (TCC) Database.

Comorbidity was assessed by the CIRS-G which includes 14 organ categories with 5 levels 

of severity of comorbidities (score 0–4).(17, 18) The five summary scores are as follows: 

total number of categories endorsed, total score, ratio of total score/number of endorsed 

categories (severity index) and number of categories at level 3 and 4 for a given patient in 

CIRS-G. The 14 organ categories are as follows: Heart; Vascular; Hematopoietic; 

Respiratory; Eyes, ears, nose, throat & larynx; Upper GI; Lower GI; Liver; Renal; 

Genitourinary; Musculoskeletal/Integument; Neurological; Endocrine/Metabolic and Breast; 

and Psychiatric illness. We reviewed the 14 organ categories and 5 CIRS-G scores of the 

CIRS-G of our patients.

In addition, we reviewed patients’ demographics, histology, year of diagnosis, cancer stage, 

prior and current cancer treatments, MAX2 index,(12, 19) and functional status (ECOG 

performance status (PS)) and Lawton’s 9-item Instrumental Activities of Daily Living 

(IADL) scale (20) at study baseline. The MAX2 index ranks the average toxicity of a 

chemotherapy regimen based on the most frequent reported severe toxicities. Lawton’s 9-

item IADL is scored from 9 to 29 points (3 levels per item and 2 points for medications), 29 

being best function.

Heat maps were created to visualize the comorbidity distributions using the following steps: 

1) Each patient was attributed a line; 2) organ systems were attributed columns, and the heat 

color was based on each organ’s CIRS-G severity rating, from blue (0) to red (4); and 3) the 

comorbidity types and levels of expression were grouped according to their relationship with 

overall survival, according to the statistical analysis described below. This study was 

approved by the Institutional Review Board of the University of South Florida.

Statistics

Patients’ clinical and demographical characteristics were summarized using descriptive 

statistics: frequency and proportion for categorical measures and mean, standard deviation, 

median, and range for continuous measures. Overall survival (OS) was measured from the 

date of initiation of treatment to date of death or last follow-up date. The association of 
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comorbidity with categorical and continuous outcome was evaluated by the Chi-square test 

and the Kruskal-Wallis test. The survival function was estimated by the Kaplan-Meier 

method, and the difference between the functions was assessed by the log-rank test. The Cox 

proportional hazards regression model was used to assess the association with OS. The 

impact of comorbidity on OS was evaluated, and the risk score was developed based on the 

hazard ratio and significance; risk score 1 was given to those who had CIRS-G categories 

with p-value of < 0.1 and hazard ratio of 1 to 2, and score 2 was assigned to those with p-

value of < 0.1 and hazard ratio of >2 (Table 3). The total risk score (TRS) was defined as the 

sum of risk scores. The distribution of TRS and the impact on OS were illustrated in Table 4. 

Based on the result of Table 4, patients were divided into two risk groups. The high risk 

patients were defined as those who had a TRS of 2 or more, while the low risk patients were 

those who had a TRS of 0 or 1. The multivariable model was selected by the backward 

elimination method to assess the association between the risk group and OS, when adjusting 

for potential confounding variables. A variable with p-value of >0.15 was eliminated at each 

step. No multiple comparisons were considered. All p-values were two-sided and p-value of 

<0.05 was considered statistically significant. All data analysis was conducted by SAS 

version 9.4 and heat maps were created by MATLAB software version R2016a.

Results

Patients’ characteristics

Patients’ characteristics are summarized in Table 2. The median age was 74 years old (range, 

65–92). Fifty one percent of patients were male. Baseline ECOG PS 0 was the most 

common with 177 (44.4%) patients. The median score for baseline IADL was 27 (range, 12–

29).

The majority of patients: (n=256, 64.3%) had stage IV cancer, with the proportion varying 

by tumor site:, 33.3% for breast cancer, 83.1% for head and neck cancer, 62.0% for lung 

cancer, 66.7% for pancreatobiliary cancer, 77.4% for prostate and bladder cancer, and 78.6% 

for colorectal cancer. The majority (268, 67.2%) of patients were chemotherapy-naïve. The 

patients received 74 chemotherapy regimens. The most frequently employed agents 

employed (single or combined) were platinum compounds (44%), taxanes (34%), and 

gemcitabine (33%). Fifty head and neck patients (12.5%) received concurrent chemotherapy 

and radiotherapy. The median MAX2 index of the regimens was 0.13 (range, 0.03–0.36).

Univariable models for overall survival: identification of key comorbidities by CIRS-G 
score

Figure 1A shows the distribution of the CIRS-G score by 14 comorbidity categories. All but 

one patient had one or more comorbidities (Fig. 1B). The mean value and standard deviation 

of the total score of all patients was 9.0 ± 4.2. The mean value and standard deviation of the 

total number of categories endorsed of all patients was 5.4 ± 2.2. The most common 

comorbidities were vascular disease, musculoskeletal/integument disease, respiratory 

disease, EENT and laryngeal disease, genitourinary disease, and endocrine/metabolic and 

breast disease.
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The median follow-up duration was 53.4 months (0.2–132.8 months). The median overall 

survival of all patients was 19.6 months (95% CI: 16.5–24.2). In univariate analyses of the 

14 CIRS-G categories, the survival of patients with a severe CIRS-G score was statistically 

worse than those with lower scores in several categories (Table 3): CIRS-G score 3 to 4 in 

heart (p=0.013, HR=1.48, 95% CI: 1.09–2.03); hematopoietic (p=0.007, HR=2.65, 95% CI: 

1.30–5.38); respiratory (p=0.011, HR=1.43, 95% CI: 1.08–1.88); and musculoskeletal-

integument (p=0.062, HR=1.38, 95% CI: 0.98–1.95); CIRS-G score 2 to 4 in upper GI 

(p=0.014, HR=1.38, 95% CI: 1.07–1.79); and liver (p=0.028, HR=1.57, 95% CI: 1.05–2.36). 

Among them, the hazard ratio in patients with a 3 to 4 score in the hematopoietic category 

was the highest (p=0.007, HR=2.65, 95% CI: 1.30–5.38). Patients’ characteristics by risk 

groups are shown in Table 2. Ninety (23%) of all 399 patients were in the high risk group 

and 309 (77%) in the low risk group. Survival in the low risk group was significantly longer 

than that of the high risk group (median survival: 24.3 months vs. 10.8 months, p<0.0001, 

HR=2.05, 95% CI: 1.58–2.66) (Fig. 2).

Comorbidity heat map for overall survival

A comorbidity heat map was created to observe the association of 14 comorbidities and 

survival in Figure 3. The order of the CIRS-G categories was rearranged according to 

whether they were statistically associated or not with OS in univariate analyses. The map 

powerfully illustrates how diseases with very different prevalence correlate with survival. 

One can also visualize which level of severity is the driver of the differences: for 

hematologic, cardiac, and respiratory diseases, grade 3 and 4 diseases drive the associations, 

whereas for liver and upper GI, the association is mostly driven by grade 2 disease. The 

figure is more heterogeneous for locomotive/integument diseases. Patients in the high TRS 

risk group had an average CIRS-G score of 5.8 in the non-TRS organ categories (45.6% of 

them having at least one category G3 or 4) vs 4.5 in the non-TRS organ categories (26.2% of 

them having at least one category G3 or 4) in the low TRS risk group. The higher non-TRS 

CIRS-G score likely reflects some degree of associative trend with comorbidities in the high 

TRS group (e.g. vascular disease has some association with cardiac disease).

Multivariable model for overall survival

In order to contextualize the association of comorbidity with OS, we built a multivariable 

analysis model. The variables tested for univariate association were: comorbidity TRS, 

gender, stage, primary tumor sites, prior chemotherapy or not, ECOG PS, age, MAX2 index, 

and IADL scale (Table 5). The survival of patients with a high TRS; male gender; stage 3 or 

4; prior chemotherapy received; ECOG PS 1 to 3; age increase; MAX2 index decrease; and 

IADL scale decrease; was significantly worse compared with reference patients. Among 

primary tumor sites, the OS of patients with head and neck cancer (median 44.4 months: 

95% CI 28.4–72.3), colorectal cancer (median 19.6; 10.4–24.6), lung cancer (median 14.0; 

10.5–17.3), prostate and bladder cancer (median 14; 8.1–21.4), and pancreatobiliary cancer 

(median 10.2 (7.8–13.4), were significantly worse than those with breast cancer (median 

95.2; 55.1-not reached). The OS of patients with no prior chemotherapy was longer than that 

of patients with prior chemotherapy (median survival: 24.4 months vs. 12.4 months, 

p<0.0001). The proportion of stage 4 disease among patients with prior chemotherapy was 

85%, and 53% among those without prior chemotherapy. In particular, the hazard ratios for 
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patients with a TRS of 2 to 4 (HR=2.05, 95% CI: 1.58–2.66), stage 4 (HR=3.44, 95% CI: 

2.32–5.10), colorectal cancer (HR=3.35, 95% CI: 2.13–5.26), pancreatobiliary cancer 

(HR=5.74, 95% CI: 3.79–8.70), lung cancer (HR=3.60, 95% CI: 2.40–5.41), prostate and 

bladder cancer (HR=4.05, 95% CI: 2.66–6.16,) and ECOG PS 2 to 3 (HR=3.48, 95% CI: 

2.50–4.83) were significantly high (HR > 2.00).

A multivariable model for overall survival was then constructed with these variables (Table 

5). The TRS was an independent predictor for OS (HR= 1.94, 95% CI: 1.47–2.57) when 

adjusting for stage, primary tumor sites, prior chemotherapy, ECOG PS, and Baseline IADL. 

In multivariate analysis, the survival of patients with a TRS of 2 or more; stage 4; colorectal, 

pancreatobiliary, lung, and prostate and bladder primaries; prior chemotherapy; and ECOG 

PS 1 to 3 was significantly worse (Table 4). The survival for patients with breast cancer was 

better than that of the other 5 primary tumor sites.

Discussion

Comorbidity was highly prevalent in our study population, consistent with previous findings.

(2, 18, 21, 22) All patients but one had one or more comorbidities, with a median of 5 

comorbidities (range 0–11) per patient. As we mentioned in the introduction, this clearly 

presents a challenge for studies attempting to analyze one disease at a time or simply relying 

on general summary scores.

Using a more detailed heat-map style method, we were able to identify a high risk group of 

diseases that correlated with survival. The survival for high risk patients with two or more 

severe comorbidities from this group was significantly worse (10.8 months vs. 24.3 months, 

p<0.0001). The high risk group included CIRS-G score 3 or 4 in the heart, hematopoietic, 

respiratory and musculoskeletal & integument categories and CIRS-G score 2 to 4 in the 

upper gastrointestinal and liver categories. The TRS was also an independent predictor for 

overall survival (HR= 1.94, 95% CI: 1.47–2.57) when adjusting for stage, primary tumor 

site, prior chemotherapy, and ECOG PS. According to TRS, 309 patients (77%) of low risk 

group had better survival although they had multiple complicated or severe comorbidities. 

For the low risk group, median number of comorbidity was 5 (vs. 7 for the high risk group) 

and the proportion of patients having at least one or more severe comorbidities out of all 14 

organ categories was 57.0%. For non-TRS organ categories, the proportion of at least one or 

more severe comorbidity was 26.2% in low risk group (vs. 45.6% in high risk group). 

Therefore our approach could identify different thresholds of severity in various diseases 

subgroups as relevant for OS in older cancer patients. As shown in Figure 3, the difference 

in prevalence of the14 comorbidity categories and the diseases’ severity were not only 

identified but also differently recognizable and easily visualized for each risk group. Heat 

maps allow the reader to assess which severity of diseases is the most prevalent and the most 

differentially expressed between groups, and if desired track patient by patient which of the 

sever diseases in the lower risk categories were associated with high TRS diseases. Heat 

maps and the associated analytic methods offer high potential for the understanding of the 

correlation of comorbidity with outcomes of cancer patients. For this first approach, we 

relied on the CIRS-G severity rating by organ category. As we had only 14 comorbidity 

categories, we did not need to use false discovery reduction (FDR) algorithms to screen out 
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features not associated with survival. Future research could assess diseases individually, 

without presumed weights within an organ category, and FDR algorithms which have been 

used in omics data analysis could allow handling a very large number of diseases and end-

points. This approach could also allow differential rating of the impact of individual or 

groups of comorbidities on survival, treatment tolerance, or function for example. The 

identification of clusters of diseases associated with individual toxicities would be a setting 

where FDR algorithms could clearly be of use.

Studies using traditional statistical approaches have mostly focused on single diseases, such 

as cardiopulmonary disease or diabetes mellitus, due to the difficulty of identifying enough 

patients with both a specific cancer and comorbidity.(23–27) However, older cancer patients 

have not only been reported to have substantial number of comorbidities (the median was 5 

in the present study), but also the degree of severity of these comorbidities is variable. 

Compared with this unidimensional approach, the present study evaluated a complex pattern 

of 14 categories and severity of comorbidities simultaneously in an integrated approach by 

identifying a cluster of diseases grouped in the TRS that allowed dividing patients into two 

groups with a clearly different survival duration (24.3 vs 10.8 months). To our knowledge, 

our study provided the most detailed identification to date of a group of comorbidities 

collectively associated with poor survival in cancer patients.

A multidimensional approach is more sensitive than a short instrument such as the Charlson 

Comorbidity Index. Tammemagi et al, for example demonstrated that fact in lung cancer 

patients(16, 22). Nineteen out of 56 comorbidities reviewed had a deleterious effect on lung 

cancer survival in multivariate analysis, explaining 6.1% of survival variation compared to 

2.0% for the Charlson score (and 3.7% for age, 9.2% for treatment, and 25.4% for stage)

(16). Among them, anemia, COPD, asthma, pulmonary fibrosis, liver disease, 

gastrointestinal bleeding, connective tissue disease, and osteoporosis are belonging to the 

organ categories we identified in the TRS. The present study has the advantage that not only 

were the data extracted from prospective studies, but they also included functional data with 

ECOG PS and IADL. Including functional measures in studies analyzing the association of 

comorbidity with prognosis is important, and in older patients the use of a couple of 

instruments is advisable, as ECOG PS, ADL, and IADL are only moderately correlated in 

older cancer patients.(2). In our study, both ECOG PS and IADL had a univariable 

association with prognosis, although only ECOG PS remained significant in multivariable 

analysis. When comorbidity is assessed with short summary instruments such as the 

Charlson score, its association with survival may be blurred by concomitant functional 

impairments. For example, in the Multicenter Italian Lung Cancer in the Elderly Study 

(MILES) study, a worse baseline IADL score had a significant correlation with poor survival 

in multivariate analysis (HR=1.31, 95% CI: 1.00–1.71, p=0.04), but not ADL or comorbidity 

rated by Charlson.(28) A study of advanced NSCLC treated with gemcitabine and 

vinorelbine reported that patients dependent in two or more IADL (RR=3.33, p=0.0025) had 

poor survival as well as those having an ECOG PS 2 (RR=2.92, p=0.0074) in multivariate 

analysis, but not comorbidity by Charlson or Kaplan-Feinstein score.(29). On the other hand, 

a study of the independent role of age, severe comorbidity by CIRS-G and functional 

impairment for survival reported that IADL was not a significant predictor for OS in 

multivariate analysis (HR=1.209, p=0.252) but PS was significant (HR= 1.455, p=0.021), as 
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well as severe comorbidity (HR 1.424; 95%–CI 1.012–2.003; P=0.043).(30) These literature 

data support the validity of an approach analyzing the largest possible number of 

comorbidities and our heat-map based process could identify a core of diseases that had a 

robust independent association with OS. The paradoxical inverse association of the MAX2 

value of chemotherapy with OS likely reflects the fact that regimens used in the palliative 

setting are typically less intense than those used in the curative intent setting.

Our study has several limitations. First this was an ad hoc sample of patients included in 

clinical trials who had an available CIRS-G score. Although this allowed for high quality 

prospective collection of comorbidity data, it is subject to selection bias. Furthermore the 

patients enrolled in these studies had heterogeneous characteristics, such as primary tumor 

types, stages, and prior treatment. Nevertheless the high risk group by CIRS-G was an 

independent predictor for worse survival across the board. Our candidate high-risk 

comorbidity pattern should be evaluated further in larger samples of patients with more 

homogeneous tumor type, stage, and treatment.

In conclusion, older cancer patients with severe comorbidities in the heart, hematopoietic, 

respiratory, musculoskeletal/integument, upper GI and liver categories had a worse survival 

as a high risk group with a total risk score of 2 to 4. Given the high prevalence of multiple 

comorbidities in older cancer patients, methods of analysis allowing a multidimensional 

evaluation of comorbidity, such as heat mapping, appear to have a high potential for 

improving our contextual understanding of the role of these diseases in the outcomes and 

management of these patients. The trend in oncology is in precision medicine, and in 

geriatric oncology, this applies not only to the tumor, but also to the patient.
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Fig. 1A. 
CIRS-G severity score incidence of score by category for all 399 patients
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Fig. 1B. 
Total number of CIRS-G categories endorsed for all 399 patients
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Fig. 2. 
Overall survival by CIRS-G risk groups
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Fig. 3. 
Comorbidity heat map for overall survival. Categories on the left have the highest odds ratio 

for OS. In addition, the heat map allows to visualize how segregated the distribution of 

comorbidities is between groups. It can be noted that grade 3–4 hematologic, cardiac, and 

respiratory disease is almost entirely clustered in the high risk group. On the other hand, the 

association of liver and upper GI diseases with OS is mostly due to grade 2 disease.
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Table 2
Patients Characteristics

Low-risk and high-risk mortality groups are defined on the basis of the comorbidity Total Risk Score we 

constructed from our heat map analysis (see text for details)

Characteristics All
(N=399)

TRS Low Risk
(N=309)

TRS High Risk
(N=90)

P value

Age (y) median, range 74 (65–92) 74 (65–91) 74 (65–92) 0.27

Gender n (%) 0.027

 Male 203 (50.9) 148 (47.9) 55 (61.1)

 Female 196 (49.1) 161 (52.1) 35 (38.9)

ECOG PS n (%) 0.33

 0 177 (44.4) 143 (46.3) 34 (37.8)

 1 157 (39.4) 116 (37.5) 41 (45.6)

 2 55 (13.8) 41 (13.3) 14 (15.6)

 3 10 (2.5) 9 (2.9) 1 (1.1)

IADL median (range) 27 (12–29) 27 (12–29) 27 (15–29) 0.0503

Primary tumor site n (%) <.0001

 Breast 90 (22.6) 81 (26.2) 9 (10.0)

 Head & Neck 77 (19.3) 66 (21.4) 11 (12.2)

 Lung 71 (17.8) 37 (12.0) 34 (37.8)

 Pancreas, biliary 66 (16.5) 57 (18.5) 9 (10.0)

 Prostate, bladder 53 (13.3) 36 (11.7) 17 (18.9)

 Colon, rectum 42 (10.5) 32 (10.4) 10 (11.1)

Stage* n (%) 0.13

 I 16 (4.0) 15 (4.9) 1 (1.1)

 II 48 (12.1) 41 (13.3) 7 (7.8)

 III 78 (19.6) 56 (18.2) 22 (24.4)

 IV 256 (64.3) 196 (63.6) 60 (66.7)

MAX2 index, median, range 0.13 (0.03–0.36) 0.13 (0.03–0.36) 0.12 (0.04–0.35) 0.15

Current chemotherapy n (%)

 Cisplatin-containing 54 (13.5) 44 (14.2) 10 (11.1) 0.45

 Combined (≥ 3) 54 (13.5) 50 (16.2) 4 (4.4) 0.004

Prior therapy n (%)

 Chemotherapy 131 (32.8) 106 (34.3) 25 (27.8) 0.25

 Surgery 248 (62.2) 191 (61.8) 57 (63.3) 0.79

 Radiotherapy 94 (23.6) 79 (25.6) 15 (16.7) 0.08

*
For one Head & Neck patient stage was not available. IADL = Instrumental Activities of Daily Living
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